
SPECIFICATION  THIN FILM TRANSISTOR, THIN FILM TRANSISTOR SUBSTRATE,
PROCESSES FOR  PRODUCING THE SAME, LIQUID CRYSTAL DISPLAY USING THE SAME,
AND RELATED DEVICES AND PROCESSES; AND SPUTTERING TARGET, TRANSPARENT
ELECTROCONDUCTIVE FILM FORMED BY USE OF THIS, TRANSPARENT ELECTRODE,  AND
RELATED DEVICES AND PROCESSES Technical Field  [0001] First group: field The
invention of the first group relates to a thin film  transistor substrate f
or driving the liquidcrystal of a liquid crystal  display. The invention
also relates to a process for producing the  thin film transistor substrate,
and a liquid crystal display using  the thin film transistor substrate.
[0002]  An abbreviation of a thin film transistor is used to call a  thin
film transistor substrate a TFT substrate in some cases.  [0003] Second
group: field The invention of the second group relates to a process for
producing a liquid crystal display, using an amorphous silicon thin  film
transistor ((x-SiTFT) or a polysilicon thin film transistor  1 (p-SiTFT).
More specifically, the invention relates to a liquid  crystal display
enabling to reduce the contact resistance between  a pixel electrode pattern
and source/drain wirings, and the contact  



resistance between the following: wiring metals of a gate wiring
leading-out section and source/drain electrode leading-out sections;  and a
transparent electrode. The invention also relates to a process  for
producing the same. [0004]  In particular, the invention relates to a
contrivance about  a sputtering target, a transparent electroconductive film
obtained  by a production process using this sputtering target,
andatransparent  electroconductive glass substrate having this transparent
electroconductive film. [0005]  Third group: field The invention of a third
group relates to a thin film transistor  (hereinafter, denoted as a TFl
insome cases) substrate, inparticular,  a TFT. The invention relates to a
process for producing this TFT  substrate, and a liquid crystal display
using this TFT substrate.  [0006] Fourth group: field The present invention
of a fourth group relates to a process  for producing a liquid crystal
display, using an amorphous silicon  thin film transistor (a-SiTFT) or a
polysilicon thin film transistor  2 (p-SiTFT). More specifically, the
invention relates to a liquid  crystal display enabling to reduce the
contact resistance between  a pixel electrode pattern and source/drain
wirings, and the contact  resistance between the following: wiring metals of
a gate wiring  



leading-out section and source/drain electrode leading-out sections;  and a
transparent electrode. The invention also relates to a process  for
producing the same. [0007]  In particular, the invention of the fourth group
relates to  a TFT substrate (examples of which including a TFT array
substrate  wherein TFTs are arranged into an array form), a
liquid-crystal-driving electrode substrate, and a sputtering target.
Background Art [0008]  First group: background Hitherto, liquid crystal
displays have eagerly been researched  and developed. In particular, after
an entrance of liquid crystal  displays for large-sized televisions on the
stage, the researches  and developments have been more actively made. As the
material of pixel electrodes of the liquid crystal  displays, ITO (indium
tin oxide) is generally used. This is because  ITO is excellent in
electroconductivity and transparency, and can  easily be etched with a
strong acid (aqua regia or a hydrochloric  acid-based etchant). 3 [0009]
However, ITO formed into a film on a large-sized substrate by sputtering is
a crystalline film. Thus, the state of the crystal  is variously changed
depending on the temperature of the substrate,  the state of the atmosphere
gas or plasma density, or the like so  



that a crystalline film and an amorphous film may be present to be  mixed on
the same substrate. This mixture frequently causes problems  that etching
failures (electric conduction to an adjacent electrode,  the narrowing of
the pixel electrode by overetching, pixel inferiority  based on etching
residues, and so on) are generated. [0010]  In order to solve the problems
caused when ITO is etched, for  example, Patent Document 1 discloses a
method of making an ITO pixel  electrode film amorphous, thereby making
large the etching rate of  ITO/Al by action of an etching solution of an
HCl-HN03-H20-based so  as to overcome elution of Al at the time of the
etching. About a target of ITO, black nodules are generated on the surface
of the target when a film is continuously formed over a long time,  so that
overdischarge is caused or foreign substances are generated  to cause pixel
inferiority. These also become problems with  frequency. [0011]  Thus, the
following method has been investigated: a method  of adding water or
hydrogen to sputtering gas when ITO is formed 4 into a film form so as to
form a film of ITO in an amorphous state,  etching this film of ITO, and
then heating the film to crystallize  the film. However, the addition of
water or hydrogen at the time  of the film-formation frequently causes a
decline in the adhesiveness  to the underlying substrate, or causes the
surface of ITO to be reduced,  thereby generating a large amount of nodules.



[0012]  In order to solve these problems, instead of ITO, IZO  ((registered
trade name) manufactured by Idemitsu Kosan Co., Ltd.:  indium zinc oxide) is
used. The IZO is rich in usefulness as follows:  the IZO can be made into
the form of a substantially completely  amorphous film. The IZO can be
etched with an etchant based on an  oxalic acid, which is a weak acid, and
can also be etched with a  mixed acid of phosphoric acid, acetic acid and
nitric acid, an aqueous  solution of cerium (IV) ammonium nitrate, or the
like. The IZO can  be etched with a weaker acid than ITO. A target made of
the IZO makes  the generation of nodules less when the target is sputtered,
and  makes it possible to restrain the generation of foreign substances.
Thus, it can be mentioned that the IZO is a useful target.  [0013] As a
target containing the IZO, for example, Patent Document  2, which will be
listed up later, discloses a target made of a sintered  body of an oxide
containing a hexagonal lamellar compound represented  by the general formula
In203(Zn0) wherein m = 2 to 20. According  5 to this target, a transparent
electroconductive film excellent in  moisture resistance (endurance) can be
formed. [0014]  Furthermore, in connection with a target containing the IZO,
for example, Patent Document 3, which will be listed up later, discloses  a
process of: painting, onto a substrate, a coating solution prepared  by
dissolving an indium compound and a zinc compound in the presence  



of an alkanolamine; firing the resultant; and then subjecting the  fired
product to reducing treatment, thereby producing a transparent
electroconductive film. According to this transparent electroconductive film
producing process, a transparent  electroconductive film excellent in
moisture resistance (endurance)  can be obtained. For example, Patent
Document 4, which will be listed up later,  discloses, as a method for
etching a transparent electroconductive  film containing the IZO, a method
for producing a liquid crystal  display, wherein a transparent
electroconductive film comprising  In2O3-ZnO is etched with a solution of
oxalic acid in water, thereby  forming a pixel electrode. According to this
liquid crystal display  producing process, a pixel electrode pattern can
easily be formed  since the oxalic acid solution is used to perform the
etching.  Therefore, the yield can be improved. [0015]  Second group:
background 6 Liquid crystal displays have characteristics that the power
consumption thereof is low and the displays can easily attain  full-color
display, and other characteristics. Thus, out of flat  displays, the liquid
crystal displays are promising; in recent years,  developments for making
the size of their display screens large have  been actively made. In
particular, about an active matrix-based  liquid crystal flat display
wherein a-SiTFTs (thin film transistors)  or p-SiTFTs are arranged, as
switching elements for respective pixels,  



into a matrix form, and the pixels are each driven, the contrast  ratio
thereof does not deteriorate even if the display is made highly  definited
so as to have 800 x 600 pixels or more. Thus, attention  has been paid to
the liquid crystal flat display as a flat display  for high performance
color display. In such an active matrix-based  liquid crystal flat display,
a transparent electrode such as ITO  (indium tin oxide) is used as its pixel
electrode, and an Al-based  alloy thin film is used as its source electrode
in many cases. This  is because ITO has a low sheet resistance and a high
permeability  and Al can easily be patterned and further Al has a low
resistance  and a high adhesiveness. [0016]  Fig. 1 is a view illustrating a
sectional view of a vicinity  of an amorphous-SiTFT at a stage when the
formation of a pattern  of a pixel electrode is finished in the process of
producing a liquid  crystal flat display according to the present invention.
However, 7 any display in the prior art has the same basic structure except
thematerialof its pixel electrode; thus, the display will be described  with
reference to this. [0017]  In Fig. 1, a pattern of a gate electrode 2 is
formed on a  light-transmissible glass substrate 1, and next plasma CVD
(chemical  vapor deposition) is used to form a SiN gate insulation film 3,
an  amorphous Si:H (1) film4, a channel protection film 5, and an amorphous
Si:H(n) film 6 continuously into desired form and patterns.  



[0018] Furthermore, a metal film made mainly of Al is deposited by  vacuum
deposition or sputtering, and then a pattern of a source  electrode 7 and a
pattern 8 of a drain electrode 8 are each formed  by photolithographic
technique. In this way, an a-SiTFT element  section is completed. [0019]  An
ITO film is deposited onto this section by sputtering, and
photolithographic technique is used to form a pattern of a pixel  electrode
9 electrically connected to the source electrode 7. The  reason why the ITO
film is deposited after the Al film is deposited  is that a deterioration in
electrical contact property between the  amorphous-Si:H 4(and 6) and the
source and drain electrodes 7 and  8 is not caused. Al is inexpensive and is
low in specific resistance,  and is an essential material for preventing a
decline in the display 8 performance of the liquid crystal display, the
decline resulting  from an increase in the resistance of the wiring of the
gate electrode  2 and the wiring of the source/drain electrodes 7 and 8.
[0020]  In the above-mentioned production process, when the patterns  of the
source electrode 7 and the drain electrode 8 made mainly of  Al are formed
and then the ITO pixel electrode 9 is worked into the  pattern with an
HC1-HN03-H20-based etching solution, a situation that  the Al patterns elute
out at the time of the end of the working may  be frequently caused. 



[0021]  This results from the fact that Al also has a nature that Al  is
dissolved in the HC1-HN03-H20-based etching solution, which is  an ITO
etching solution. HNO3 in the etching solution forms a thin  Al oxide film
on the surface of Al, and thus HNO3 is added thereto  in order to prevent
elution of Al. However, it appears that if the  time for etching the ITO
film is long or defects portions, such as  impurities or foreign substances
incorporated during the deposition  of Al, are present in the Al film, the
above-mentioned Al-oxidizing  effect does not act sufficiently by local cell
reaction. [00221  In order to prevent such Al elution, it is known that an
ITO  film is made amorphous, thereby increasing the ITO/Al etching rate  to
any HC1-HN03-H20-based etching solution. This matter is described  9 in
Patent Document 1, which will be listed up later. The etching  rate ratio is
a ratio between etching speeds. [0023]  However, even if the ITO film is
made amorphous, elution of  Al is not completely prevented since an
HC1-HN03-H20-based etching  solution is used. Thus, a highly definited
liquid crystal display  is not easily realized. As an invention made in
light of such a problem,  Patent Document 2, which will be listed up later,
is known. This  Patent Document 5 suggests that patterning of a transparent
electrode  and a pixel electrode 9, on a pattern of each of an Al gate
electrode,  and source/drain electrodes, ismadeeasybyuseofanoxalicacid-based



etching solution, and a transparent electrode having a composition  made of
indium oxide-zinc oxide is used in order to provide a process  for producing
a highly definited liquid crystal display. [0024]  According to such a
structure, it is known that contact  resistance is generated between the
line of the Al gate and the  transparent electrode, and between the Al
source/drain electrodes  and the pixel electrode. In general, the Al lines
are usually covered  with a barrier metal such as Ti, Cr or No. Such a
barrier metal is  described in Patent Documents 6, 7, 8 and 9, which will be
listed  up later. [0025]  Third group: background 10 The matrix-based liquid
crystal display is usually composed  of a TFT array substrate, a counter
substrate, and a display material,  such as liquid crystal, sandwiched
between the TFT array substrate  and the counter substrate. In
thematrix-based liquid crystal display,  a voltage is applied to this
display material in selected individual  pixels, thereby displaying a given
image. On the TFT array substrate are formed a semiconductor thin  film
(hereinafter, referred to merely as a semiconductor film) and  so on while
on the counter substrate are formed, a counter electrode,  a color filter, a
black matrix, and so on. Such a liquid crystal  display (hereinafter, simply
referred to as a LCD) , wherein the TFT  array substrate and so on are used,
will be called a TFT-LCD  



hereinafter. [0026]  In the above-mentioned TFT array substrate, for each
element,  a TFT composed of a gate electrode, a source electrode, a drain
electrode and a semiconductor film, and at least a pixel electrode  are
formed into an array form on an insulating substrate made of  glass or the
like. Besides, an alignment film, a storage capacitor,  and so on are formed
if necessary. Between the pixels are disposed  signal lines such as gate
wirings and source wirings. The gate wirings  and the source wirings, the
numbers of which are each several, are  disposed on the insulating substrate
so as to cross at right angles.  In this way, a display area is formed.
Furthermore, an input terminal, 11 a driving circuit for driving each of the
TFTs, and so on are formed,  correspondingly to each of the signal lines,
outside this display  area. [0027]  In order to produce such a liquid
crystal display wherein a  TFT array is used, gates and sources/drains
included in TFTs and  other common wirings are produced into an array form
so as to form  a display area. Input terminals, prewirings, driving
circuits, and  others are arranged in the vicinity of this display area. For
reference, in the present patent, a gate electrode and  a gate wiring are
together denoted as a gate, and a source electrode  and a source wiring are
together denoted as a source. Adrainelectrode  may be denoted simply as a
drain in some cases. A source and a drain  



are together denoted as a source/drain. In the patent, a first  conductor is
specifically the gate, source and drain, and a second  conductor is the
above-mentioned pixel electrode. [0028]  It is also preferred to arrange, on
the insulating substrate  of the TFT array substrate, an electroconductive
thin film  (hereinafter, referred to merely as an electroconductive film) or
an insulating thin film (hereinafter, referred to merely as an  insulation
film), if necessary, in order to exhibit a given function.  On the other
hand, on the counter substrate are formed the counter  electrode, the color
filter and the black matrix, as described above. 12 [0029]  After the TFT
array substrate and the counter electrode are produced as described above, a
given gap is made between the two  substrates in order to inj ect a liquid
crystal material therebetween.  In this state, the two substrates are stuck
to each other at their  peripheries, and then a liquid crystal material is
injected into  the gap between these substrates to produce a TFT-LCD. [0030]
Known thin film techniques are used to form various  semiconductor elements
and others onto the TFT array substrate or  the counter substrate used in
the TFT-LCD. In order to produce, for  example, semiconductor elements of a
TFT array substrate, the  following are formed on an insulating substrate,
as described above:  a gate, a source and a drain (these being referred to
as the first  



conductor hereinafter), a semiconductor film, an insulation film,  a pixel
electrode (hereinafter, referred to as the second conductor),  and so on. In
general, at this time, the second conductor and the  first conductor do not
contact each other directly since the second  conductor is f ormedon the
insulation film f ormedon the first conductor.  For this reason, a contact
hole is made in the insulation film in  order to attain electrical
connection between the first and second  conductors. In other words, the
first and second conductors are  electrically connected to each other
through the contact hole.  [0031] 13 It has been considered that the
material of the first conductor,  in particular, the material of the gate
wiring and the source wiring  therein is desirably pure Al or Al alloy from
the viewpoint of its  properties and the process in order to prevent delay
of signal  transmission as TFT-LCDs have been made large-sized and highly
definited. This is because the pure Al or Al alloy has a low electric
resistance. [0032]  However, it has not been considered that in the case of
using,  as the material of a transparent pixel electrode (second conductor),
ITO (indium tin oxide), IZO ((registered trade name), Idemitsu Kosan  Co.,
Ltd.: indium zinc oxide) or the like, it is not necessarily  preferred to
use, as the material of the first conductor, the pure  Al or Al alloy for
the following reason: if connection, which may  be referred to as contact
hereinafter, between the first and second  



conductors is attained, the contact resistance thereof becomes a  very high
value of 1 x E10 to 1 x E12 1) so that a favorable contact  property cannot
be obtained. [0033]  It has been therefore considered that it is difficult
to obtain  a favorable contact resistance in any TFT array substrate having
a structure wherein a first conductor made of pure Al or Al alloy  directly
contacts a second conductor made of a transparent  electroconductive film of
ITO, IZO or the like through a contact 14 hole made in an insulation film.
[0034] As the method for solving this problem, various methods have  been
hitherto investigated in order to obtain a favorable contact  between the
first and second conductors. For example, Patent Document  10, which will be
listed up later, discloses a thin film transistor  array substrate having a
bi-layered structure composed of an Al layer  comprising Al and an
electroconductive metal layer which is not easily  oxidized, wherein a pixel
electrode is connected to a metal layer  of a source electrode through a
contact hole made in a passivation  film. In the case that the pixel
electrode is connected to the metal  layer in this way, electrical contact
between the source electrode  and the pixel electrode becomes favorable.
[0035]  Patent Document 11, which will be listed up later, discloses  a
process for producing an active matrix substrate, wherein a metal  



layer is formed into a desired thickness inside a contact hole over  a drain
electrode so as to reduce effectively a difference in level  based on the
contact hole, whereby the process for the production  is made simple and a
pixel electrode is not easily cut. [0036]  Patent Document 12, which will be
listed up later, a thin film  transistor array having a bi-layered structure
drain electrode  composed of a lower layer made of a metal capable of
forming silicide  15 and an upper layer made of copper, wherein a pixel
electrode is  connected to the upper layer of the drain electrode through a
contact  hole made in a protective layer. In the case that the pixel
electrode  is connected to the upper layer, which is made of copper, in this
way, the resistance of the drain electrode is low in the thin film
transistor array so that favorable electrical contact can be  maintained;
simultaneously, a voltage can be applied to a liquid  crystal with a high
efficiency. [0037]  Patent Document 13, which will be listed up later,
discloses  a thin film transistor having a first electrode of a bi-layered
structure composed of a lower layer made of pure Al or Al alloy,  and an
upper layer made of pure Al or Al alloy to which at least  one element
selected from N, 0, Si and C is added, wherein a second  electrode is
electrically connected to the upper layer of the first  electrode. [0038]  



In the source electrode or the gate electrode in the substrate  in each of
Patent Documents 10 to 13, which will be listed up later,  a portion
connected to the pixel electrode has a bi-layered structure  (for example,
the source electrode in Patent Document 10 has a  bi-layered structure
wherein Cr, Ti, Mo, Cu, Ni or the like is formed  into a film on a pure Al
or Al alloy.). [0039] 16 Fourth group: background Liquid crystal displays
have characteristics that the power  consumption thereof is low and the
displays can easily attain  full-color display, and other characteristics.
Thus, out of flat  displays, the liquid crystal displays are promising; in
recent years,  liquid crystal displays of large sized screen are developed
actively.  In particular, about an active matrix-based liquid crystal flat
display wherein a-SiTFTs or p-SiTFTs are arranged, as switching  elements
for respective pixels, into a matrix form, and the pixels  are each driven,
the contrast ratio thereof is not deteriorated even  if the display is made
highly definited so as to have 800 x 600 pixels  or more. Thus, attention
has been paid to the liquid crystal flat  display as a flat display for high
performance color display. In  such an active matrix-based liquid crystal
flat display, a transparent  electrode such as ITO (indium tin oxide) is
used as its pixel electrode,  and an Al-based alloy thin film is used as its
source electrode in  many cases. This is because ITO has a high sheet
resistance and Al  can easily be patterned and further Al has a low
resistance and a  



high adhesiveness. (0040]  Fig. 10 is a view illustrating a sectional view
of a vicinity  of an a-SiTFT at a stage when the formation of a pattern of a
pixel  electrode is finished in the process of producing a liquid crystal
flat display according to the present invention. Fig. 11 is a view 17
illustrating a sectional view of a vicinity of an a-SiTFT at a stage  when
the formation of a pattern of a pixel electrode is finished  in the process
of producing a liquid crystal flat display in the  prior art. [0041]  In
Fig. 11, a pattern of a gate electrode 3002 is formed on  a
light-transmissible glass substrate 3001, and next plasma CVD is  used to
form a gate insulation film 3003 made of SiN, an a-Si:H(i)  film3004, anda
channel protection f ilm3005 made of SiNconsequtively.  Next, the channel
protection film 3005 is made into a desired form  and pattern by etching.
Furthermore, an a-Si:H(n) film 3006 and a  metal film made mainly of Al are
deposited by CVD, vacuum deposition  or sputtering, and then (a pattern of)
a source electrode 3007 and  (a pattern) of a drain electrode 3008 are
formed by photolithographic  technique, and further the a-Si:H(n) film 3006
and the a-Si:H(i)  film 3004 are finished. In this way, an a-SiTFT element
section is  completed. If necessary, a transparent resin resist 3010 is
deposited  and a contact hole 3012 is made. [0042]  



An ITO film is deposited onto this section by sputtering, and  then
photolithographic technique is used to form a pattern of a pixel  electrode
3009 electrically connected to the source electrode 3007.  At this time, the
gate electrode 3002 is made into a laminated film  of Al/Cr (or Al/Mo or
Al/Ti) and the source electrode 3007 and the 18 drain electrode 3008 are
each made into a three-layer-laminated film  of Cr/Al/Cr (or Mo/Al/Mo or
Ti/Al/Ti) . A purpose of this is to cause  electrical contact property
between the ITO film and the gate, source  and drain electrodes 3002, 3007
and 3008 not to deteriorate. Al is  inexpensive and is low in specific
resistance, and is an essential  material for preventing a decline in the
display performance of the  liquid crystal display, the decline resulting
from an increase in  the wiring resistances of the gate, source electrode
and drain  electrodes 3002, 3007 and 3008. [0043]  The reason why the ITO
film is deposited after the Al film  is deposited is not to deteriorate
electrical contact property between  a-Si:H (i) and a.-Si:H (n) films 3004
and 3006 and the source and drain  electrodes 3007 and 3008. This Al is
inexpensive and low in specific  resistance, as described above. [0044]  In
the case of working, in the above-mentioned production  process, the pixel
electrode pattern 3009, which is made of ITO,  with an HC1-HN03-H20-based
etching solution after the formation of  the patterns of the source
electrode 3007 and the drain electrode  



3008, which are made mainly of Al, an accident that the Al patterns  elute
out at the time of the end of the manufacturing process may  be frequently
caused. [0045] 19 This results from the fact that Al originally has a nature
that Al is dissolved in the HC1-HNO3-H2-based etching solution, which  is an
etching solution for etching ITO. HNO3 in the etching solution  forms a thin
Al oxide film on the surface of Al, and thus HNO3 is  added thereto in order
to prevent elution of Al. However, it is  considered that if the time for
etching the ITO film is long or defects  portions, such as impurities or
foreign substances incorporated  during the deposition of Al, are present in
the Al film, the  above-mentioned Al-oxidizing effect does not act
sufficiently by  local cell reaction. In order to prevent such Al elution,
it is known that an ITO  film is made amorphous, thereby increasing the
ITO/Al etching rate  by action of any HC1-HNO3-H20-based etching solution.
This matter  is described in Patent Document 1, which will be listed up
later.  [0046] However, even if the ITO film is made amorphous, elution of
Al is not completely prevented since an HC1-HNO3-H20-based etching  solution
is used. Thus, a highly definited liquid crystal display  is not easily
realized. [0047]  An invention made in light of the above-mentioned problem
is  



described in Patent Document 4, which will be listed up. This Patent
Document 4 describes that patterning of a transparent electrode and  a pixel
electrode on patterns of an Al gate and source/drain electrodes 20 is made
easy by use of an oxalic acid-based etching solution.  Furthermore, Patent
Document 4 suggests that a transparent electrode  having a composition
composed of indium oxide-zinc oxide is used  in order to provide a process
for producing a highly definited liquid  crystal display. When such a
structure is adopted, it is generally known that  contact resistance is
generated between the line of the Al gate and  the transparent electrode,
andbetweenthe Alsource/drain electrodes  and the pixel electrode. The Al
lines are usually covered with a  barrier metal such as Ti, Cr or Mo. Such a
structure is described  in Patent Documents 6, 7, 8 and 9, which will be
listed up later.  [0048] In the case of using Al wirings in this way, it is
unavoidable  to use a barrier metal; it is therefore necessary to form the
barrier  metal into a film and etch the film. As a result, it is feared that
the production process is made complicated. [0049]  The use of alloy wherein
various metals are added to Al is  reported. However, it is presumed that it
is very difficult to make  the above-mentioned contact resistance small.
This is because an  oxide film is formed on the surface of Al itself. This
oxide film  is an insulator, and it appears that this insulator makes the
contact  



resistance large. Such a description is included in Patent Documents  14, 15
and 16, which will be listed up. 21 [0050]  In order to decrease the contact
resistance based on this oxide film, suggested is a method of forming a
metal thin film made of  In, Zn or the like on an Al thin film. According to
this method,  the contact resistance becomes small but it becomes necessary
that  this thin film is formed. Moreover, there arise a problem that the
transmittance of the pixel electrode declines, and other problems.  Such a
description is included in Patent Document 17, which will  be listed up
later. [0051]  Patent Document I: Japanese Patent Application Laid Open
(JP-A)  No. 63-184726 Patent Document 2: JP-A No. 6-234565  Patent Document
3: JP-A No. 6-187832  Patent Document 4: JP-A No. 11-264995  Patent Document
5: JP-A No. 11-264996  Patent Document 6: JP-A No. 10-65174  Patent Document
7: JP-A No. 11-184195  Patent Document 8: JP-A No. 11-258625  Patent
Document 9: JP-A No. 11-253976  Patent Document 10: JP-A No. 4-253342
Patent Document 11: JP-A No. 4-305627  Patent Document 12: JP-A No. 8-18058



Patent Document 13: JP-A No. 11-284195  22 Patent Document 14: JP-A No.
7-45555  Patent Document 15: JP-A No. 7-301705  Patent Document 16: JP-A No.
1-289140 Patent Document 17: JP-A No. 2003-017706 (Japanese Patent
Application No. 2001-200710) Disclosure of the Invention Problems to be
solved by the invention  [0052] First group: objects However, in the case
that ITO, which is generally used as a  material of a transparent pixel
electrode, contacts Al, there arises  a problem that a cell reaction is
easily caused. Crystalline ITO  cannot be etched with any other than a
strong acid such as aqua regia  or hydrochloric acid. Thus, there also
arises a problem that, for  example, the wiring material of TFTs or the like
is corroded therewith  while ITO is etched. In the case of amorphous ITO,
the adhesiveness  thereof to an underlying substrate is frequently lowered,
or the  contact resistance between the ITO and the TFT wiring material may
be increased. It is also feared that when ITO is etched, residues  are
generated so that a short circuit between the electrodes or a  trouble about
the driving of the liquid crystal may be generated. Against this, IZO is
suggested as an amorphous material.  However, this material has a problem
that an especial hexagonal  23 



lamellar compound composed of indium oxide and zinc oxide must be  produced
so that the production process becomes complicated and  further costs
increase. [0053]  In light of the above-mentioned problems, the invention of
the first group has been made. An object thereof is to provide a  thin f
ilmtransistor substrate having a transparent electroconductive  film in
which residues and so on are hardly generated by etching.  Another object of
the invention is to provide a liquid crystal display  wherein this thin film
transistor substrate is used. Still another  object of the invention is to
provide a process for producing this  thin film transistor substrate
effectively. [0054]  Second group: objects In light of the above-mentioned
problems, the invention of  the second group has been made. An object
thereof is to make simple  a process for producing a TFT (thin film
transistor) substrate by  use of a transparent electroconductive material
containing a specific  metal for a pixel electrode and a transparent
electrode. In other  words, an object of the invention is to provide a
production process  which does not require any step of depositing a barrier
metal or  the like. [0055]  Similarly, an object of the invention is to
provide a sputtering  24 target for forming a film of such a pixel electrode
or transparent  



electrode by sputtering. [0056]  Another object of the invention is that
even if an Al gate  and a transparent electrode, or anAl source/drain and a
pixel electrode  are brought into direct contact with each other (without
using any  barrier metal), a transparent electroconductive material
containing  a specific metal is used for the pixel electrode or the
transparent  electrode, thereby the contact resistance therebetween is made
small.  Such a contact resistance having a small value is realized, whereby
providing a liquid crystal display, capable of attaining half-tone  display,
wherein a substrate using this transparent electroconductive  material for a
pixel electrode is utilized. This is an object of  the invention. [0057]
Third group: objects As described above, according to production processes
in the  prior art, the contact resistance between a second conductor made
of ITO, IZO or the like and a first conductor made of pure Al or  Al alloy
is a very high value of 1 x E10 to 1 x E12 Q. Thus, a favorable  contact
resistance cannot be obtained. In the case of making the structure of the
first conductor  into a bi- layered structure composed of different
materials to obtain  a favorable (low) contact resistance, it is difficult
to etch this  25 first conductor at one time with a single reagent (etching
solution) .  Thus, it is necessary to perform etching two times, using two
reagents  



(etching solutions). Consequently, the production process is made
complicated. In light of the above-mentioned problems, the invention of  the
third group has been made. An object thereof is to provide a  thin film
transistor and a thin film transistor substrate each having  a low contact
resistance when a second conductor and a first conductor  are electrically
connected to each other. Another object of the  invention is to provide a
thin-film-transistor-substrate-producing  process enabling to produce this
thin film transistor substrate more  simply at lower costs. Still another
object of the invention of the  third group is to provide a liquid crystal
display comprising this  thin film transistor substrate. [0058]  Fourth
group: objects As described as the background art of the fourth group, the
production process is not made complicated by using a transparent
electroconductive material containing a specific metal for a pixel
electrode and a transparent electrode. An object of the invention  of the
fourth group is to realize a TFT (thin film transistor) substrate,  and a
simple process for producing the same. Another object of the  invention of
the fourth group is to provide a pixel electrode of  such a TFT substrate,
and a sputtering target useful for forming  26 this pixel electrode.  [0059]
An object of the invention of the fourth group is to provide 



a liquid crystal display making it possible that: half-tone display  is
attained; and even if a gate comprising Al and a transparent  electrode, or
a source/drain (comprising Al) and a pixel electrode  are brought into
direct contact with each other, the contact resistance  therebetween is made
small. Means for solving the problems  [0060] First group: means The
above-mentioned objects of the invention are attained by  using, as a
transparent pixel electrode, a transparent  electroconductive film which is
made mainly of indium oxide, and  further comprises one or two or more
oxides selected from tungsten  oxide, molybdenum oxide, nickel oxide and
niobium oxide. This  transparent electroconductive film is patterned with an
acidic  etching solution, so as to be made into the shape of a transparent
pixel electrode. Specifically, in the invention, the following means  are
adopted. [0061]  (1) First, the invention is a thin film transistor
substrate  comprising a transparent substrate, a source electrode formed
over  the transparent substrate, a drain electrode formed over the 27
transparent substrate, and a transparent pixel electrode formed over  the
transparent substrate, wherein the transparent pixel electrode  is a
transparent electroconductive filmwhich is made mainly of indium  oxide, and
further comprises one or two or more oxides selected from  



tungsten oxide, molybdenum oxide, nickel oxide and niobium oxide,  and the
transparent pixel electrode is electrically connected to  the source
electrode or the drain electrode. [0062]  In the present patent, the wording
"is made mainly of indium  oxide" means that indium oxide is contained as a
main component,  and generally means the case where indium oxide is
contained at an  atomic composition ratio of 50% or more. When the
transparent pixel  electrode is formed into a film, a target is used which
is made mainly  of indium oxide and further comprises one or two or more
oxides selected  from tungsten oxide, molybdenum oxide, nickel oxide and
niobium oxide,  whereby nodules are hardly generated in this target. [0063]
In the case that tungsten oxide, molybdenum oxide, nickel oxide  or niobium
oxide is incorporated into a transparent electroconductive  film, the
amorphous transparent electroconductive film formed into  an amorphous film
can be etched with an etchant containing oxalic  acid. The substrate
temperature for the film formation is preferably  from room temperature to
200C, more preferably from 80 to 180C.  The reason why the substrate
temperature at the time of the film  28 formation is set into the
above-mentioned range is as follows: in  order to control the substrate
temperature into room temperature  or lower, cooling is necessary to prevent
the energy lossenergy ;  on the other hand, if the substrate temperature is
higher than 200C,  the transparent electroconductive film may not be able to
be etched  



with the etchant containing oxalic acid by the crystallization of  this
film, or the like. Water or hydrogen maybe added to the atmosphere  gas when
the film is formed. This makes it possible to etch the formed  transparent
electroconductive film more easily with the etchant  containing oxalic acid
so as to decrease residues further. [0064]  The addition of the metal oxide
makes it possible to crystallize  the transparent electroconductive film on
the substrate easily by  heating the temperature of the substrate to a
temperature higher  than 200C after the etching of the formed transparent
electroconductive film. The temperature for the crystallization is
preferably 220C, more preferably 230C or more. By the crystallization of the
transparent electroconductive  film, cell reaction is restrained even if the
transparent  electroconductive film contacts an electrolyte in the state
that  the film is electrically connected to Al. Consequently, etching
failures, such as breaking of Al lines, are hardly generated. The specific
resistance of the thus formed transparent  electroconductive film is reduced
to a value similar to that of ITO.  29 Moreover, this transparent
electroconductive film is excellent in  transparency. [0065]  The film
thickness of the transparent electroconductive film  is preferably from 20
to 500 nm, more preferably from 30 to 300 nm,  even more preferably from 30
to 200 rim. If the film thickness of  



the transparent electroconductive film is less than 20 nm, the surface
resistance of the transparent electroconductive film may rise. On  the other
hand, if the film thickness of the transparent  electroconductive film is
more than 500 nm, the transmittance may  be lowered or a problem about the
working precision may be caused. About the composition of the transparent
electroconductive  film, the composition ratio (hereinafter, referred to the
atomic  ratio in some cases) of In, which is the atomic ratio of In,
ispreferably  as follows: the value of [In] / [all the metals] is from 0.85
to 0.99.  If the composition ratio of In is less than 0.85, the resistance
value of the transparent electroconductive film may be increased  or the
transparent electroconductive film may not be crystallized  even if the
substrate on which this film is formed is heated to 200C  or higher. If the
composition ratio of In is more than 0.99, the  transparent
electroconductive film is crystallized at the time of  the formation of this
film so that the film cannot be etched with  the etchant containing oxalic
acid or a large amount of residues  may be generated. The [In] represents
the number of the indium atoms  30 per unit volume in the transparent
electroconductive film, and the  [all the metals] represents the number of
all the metal atoms per  unit volume in the transparent electroconductive
film. [0066]  It is also preferred to incorporate Sn or Zn as a third atom
into the transparent electroconductive film. The atomic indium in indium
oxide is a first atom, and the  



atomic tungsten, niobium, nickel and/or molybdenum in the oxide(s)  selected
from tungsten oxide, molybdenum oxide, nickel oxide and  niobium oxide is a
second atom or second atoms. In the case of incorporating Sn, the
composition ratio of Sn,  which is the atomic ratio of Sn, is preferably as
follows: [Sn] /[all  the metals ] <0.2. The ratio is more preferably as
follows: [Sn] / [all  the metals] < 0.1. If the value of [Sn]/[all the
metals] in the  transparent electroconductive film is 0.2 or more, residues
may be  generated when the transparent electroconductive film is etched.
The [Sn] represents the number of tin atoms per unit volume in the
transparent electroconductive film. In the case of incorporating Zn, the
composition ratio of Zn,  which is the atomic ratio of Zn, is preferably as
follows: [Zn] / [all  the metals] <0.1. The ratio is more preferably as
follows: [Zn] / [all  the metals] < 0.05. The [Zn] represents the number of
zinc atoms  per unit volume in the transparent electroconductive film.
[0067] 31 (2) The invention is also a thin film transistor liquid crystal
display comprising a thin film transistor substrate comprising a
transparent substrate, a source electrode formedover the transparent
substrate, a drain electrode formed over the transparent substrate,  and a
transparent pixel electrode formed over the transparent  substrate, a color
filter substrate wherein a colored pattern in  plural colors is formed, and
a liquid crystal layer sandwiched between  the thin film transistor
substrate and the color filter substrate,  



wherein the transparent pixel electrode is a transparent electroconductive
film which is made mainly of indium oxide, and  further comprises one or two
or more oxides selected from tungsten  oxide, molybdenum oxide, nickel oxide
and niobium oxide, and the  transparent pixel electrode is electrically
connected to the source  electrode or the drain electrode. [0068]  In this
thin film transistor substrate, etching failures such  as Al line breaking
are hardly generated in the production process  thereof. Accordingly, if
such a thin film transistor substrate is  used, a thin film transistor
liquid crystal display having small  defects can be produced. [0069]  (3)
The invention is a process for producing the thin film  transistor substrate
according to the item (1), which further  comprises the step of depositing
the transparent electroconductive 32 film over the transparent substrate,
and the step of using an acidic  etchant to etch the deposited transparent
electroconductive film,  thereby forming the transparent pixel electrode.
[0070]  The acidic etchant is preferably a weak acid. Even when the
transparent electroconductive film is etched with the etchant of  a weak
acid, residues based on the etching are hardly generated. About the etchant
containing oxalic acid, the concentration  of oxalic acid is preferably from
1 to 10% by weight, more preferably  



from 1 to 5% by weight. If the concentration of oxalic acid is less  than 1%
by weight, the etching rate of the transparent electroconductive film may
become small. If the concentration is  more than 10% by weight, a crystal of
oxalic acid may precipitate  in the aqueous solution of the etchant
containing oxalic acid.  [0071] (4) The invention is also the thin film
transistor substrate  producing process according to the item 3, wherein the
acidic etchant  comprises any one or any two or more of oxalic acid, a mixed
acid  comprising phosphoric acid, acetic acid and nitric acid, or cerium
(IV) ammonium nitrate. [0072]  Second group: means The following will
describe means of the second group of the  invention. 33 [0073]  A.
Sputtering target (5) In order to solve the above-mentioned problems, the
invention is a sputtering target which is made mainly of indium oxide,  and
comprises one or two or more metal(s) selected from the first  metal group
Ml consisted of W, Mo, Nb, Ni, Pt and Pd, or an oxide  or oxides of the
metal(s), and an oxide or oxides of one or two or  more metal (s) selected
from the second metal group M2 consisted of  lanthanoid-based metals. [0074]



As described above, the invention is characterized in that  an oxide or
oxides of one or two or more metal (s) selected from the  second metal group
M2 consisted of lanthanoid-based metals, and one  ortwoormoremetal(s)
selected from the first metal group Ml consisted  of W, Mo, Nb, Ni, Pt and
Pd, or an oxide or oxides of the metal(s)  are simultaneously added. [0075]
When the sputtering target of the invention is used to form  a transparent
electroconductive film by sputtering, the contact  resistance between the
transparent electroconductive film and other  Al members can be kept into a
small value on the basis of the  above-mentioned structure. [0076]
Specifically, in the case of using the sputtering target of  34 the
invention to form a transparent electrode or pixel electrode  by sputtering,
values of contact resistances generated: between the Al gate line and the
transparent electrode;  between the Al source/drain electrodes and the pixel
electrode;  and between the Al source/drain wirings and the transparent
electrode can be made smaller than values of contact resistances  generated
therebetween in the prior art. [0077]  In the present patent, the wording "A
is made mainly of X",  wherein A represents a member and X represents a
component, means  



that X is a main component in the raw material of A, and generally  means
that X is a component having a composition ratio of 50% or  more. [0078]
(6) In order to solve the above-mentioned problems, the  invention is the
sputtering target according to claim 1, wherein  the value of [Ml]/([Ml] +
[In]), which is the composition of one  ortwoormoremetal (s) selected from
the first metal group Ml consisted  of W, Mo, Nb, Ni, Pt and Pd, or the
metal oxide(s) to indium oxide,  is from 0.005 to 0.2, and the value of
[M2]/([M2] + [In]), which  is the composition of the oxide(s) of one or two
or more metal(s)  selected from the second metal group M2 of
lanthanoid-based metals  to indium oxide, is from 0.005 to 0.2, wherein the
[Ml] represents 35 the number of the atoms of one or two or more metal(s)
selected from  the first metal group, the [M2] represents the number of the
atoms  of one or two or more metal (s) selected from the second metal group,
and the [In] represents the number of the atoms of metallic indium.  [0079]
Composition of the lanthanoid-based metal oxide(s) As described above, in
the invention, the composition of the  lanthanoid-based metal oxide(s)
relative to indium oxide is as  follows: Expression (1) [M2]/([M2] + [In]) =
0.005-0.2 This value is preferably from 0.01 to 0.15, more preferably  



from 0.01 to 0.1. [0080]  In the present patent, the group of
lanthanoid-based metals  is called a second metal group, and the metals are
together referred  to as "M2". This M2 is also used as a symbol representing
lanthanoid-based metals. [0081]  In the patent, symbol [] is used to
represent the number of  the atoms of the element per unit weight/volume.
For example,  [cerium] or [Ce] represents the number of the atoms of cerium.
[indium] or [In] represents the number of the atoms of indium.  [0082] 36
The de script ive manner of [M2 ], whereinM2, which is a collective  term of
the above-mentioned metals, is inserted into [], is also  used. [M2]
represents the number of the atoms of a metal selected  appropriately from
the second metal group. [0083]  If the value of this expression is less than
0.005, the effect  of the addition thereof is not easily produced. When such
a sputtering  target is used to produce a transparent electrode or pixel
electrode,  a large contact resistance may be generated between Al and the
transparent electrode or between Al and the pixel electrode.  [0084] On the
other hand, if the value of the expression is more than  0.2 and such a
sputtering target is used to produce a transparent  



electrode or pixel electrode, the specific resistance of the  transparent
electrode or pixel electrode itself may become a large  value. If the
expression is more than 0.2 in same manner, the  transparent electrode or
pixel electrode itself may not be etched  with ease. As a result, it may
become difficult to produce a substrate  for a liquid crystal display.
[0085]  Composition of metallic W, No, Nb, Ni, Pt and/or Pd, or the  metal
oxide(s) thereof In the invention, the composition (ratio) of metallic W,
Mo,  Nb, Ni, Pt and/or Pd, or the metal oxide (s) thereof relative to indium
37 oxide is as follows:  Expression (2) [M1]/([M1] + [In]) = 0.005-0.2 The
value of this expression is preferably from 0.01 to 0.15,  more preferably
from 0.01 to 0.1. W, Mo, Nb, Ni, Pt and/or Pd may  be added in a metal state
or in a metal oxide state. [0086]  In the same manner as the second metal
group M2, the metal  group of W, Mo, Nb, Ni, Pt and Pd is called a first
metal group Ml.  In the same manner as the above-mentioned [M2], [Ml]
represents the  number of the atoms (per unit volume/per unit weight) of one
or two  or more metal(s) selected from the first metal group. [0087]  If the
value of the expression 2 is less than 0.005, the effect  



of the addition thereof is not produced with ease. In other words,  a large
contact resistance may be generated between Al and the  transparent
electrode or between Al and the pixel electrode. On the  other hand, if the
value of the expression 2 is more than 0.2, the  specific resistance of the
transparent electrode or pixel electrode  may become large and further the
transparent electrode or pixel  electrode may not be etched with ease.
[0088]  (7) The invention is also the sputtering target according to  the
item (5) or (6), wherein the oxide(s) of the metal(s) selected  38 from the
second metal group M2 of lanthanoid-based metals is/are  an oxide or oxides
of one or more metals selected from La, Ce, Ho,  and Er. [0089]  In the case
of adding, in particular, a metal oxide or metal  oxides of Ce, Ho and Er
out of oxides of lanthanoid-based metals  as described above, the
above-mentioned effects and advantages become  more remarkable. Out of these
metals, two kinds may be selected or  metal oxides of all three kinds may be
added since the number of  the selected metal(s) is one or more. [0090]  (8)
The invention is also a sputtering target which is made  of indium oxide,
and comprises: one or two or more metal (s) selected  from the first metal
group Ml consisted of W, No, Nb, Ni, Pt and  Pd, or an oxide or oxides of
the metal(s); an oxide or oxides of  



one or two or more metal(s) selected from the second metal group  M2
consisted of lanthanoid-based metals; and an oxide or oxides of  one or two
or more metal(s) selected from the third metal group M3  consisted of Zn,
Sn, Zr, Ga and Ge. [0091]  As described above, in the invention, a structure
is adopted  wherein the following are simultaneously added: an oxide or
oxides  of one or two or more metal (s) selected from the second metal group
M2consistedof lanthanoid-basedmetals; andoneortwoormoremetal(s) 39 selected
from the first metal group Ml consisted of W, Mo, Nb, Ni,  Pt and Pd, or an
oxide or oxides of the metal(s). [0092]  In the prior art, large contact
resistances are generated  between the Al gate line and the transparent
electrode, between Al  source/drain electrodes and the pixel electrode, and
between the  Al source/drain wirings and the transparent electrode. [0093]
On the other hand, according to the invention, the large contact
resistances generated in the prior art can be made small by the
above-mentioned structure. In other words, the contact resistances  can be
made small to such an extent that the resistances can be  practically
ignored. [0094]  Further addition of the oxide (s) of the metal (s) selected
from  the third metal group M3 consisted of Zn, Sn, Zr, Ga and Ge makes  



it possible to improve the resistance value of the sputtering target  itself
and restrain nodules from being generated. The wording "to  improve the
resistance" herein means that the value of the resistance  is made small.
Additionally, profitable effects as described in the  following are produced
onto the transparent electroconductive film  formed by sputtering using this
sputtering target. [0095]  An improvement in the specific resistance of the
formed  40 transparent electroconductive film can be attained. An
improvement in the etching characteristic of the formed  transparent
electroconductive film can be attained. An improvement in the transparency
of the formed transparent  electroconductive film can be attained. The
wording "an improvement in the specific resistance" herein  means a decrease
in the value of the specific resistance. The wording  "an improvement in the
etching characteristic" herein means that  the film is more easily dissolved
in an etchant used in etching.  The wording "an improvement in the
transparency" herein means the  degree of clearness is improved, resulting
in a matter that the value  of the light-transmittance approaches to 100%.
[0096]  (9) The invention is also the sputtering target according to  the
item (4), wherein the value of [Ml]/([Ml] + [In]), which is the  composition
of one or two or more metal (s) selected from the first  metal group Ml
consisted of W, Mo, Nb, Ni, Pt and Pd, or the metal  



oxide (s) to indium oxide, is from 0.005 to 0.2, the value of [M2]/ ( [M2]
+ [In]), which is the composition of the oxide(s) of one or two or  more
metal (s) selected from the second metal group M2 consisted of
lanthanoid-based metals to indium oxide, is from 0.005 to 2, and  the value
of [M3]/([M3] + [In]), which is the composition of the  oxide(s) of the
metal(s) selected from the third metal group M3  consisted of Zn, Sn, Zr, Ga
and Ge to indium oxide, is from 0.005 41 to 2, wherein the [Ml] represents
the number of the atoms of one  or two or more metal(s) selected from the
first metal group, the  [M2] represents the number of the atoms of one or
two or more metal (s)  selected from the second metal group, the [M3]
represents the number  of the atoms of the metal(s) selected from the third
metal group,  and the [In] represents the number of the atoms of metallic
indium.  [0097] Lanthanoid-based metal oxide(s) As described above, in the
invention, the composition of the  lanthanoid-based metal oxide(s) relative
to indium oxide is as  follows: the value of [In]/([In] + [M2]) = 0.005-0.2.
The [M2] is  described as [lanthanoid-based metal(s)] in some cases. Both of
them  represent the number of the atoms of the lanthanoid-based metal
oxide(s). [0098]  The range "0.005-0.2" of the value of the ratio between
the  atom numbers described in the invention is preferably from 0.01 to
0.15, more preferably from 0.01 to 0.1. 



[0099]  If the value of the expression, which represents the composition  of
the lanthanoid-based metal oxide(s) relative to indium oxide,  is less than
0.005, the effect of the addition thereof may not be  produced. In other
words, a non-negligible contact resistance may  be generated between Al and
the transparent electrode or pixel  42 electrode.  [0100]  On the other
hand, if the above-mentioned value is more than 0.2, the specific resistance
of the transparent electrode or pixel  electrode may become large, or in the
production process the  transparent electrode or pixel electrode may not be
etched with ease.  [0101] Metallic W, Mo, Nb, Ni, Pt and/or Pd, or the metal
oxide(s)  thereof In the invention, the composition of metallic W, Mo, Nb,
Ni,  Pt and/or Pd, or the metal oxide (s) thereof relative to indium oxide
is as follows: [In]/([In] + [Ml]) = 0.005-0.2. The value of this  expression
is preferably from 0.01 to 0.15, more preferably from  0.01 to 0.1. The [Ml]
represents the number of one or two or more  metal (s) selected from the
first metal group, W, No, Nb, Ni, Pt and  Pd. [0102]  W, Mo, Nb, Ni, Pt
and/or Pd in the first metal group Ml may  be added in a metal state or in a
metal oxide state. 



[0103]  If the value of the expression is less than 0.005, the effect  of
the addition of W, Mo, Nb, Ni, Pt and/or Pd may not be produced.
Specifically, about the transparent electrode or pixel electrode  produced
by sputtering using the sputtering target of the invention,  43 a
non-negligible contact resistance may be generated between Al and  the
transparent electrode or between Al and the pixel electrode.  [0104] On the
other hand, if the above-mentioned value is more than  0.2, the specific
resistance of the transparent electrode or pixel  electrode may become
large. Furthermore, in the production process,  the transparent electrode or
pixel electrode may not be etched with  ease. [0105]  Zn, Sn, Zr, Ga and/or
Ge oxide(s) As described above, in the invention, the composition of one  or
more metal oxides selected from Zn, Sn, Zr, Ga and Ge in the third  metal
group M3 relative to indium oxide is as follows: [M3]/([M3]  + [In] ) =
0.005-0.2, wherein the [M3] represents the number per unit  volume or unit
mass of the metal(s) selected from the third metal  group. This expression
represents the atomic composition ratio of  the metal (s) in the third metal
group to indium. The value of this  expression is also substantially a
composition ratio of the oxide(s)  of the metal(s) in the third metal group
M3. [0106]  



If the value of this expression is less than 0.005, the effect  of the
addition thereof is not easily produced. Specifically, about  the
transparent electrode or pixel electrode produced by sputtering  using the
sputtering target of the invention, a non-negligible contact 44 resistance
between Al and the transparent electrode or between Al  and the pixel
electrode may be generated. [0107]  On the other hand, if the
above-mentioned value is more than  0.2, the specific resistance of the
transparent electrode or pixel  electrode may become large, or in the
production process the  transparent electrode or the like may not be etched
with ease.  [0108] (10) The invention is also the sputtering target
according  to the item (8) or (9) wherein the oxide(s) of one or two or more
metal(s) selected from the second metal group M2 consisted of
lanthanoid-based metals is/are an oxide or oxides of one or more  metals of
La, Ce, Ho and Er. [0109]  Of the lanthanoid-based metal oxides, an oxide of
Ce, Ho or  Er is particularly preferred. In the invention, therefore, the
oxide(s) of Ce, He and/or Er is/are adopted. [0110]  (11) The invention is
also a transparent electroconductive  film, which is made mainly of indium
oxide, and comprises: one or  two or more metal (s) selected from the first
metal group Ml consisted  



of W, No, Nb, Ni, Pt and Pd, or an oxide or oxides of the metal(s),  and an
oxide or oxides of one or two or more metal (s) selected from  the second
metal group M2 consisted of lanthanoid-based metals.  45 [0111]  As
described above, in the invention, the following two or more materials are
added to indium oxide.  [0112] One or more metal oxides selected from
lanthanoid-based metal  oxides One or more metals selected from W, Mo, Nb,
Ni, Pt and Pd,  or an oxide or oxides of the metal(s) In the invention,
these are simultaneously added to a  transparent electroconductive film.
Accordingly, in the case of  using the transparent electroconductive film of
the invention to  make a transparent electrode or pixel electrode, contact
resistances  generated: between the Ai gate line and the transparent
electrode;  between the Al source/drain electrodes and the pixel electrode,
between the Al source/drain wirings and the transparent electrode, and
between others can be reduced to a substantially  negligible value. [0113]
On the other hand, in the case of using a conventional  transparent
electroconductive film to make a transparent electrode  or pixel electrode,
contact resistances having a non-negligible value  



are generated between the Al gate line and the transparent electrode,
between the Al source/drain electrodes and the pixel electrode, and 46
between the Al source/drain wirings and the transparent electrode.  [0114]
(12) The invention is also the transparent electroconductive  film according
to the item (11), wherein the value of [M1]/([M1]  + [In]), which is the
composition of one or two or more metal(s)  selected from the first metal
group Ml consisted of W, Mo, Nb, Ni,  Pt and Pd, or the oxide(s) of the
metal(s) to indium oxide, is from  0.005 to 0.2, and the value of [M2]/([M2]
+ [In]), which is the composition of  the oxide (s) of one or two or more
metal (s) selected from the second  metal group M2 of lanthanoid-based
metals to indium oxide, is from  0.005 to 0.2, wherein the [M1] represents
the number of the atoms  of one or two or more metal (s) selected from the
first metal group,  the [M2] represents the number of the atoms of one or
two or more  metal(s) selected from the second metal group, and the [In]
represents  the number of the atoms of indium. [0115]  Lanthanoid-based
metal oxide(s) As described above, in the invention, the composition of the
lanthanoid-based metal oxide(s) relative to indium oxide is set as  follows:
[M2]/([M2] + [In]) = 0.005-0.2. The [M2] represents the  number of the atoms
of one or two or more metal(s) in the second  metal group M2 consisted of
lanthanoid-based metals. This number  



is the number per unit mass or unit volume. The [In] represents the  47
number per unit volume or unit mass of the indium atoms. Accordingly,  this
expression is the composition ratio of the metal (s) in the second  metal
group M2 to indium on the basis of the numbers of the atoms  thereof. This
composition ratio is also the composition ratio of  the oxide(s) of the
metal (s) in the second metal group M2 to indium  oxide. [0116]  This value
is preferably from 0.01 to 0.15, more preferably  from 0.01 to 0.1. [0117]
If the value of the above-mentioned expression, which  represents the
composition of the lanthanoid-based metal oxide(s)  to indium oxide, is less
than 0.005, the effect of the addition thereof  may not produced. In other
words, about the transparent electrode  or pixel electrode wherein this
transparent electroconductive film  is used, a non-negligible contact
resistance may be generated between  Al of other wirings and this
transparent electrode or pixel electrode.  [0118] On the other hand, if the
above-mentioned value is more than  0.2, the specific resistance of the
transparent electrode or pixel  electrode comprising the transparent
electroconductive film of the  invention may become large, or in the
production process the  transparent electrode or pixel electrode may not be
etched with ease.  [0119] 



48 As described above, in the invention, the composition of the
lanthanoid-based metal oxide(s) relative to indium oxide is as  follows:
[M2]/([M2] + [In]) = 0.005-0.2. This composition ratio is  preferably from
0.01 to 0.15, more preferably from 0.01 to 0.1. Metallic W, Mo, Nb, Ni, Pt
and/or Pd, or the metal oxide(s)  thereof In the invention, the composition
of the metal (s) in the first  metal group consisted of W, Mo, Nb, Ni, Pt
and Pd, or the metal oxide (s)  thereof relative to indium oxide is as
follows: [In]/([In] + [Ml])  = 0.005-0.2. The value of this expression is
more preferably from  0.01 to 0.15, even more preferably from 0.01 to 0.1.
W, Mo, Nb, Ni,  Pt and/or Pd may be added in a metal state or in a metal
oxide state.  [0120] Ml is a generic term of the first metal group consisted
of  W, Mo, Nb, Ni, Pt and Pd, and the [Ml] represents the number per  unit
mass or unit volume one or two or more metal(s) in the first  metal group.
The [In] represents the number of the atoms of indium  per unit mass or unit
volume, as described above. [0121]  If the value of the above-mentioned
expression is less than  0.005, the effect of the addition of W, Mo, Nb, Ni,
Pt and/or Pd  may not be produced. Specifically, about the transparent
electrode  or pixel electrode wherein the transparent electroconductive film
of the invention is used, a non-negligible contact resistance may 49 



be generated between Al and the transparent electrode or between  Al and the
pixel electrode. [0122]  On the other hand, if the value of the expression
is more than  0.2, the specific resistance of the transparent electrode or
pixel  electrode comprising the transparent electroconductive film of the
invention may become large. Furthermore, in the production process,  this
transparent electrode or pixel electrode may not be etched with  ease.
[0123]  (13) The invention is also the transparent electroconductive  film
according to the item (11) or (12) wherein the oxide(s) of the  metal(s)
selected from the second metal group M2 consisted of  lanthanoid-based
metals is/are an oxide or oxides of one or more  metals of La, Ce, Ho and
Er. [0124]  To adopt an oxide or oxides of Ce, Ho and/or Er out of the
lanthanoid-based metal oxides in this way is preferable. [0125]  (14) The
invention is also a transparent electroconductive  film which is made mainly
of indium oxide, and comprises: one or  two or more metal (s) selected from
the first metal group Ml consisted  of W, Mo, Nb, Ni, Pt and Pd, or an oxide
or oxides of the metal(s),  an oxide or oxides of one or two or more metal
(s) selected from the  50 second metal group M2 consisted of
lanthanoid-based metals, and an  



oxide or oxides of one or two or more metal(s) selected from the  third
metal group M3 consisted of Zn, Sn, Zr, Ga and Ge. [0126]  As described
above, in the invention, adopted is a structure  wherein an oxide or oxides
of one or two or more metal(s) selected  from the lanthanoid-based metal
group (second metal group) consisted  of lanthanoid-based metals, and one or
two or more metal (s) selected  from the first metal group Ml consisted of
W, Mo, Nb, Ni, Pt and  Pd, or an oxide or oxides of the metal (s) are
simultaneously added.  [0127] In the case of using a conventional
transparent  electroconductive f ilm as a transparent electrode or pixel
electrode,  large contact resistances are generated: between the Al gate
line and the transparent electrode;  between the Al source/drain electrodes
and the pixel electrode;  between the Al source/drain wirings and the
transparent  electrode; and between others.  [0128] On the other hand, in
the case of using the transparent  electroconductive film of the invention
to make a transparent  electrode or pixel electrode, the large values of the
contact  resistances generated in the prior art can be made small. In other
51 words, the contact resistances can be made small into a non-negligible
extent. 



[0129]  Furthermore, when an oxide or oxides of one or two or more  metals
selected from Zn, Sn, Zr, Ga and Ge (the third metal group  M3) are added
thereto, useful effects as described below can be  produced. [0130]  An
improvement in the specific resistance of the formed  transparent
electroconductive film can be attained. An improvement in the etching
characteristic of the formed  transparent electroconductive film can be
attained. An improvement in the transparency of the formed transparent
electroconductive film can be attained. The wording "an improvement in the
specific resistance" herein  means a decrease in the value of the specific
resistance. The wording  "an improvement in the etching characteristic"
herein means that  the film is more easily dissolved in an etchant used in
etching.  The wording "an improvement in the transparency" herein means that
the value of the light transmittance approaches to 100%. [01311  (15) The
invention is also the transparent electroconductive  film according to the
item 14 wherein the value of [Ml] / ([Ml] + [In]) ,  which is the
composition of one or two or more metal(s) selected 52 from the first metal
group Ml consisted of W, Mo, Nb, Ni, Pt and  Pd, or the metal oxide(s) to
indium oxide, is from 0.005 to 0.2,  the value of [M2]/([M2] + [In]), which
is the composition of the  



oxide(s) of one or two or more metal(s) selected from the second  metal
group M2 consisted of lanthanoid-based metals to indium oxide,  is from
0.005 to 2, and the value of [M3]/([M3] + [In]), which is  the composition
of the oxide(s) of the metal(s) selected from the  third metal group M3
consisted of Zn, Sn, Zr, Ga and Ge to indium  oxide, is from 0.005 to 2,
wherein the [Ml] represents the number  of the atoms of one or two or more
metal (s) selected from the first  metal group, the [M2] represents the
number of the atoms of one or  two or more metal (s) selected from the
second metal group, the [M3]  represents the number of the atoms of the
metal(s) selected from  the third metal group, and the [In] represents the
number of the  indium atoms. [0132]  Lanthanoid-based metal oxide(s) As
described above, in the invention, the composition of the  oxide(s) of the
lanthanoid-based metal group (second metal group)  relative to indium oxide
is set as follows: [M2]/([In] + [M2]) =  0. 005-0.2. M2 is a generic term of
the second metal group consisted  of lanthanoid-based metals, and the [M2]
represents the number of  the atoms of one or two or more metal(s) selected
from the second  metal group. This [M2] is the number per unit mass or unit
weight.  53 As described above, the [In] represents the number per unit mass
or unit weight of the indium atoms. Accordingly, the above-mentioned
expression represents the ratio of the atom number of the metal(s)
contained in the second metal group to that of indium. The value  



of this expression is simultaneously the composition ratio of the  oxide (s)
of the metal (s) contained in the second metal group to indium  oxide.
[0133]  This value is preferably from 0.01 to 0.15, more preferably  from
0.01 to 0.1. [0134]  If the value of the expression, which represents the
composition  of the lanthanoid-based metal oxide(s) relative to indium
oxide,  is less than 0.005, the effect of the addition thereof may not be
produced. In other words, a non-negligible contact resistance may  be
generated between Al and the transparent electrode or pixel  electrode
comprising the transparent electroconductive film of the  invention. [0135]
On the other hand, if the above-mentioned value is more than  0.2, the
specific resistance of the transparent electrode or pixel  electrode
comprising the transparent electroconductive film of the  invention may
become large. Furthermore, in the production process,  this transparent
electrode or pixel electrode may not be etched with 54 ease. [0136]
Metallic W, Mo, Nb, Ni, Pt and/or Pd, or the metal oxide(s)  thereof In the
invention, the composition of the metal (s) in the first  



metal group M1 consisted of W, Mo, Nb, Ni, Pt and Pd, or the metal  oxide(s)
thereof relative to indium oxide is as follows: [Ml]/([In]  + [Ml]) =
0.005-0.2. As described above, the [Ml] represents the  number of the atoms
of one or two or more metal (s) in the first metal  group. This number is
the number per unit mass or unit volume.  [0137] The value of this
expression is more preferably from 0.01 to  0.15, even more preferably from
0.01 to 0. 1. W, Mo, Nb, Ni, Pt and/or  Pd may be added in a metal state or
in a metal oxide state.  [0138] If the value of the expression is less than
0.005, the effect  of the addition of W, Mo, Nb, Ni, Pt and/or Pd may not be
produced.  Specifically, about the transparent electrode or pixel electrode
comprising the transparent electroconductive film of the invention,  a
non-negligible contact resistance may be generated between Al and  the
transparent electrode or between Al and the pixel electrode.  [0139] On the
other hand, if the value of the expression is more than  0.2, the specific
resistance of the transparent electrode or pixel  55 electrode comprising
the transparent electroconductive film of the  invention may become large.
Furthermore, in the production process,  this transparent electrode or pixel
electrode may not be etched with  ease. [0140]  Zn, Sn, Zr, Ga and/or Ge
oxide(s) 



As described above, in the invention, the composition of one  or more metal
oxides selected from the third metal group M3 consisted  of Zn, Sn, Zr, Ga
and Ge relative to indium oxide is as follows:  [M3]/([M3] + [In])
=0.005-0.2, wherein the [M3] represents the number  of the atoms of the
metal(s) selected from the third metal group.  Thus, this expression
represents the composition ratio (the atom  number) of the metal (s) in the
third metal group M3 to indium. This  value simultaneously represents the
composition ratio of the oxide(s)  of the metal(s) selected in the third
metal group to indium oxide.  [0141] If the value (composition ratio) of
this expression is less  than 0.005, the effect of the addition thereof is
not easily produced.  Specifically, about the transparent electrode or pixel
electrode  comprising the transparent electroconductive film of the
invention,  a non-negligible contact resistance may be generated between Al
and  the transparent electrode or between Al and the pixel electrode.
[0142] On the other hand, if the above-mentioned value is more than  56 0.2,
the specific resistance of the transparent electrode or pixel  electrode
wherein the transparent electroconductive film of the  invention is used may
become large, or in the production process  the transparent electrode or
pixel electrode may not be etched with  ease. [0143]  (16) The invention is
also the sputtering target according  



to the item (14) or (15) wherein the oxide (s) of one or more metal (s)
selected from the second metal group M2 consisted of lanthanoid-based
metals is/are an oxide or oxides of one or more metals of La, Ce,  Ho and
Er. [0144]  To adopt an oxide or oxides of Ce, He and/or Er out of the
lanthanoid-based metal oxides in this way is preferable. [0145]  (17) The
invention is also a transparent electroconductive  glass substrate,
comprising: a glass substrate; a transparent  electroconductive film which
is formed over the glass substrate,  is made mainly of indium oxide, and
comprises one or two or more  metal (s) selected from the first metal group
M1 consisted of W, Mo,  Nb, Ni, Pt and Pd, or an oxide or oxides of the
metal(s), and an  oxide or oxides of one or two or more metal(s) selected
from the  second metal group M2 consisted of lanthanoid-based metals; and a
metal thin film which is formed over the glass substrate and is made  57
mainly of Al or Ag.  [0146]  As described above, in the invention, adopted
is a structure wherein an oxide or oxides of one or two or more metal(s)
selected  from the second metal group M2 consisted of lanthanoid-based
metals,  and one or two or more metal (s) selected from the first metal
group  M1 consisted of W, Mo, Nb, Ni, Pt and Pd, or an oxide or oxides of
the metal (s) are simultaneously added (called a simultaneously-added  



structure). [0147]  The transparent electroconductive glass of the invention
can  be usedas a substrate having a transparent electrode orpixel electrode
by using a transparent electroconductive film as the transparent  electrode
or pixel electrode. When Al is adopted, the metal thin  film of the
invention can constitute an Al gate line or Al source/drain  electrodes.
Accordingly, the transparent electroconductive glass  substrate of the
invention can be used as a substrate with wirings.  [0148] In such a case, a
conventional transparent electroconductive  glass causes large contact
resistances: between the Al gate line and the transparent electrode;
between theAl source/drain electrodes and the pixel electrode;  between the
Al source/drain wirings and the transparent electrode; and between others.
On the other hand, the transparent  58 electroconductive glass of the
invention does not cause any large  contact resistance. [0149]  In the case
of using Ag for the metal thin film, a Ag gate  line, and Ag source/drain
electrodes can be made. In this case also,  the same effects and
advantageous as in the case of Al are produced.  [0150] As described above,
according to the invention, large contact  resistance values generated in
the prior art can be made small by  



the above-mentioned structure (the simultaneously-added structure).  In
other words, the contact resistances can be made small to a  practically
negligible extent. [0151]  Furthermore, a transparent electroconductive
glass having a  lower resistance can be obtained by adopting a structure
wherein  Al or Ag is laminated thereto. Such a transparent electroconductive
glass is also called a laminated transparent electroconductive glass.
[0152] Use of Al or Ag In this item (17) and the item (20) which will be
described  later, Al or anAl alloy is preferably used for agate line,
source/drain  electrodes or wirings. In this case, they are called an Al
gate line  and Al source/drain electrodes. An alloy made mainly of Al is
frequently used. Al or the Al alloy used for these is made mainly 59 of Al,
and may contain a heavy metal in groups from IIIa to VIIIa  in the periodic
table, or a lanthanoid-based metal. It is desired  to contain, for example,
Nd, Ni, Co or Zr. The content thereof, which  depends on the performance of
a desired Al gate line or Al source/drain  electrodes, is preferably from
about 0.1 to 5% by weight, more  preferably from about 0.5 to 2.0% by
weight. [0153]  If the content is less than 0.1% by weight, the effect of
the  addition may not be produced. If the content is 0.1% by weight,
projections such as hillocks may be generated on the Al thin film.  



[0154] On the other hand, if the content is more than 0.5% by weight,  the
resistance of Al itself (the Al alloy itself) may become large.  [0155] In
the invention, Ag or an Ag alloy also is preferably used  for its gate line,
source/drain electrodes or wiring. A reflecting  electrode, on which light
is reflected, may be formed therein; for  this reflecting electrode also, Ag
or an Ag alloy is preferably used  in some cases. [0156]  In the case of
using Ag, they are called an Ag gate line, Ag  source/drain electrodes, and
the like. Ag or the Ag alloy used for  these is made mainly of Ag, and may
contain a heavy metal in groups  from IIIa to Villa in the periodic table,
or a lanthanoid-based metal. 60 It is desired to contain, for example, Nd,
Ni, Co or Zr. The content  thereof, which depends on the performance of a
desired Al gate line,  Al source/drain electrodes, wirings or reflecting
electrode, is  preferably from about 0.1 to 5% by weight, more preferably
from about  0.5 to 2.0% by weight. [0157]  If the content is less than 0.1%
by weight, the effect of the  addition may not be produced. If the content
is 0.1% by weight,  projections such as hillocks may be generated on the Ag
thin film  or the adhesiveness of the Ag thin film may fall. [0158]  



On the other hand, if the content is more than 0.5% by weight,  the
resistance of Ag itself (the Ag alloy itself) may become large.  [0159] (18)
The invention is also the transparent electroconductive  glass substrate
according to the item 17, wherein the value of  [Ml]/([M1] + [In]), which is
the composition of one or two or more  metal (s) selected from the first
metal group Ml consisted of W, Mo,  Nb, Ni, Pt and Pd, or the metal oxide(s)
to indium oxide, is from  0.005 to 0.2, and the value of [M2]/([M2] + [In]),
which is the  composition of the oxide(s) of one or two or more metal(s)
selected  from the second metal group M2 of lanthanoid-based metals to
indium  oxide, is from 0.005 to 0.2, wherein the [Ml] represents the number
of the atoms of one or two or more metal (s) selected from the first  61
metal group, and the [M2] represents the number of the atoms of one  or two
or more metal(s) selected from the second metal group.  [0160]
Lanthanoid-based metal oxide(s) As described above, in the invention, the
composition of the  lanthanoid-based metal oxide(s) relative to indium oxide
is as  follows: In/(In + lanthanoid-based metal(s)) = 0.005-0.2  [0161] This
value is preferably from 0.01 to 0.15, more preferably  from 0.01 to 0.1.
[0162]  



If the value of the expression, which represents the composition  of the
lanthanoid-based metal oxide(s) relative to indium oxide,  is less than
0.005, the effect of the addition thereof may not be  produced. In other
words, a non-negligible contact resistance may  be generated between the
metal thin film made mainly of Al or Ag  and the transparent elect
roconductive f i lm (constituting, forexample,  the transparent electrode or
pixel electrode). [0163]  On the other hand, if the above-mentioned value is
more than  0.2, the specific resistance of the transparent electroconductive
film of the invention (constituting, for example, the transparent  electrode
or pixel electrode) may become large. Furthermore, in the  62 production
process, this transparent electroconductive film may not  be etched with
ease. [0164]  Metallic W, Mo, Nb, Ni, Pt and/or Pd, or the metal oxide(s)
thereof In the invention, adopted is a structure wherein the composition  of
metallic W, Mo, Nb, Ni, Pt and/or Pd, or the metal oxide (s) thereof
relative to indium oxide is as follows: In/(In + (W, Mo, Nb, Ni,  Pt and/or
Pd)) = 0.005-0.2. The value of this expression is more  preferably from 0.01
to 0.15, even more preferably from 0.01 to 0. 1.  W, Mo, Nb, Ni, Pt and/or
Pd may be added in a metal state or in a  metal oxide state. [0165]  



If the value of the expression is less than 0.005, the effect  of the
addition of W, Mo, Nb, Ni, Pt and/or Pd may not be produced.  Specifically,
a non-negligible contact resistance may be generated  between the
transparent electroconductive film of the invention  (constituting, for
example, the transparent electrode or pixel  electrode) and the metal thin
film made mainly of Al or Ag.  [0166] On the other hand, if the value of the
expression is more than  0.2, the specific resistance of the transparent
electroconductive  film of the invention (for example, the transparent
electrode or  pixel electrode) may become large. Furthermore, in the
production  63 process, this transparent electroconductive film may not be
etched  with ease. [0167]  Lamination  When the transparent
electroconductive film having a composition as described above and the metal
thin film are laminated  on each other in this way, a lower-resistance
transparent  electroconductive glass can be provided. [0168]  (19) The
invention is also the transparent electroconductive  glass substrate
according to the item (17)or(18),whereintheoxide(s)  of one or more metal(s)
selected from the second metal group M2  consisted of lanthanoid-based
metals is/are an oxide or oxides of  one or more metals of La, Ce, Ho and
Er. 



[0169]  It is more effective to use, in particular, an oxide or oxides
comprising one or more metal(s) of Ce, Ho and Er in this way out  of the
lanthanoid-based metal oxides. The oxide(s) can be preferably  used. [0170]
(20) The invention is also a transparent electroconductive  glass substrate,
comprising: a glass substrate; a transparent  electroconductive film which
is formed over the glass substrate,  is made mainly of indium oxide, and
comprises one or two or more 64 metal (s) selected from the first metal
group Ml consisted of W, Mo,  Nb, Ni, Pt and Pd, or an oxide or oxides of
the metal(s), an oxide  or oxides of one or two or more metal(s) selected
from the second  metal group M2 consisted of lanthanoid-based metals, and an
oxide  or oxides of one or two or more metal(s) selected from the third
metal group M3 consisted of Zn, Sn, Zr, Ga and Ge; and a metal thin  film
which is formed over the glass substrate and is made mainly  of Al or Ag.
[0171]  As described above, in the invention, adopted is a structure
wherein an oxide or oxides of one or two or more metal(s) selected  from the
second metal group M2 consisted of lanthanoid-based metals,  and one or two
or more metal (s) selected from the first metal group  Ml consisted of W,
Mo, Nb, Ni, Pt and Pd, or an oxide or oxides of  the metal (s) are
simultaneously added (called a simultaneously-added  



structure). [0172]  The transparent electroconductive glass of the invention
can  be used as a substrate having a transparent electrode orpixel electrode
by using a transparent electroconductive film as the transparent  electrode
or pixel electrode. When Al is adopted, the metal thin  film of the
invention can constitute anAl gate line or Al source/drain  electrodes.
Accordingly, the transparent electroconductive glass  substrate of the
invention can be used as a substrate with wirings. 65 [0173]  In such a
case, a conventional transparent electroconductive glass causes large
contact resistances: between the Al gate line and the transparent electrode,
between theAlsource/drain electrodes and the pixel electrode,  between the
Al source/drain wirings and the transparent electrode, and between others.
On the other hand, the transparent  electroconductive glass of the invention
does not cause any large  contact resistance. [0174]  In the case of using
Ag for the metal thin film, a Ag gate  line, and Ag source/drain electrodes
can be made. In this case also,  the same effects and advantageous as in the
case of Al are produced.  [0175] As described above, according to the
invention, large contact  resistance values generated in the prior art can
be made small by  



the above-mentioned structure(thesimultaneously- addedstructure)  In other
words, the contact resistances can be made small to a  practically
negligible extent. [0176]  Furthermore, when an oxide or oxides of one or
more metals  selected from Zn, Sn, Zr, Ga and Ge are added, useful effects
described  below are produced on the transparent electroconductive film on
the  transparent electroconductive glass. 66 [0177]  An improvement in the
specific resistance of the formed transparent electroconductive film can be
attained. An improvement in the etching characteristic of the formed
transparent electroconductive film can be attained. An improvement in the
transparency of the formed transparent  electroconductive film can be
attained. The wording "an improvement in the specific resistance" herein
means a decrease in the value of the specific resistance. The wording  "an
improvement in the etching characteristic" herein means that  the film is
more easily dissolved in an etchant used in etching.  The wording "an
improvement in the transparency" herein means that  the value of the light
transmittance is improved. The adoption of  the structure wherein Al or Ag
is laminated makes it possible to  give a transparent electroconductive
glass having a lower resistance.  [0178] Such a transparent
electroconductive glass may be called a  



laminated transparent electroconductive glass. [0179]  In the item (20)
also, Al or an Al alloy is preferably used  for a gate line, source/drain
electrodes or wirings, as described  in the item (17) . The content thereof
is the same as in the item  (13). [0180] 67 (21) The invention is also the
transparent electroconductive  glass substrate according to the item 20,
wherein the value of  [Ml]/([Ml] + [In]), which is the composition of one or
two or more  metal (s) selected from the first metal group Ml consisted of
W, Mo,  Nb, Ni, Pt and Pd, or the metal oxide(s) to indium oxide, is from
0.005 to 0.2, the value of [M2]/([M2] + [In]), which is the composition of
the oxide (s) of one or two or more metal (s) selected from the second
metal group M2 consisted of lanthanoid-based metals to indium oxide,  is
from 0.005 to 2, and the value of [M3]/([M3] + [In]), which is the
composition of  the oxide(s) of the metal(s) selected from the third metal
group  M3 consisted of Zn, Sn, Zr, Ga and Ge to indium oxide, is from 0. 005
to 2, wherein the [Ml] represents the number of the atoms of one  or two or
more metal(s) selected from the first metal group, the  [M2] represents the
number of the atoms of one or two or more metal (s)  selected from the
second metal group, the [M3] represents the number  of the atoms of the
metal(s) selected from the third metal group,  



and the [In] represents the number of the indium atoms. [0181]
Lanthanoid-based metal oxide(s) As described above, in the invention, the
composition of the  lanthanoid-based metal oxide(s) relative to indium oxide
is as  follows: 68 In/(In + lanthanoid-based metal(s)) = 0.005-0.2  [0182]
This value is preferably from 0.01 to 0.15, more preferably  from 0.01 to
0.1. [0183]  If the value of the expression, which represents the
composition  of the lanthanoid-based metal oxide(s) relative to indium
oxide,  is less than 0.005, the effect of the addition thereof may not be
produced. In other words, a non-negligible contact resistance may  be
generated between the metal thin film made mainly of Al or Ag  and the
transparent electroconductive film (constituting, for example,  the
transparent electrode or pixel electrode). [0184]  On the other hand, if the
above-mentioned value is more than  0.2, the specific resistance of the
transparent electroconductive  film of the invention (constituting, for
example, the transparent  electrode or pixel electrode) may become large. In
the production  process, this transparent electroconductive film may not be
etched  with ease. 



[0185]  Metallic W, Mo, Nb, Ni, Pt and/or Pd, or the metal oxide(s)  thereof
In the invention, adopted is a structure wherein the composition  of
metallic W, Mo, Nb, Ni, Pt and/or Pd, or the metal oxide (s) thereof  69
relative to indium oxide is as follows: In/(In + (W, Mo, Nb, Ni,  Pt and/or
Pd)) = 0.005-0.2. The value of this expression is more  preferably from 0.01
to 0.15, even more preferably from 0.01 to 0.1.  W, Mo, Nb, Ni, Pt and/or Pd
may be added in a metal state or in a  metal oxide state. [0186]  If the
value of the expression is less than 0.005, the effect  of the addition of
W, Mo, Nb, Ni, Pt and/or Pd may not be produced.  Specifically, a
non-negligible contact resistance may be generated  between the transparent
electroconductive film of the invention  (constituting, for example, the
transparent electrode or pixel  electrode) and the metal thin film made
mainly of Al or Ag.  [0187] On the other hand, if the value of the
expression is more than  0.2, the specific resistance of the transparent
electroconductive  film of the invention (for example, the transparent
electrode or  pixel electrode) may become large. Furthermore, in the
production  process, this transparent electroconductive film may not be
etched  with ease. [0188]  



Zn, Sn, Zr, Ga and/or Ge oxide(s) As described above, in the invention, the
composition of an  oxide or oxides of one or more metals selected from Zn,
Sn, Zr, Ga  and Ge to indium oxide is as follows: In/ (In + (Zn, Sn, Zr, Ga
and/or  70 Ge)) = 0.005-0.2.  [0189]  If the value of this expression is
less than 0.005, the effect of the addition thereof is not easily produced.
Specifically, a  non-negligible contact resistance may be generated between
the  transparent electroconductive film of the invention (constituting,  for
example, the transparent electrode or pixel electrode) and the  metal thin
film made mainly of Al or Ag. [0190]  On the other hand, if the value of the
expression is more than  0.2, the specific resistance of the transparent
electroconductive  film of the invention (or the transparent electrode or
pixel electrode  wherein the transparent electroconductive film is used) may
become  large. Furthermore, if the value of the expression is more than 0.2,
in the case of intending to etch the transparent electroconductive  film to
form the transparent electrode or pixel electrode in the  production
process, this transparent electroconductive film may not  be etched with
ease. [0191]  Lamination  When the transparent electroconductive film having
a 



composition as described above and the metal thin film are laminated  on
each other in this way, a lower-resistance transparent  electroconductive
glass can be provided. 71 [0192]  (22) The invention is also the transparent
electroconductive glass substrate according to the item (20) or (21) ,
whereinthe oxide (s)  of one or more metal(s) selected from the second metal
group M2  consisted of lanthanoid-based metals is/are an oxide or oxides of
one or more metals of La, Ce, Ho and Er. [0193]  It is more effective to
use, in particular, an oxide or oxides  comprising one or more metals of Ce,
Ho and Er in this way out of  the lanthanoid-based metal oxides. The
oxide(s) can be preferably  used. [0194]  Specific manner of the lamination
As described in the items (5) to (22), a structure wherein  a metal oxide
electroconductive film and a metal thin film are laminated  on each other
may be adopted in the invention. The following will  describe this case.
[0195]  The manner of laminating this metal oxide transparent
electroconductive film and the metal thin film, which is made mainly  of Al
or Ag, on each other is classified into various forms.  [0196] 



a. Metal oxide/metal thin film made mainly of Al or Ag/metal  oxide 72 b.
Metal oxide/metal thin film made mainly of Al or Ag/metal  oxide/metal thin
film made mainly of Al or Ag/metal oxide The laminate a has three layers,
and the laminate b has five  layers. Of course, it is preferred to adopt a
seven-layered structure  or the like. [0197]  In this case, the film
thickness of the metal thin film made  mainly of Al or Ag is from 1 to 20
nm. The film thickness is preferably  from 5 to 15 nm, more preferably from
5 to 10 nm. If the film thickness  is 1 nm or less, the laminated metal film
does not become a "thin  film" but may become a sea-island structure. Thus,
the advantageous  effects of the invention may not be obtained. On the other
hand,  if the film thickness of the metal thin film is 20 nm or more, the
light transmittance of the laminated metal thin film may be lowered.  As a
result, an effect may be actually produced on the "transparency"  of the
transparent electroconductive film formed to be overlapped  thereon. [0198]
In the invention, the transparent electroconductive film made  of a metal
oxide and the metal thin film made mainly of Al or Ag  are frequently
laminated on each other; the meaning of the wording  "being laminated"
includes a case where (not the whole of the  transparent electroconductive
film, which is made of the metal oxide,  



but) a part of the transparent electroconductive film contacts the 73 metal
thin film. Examples of the electrode structure in this case  include a case
where the transparent electroconductive film contacts  a part of the metal
thin film having a width of, e.g., 20 pm and  covers the whole of the metal
thin film. In other words, the two  overlap with each other as viewed in a
plan view thereof, but only  parts thereof contact each other as viewed in a
sectional view thereof.  [0199] In such a case, the thickness of the metal
thin film is from  20 to 500 rim, more preferably from 30 to 300 nm, even
more preferably  from 50 to 200 nm. If the film thickness is 20 nm or less,
the effect  of decreasing the resistance may be small. On the other hand, if
the film thickness is 500 nm or more, a level difference in the thin  film
is large so that the contact thereof with the transparent  electroconductive
film may become poor. [0200]  The width of the metal thin film can be
appropriately selected,  and is, for example, from 1 to 100 m. This value is
preferably from  5 to 50 pm, more preferably from 10 to 30 pm. [0201]  If
the width of the metal thin film is 1 pm or less, the  resistance-decreasing
effect may be too small. On the other hand,  if the width of the metal thin
film is 100 pm or more, the light  transmittance (numerical aperture) may
decline. However, the width  is not limited to this range in the case of
using the lamination  



74 of the metal thin film and the transparent electroconductive film  as a
reflecting electrode. [0202]  Third group: means A. Invention of a process
for producing a thin film transistor  substrate (23) Thus, in order to solve
the above-mentioned problems,  the invention is a process for producing a
thin film transistor  substrate, comprising: a first conductor forming step
of using an  Al alloy comprising one or more metals selected from a metal
group  Ml consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and Er to form,
over a transparent insulating substrate, a first conductor which  is any
conductor contained in a conductor group El consisted of a  gate, a source
and a drain; an insulation film forming step of forming  an insulation film
to cover the formed first conductor and the  transparent insulating
substrate; a contact hole making step of making  a contact hole in the
formed insulation film; and an electrically  connecting step which is a step
of forming a second conductor comprising  a transparent film electrode onto
the insulation film, and which  is a step of connecting the second conductor
and the first conductor  electrically to each other through the contact
hole. [0203]  In the present patent, a gate electrode and a gate wiring are
together called a gate, and a source electrode and a source wiring 75 



are together called a source. A drain electrode may be called merely  a
drain. A source and a drain are together denoted as a source/drain.  A first
conductor is specifically the gate, source and drain, and  a second
conductor is the pixel electrode. [0204]  Since the first conductor has a
mono-layered structure, the  conductor can be etched with one etching
solution at a time. The first conductor is a layer which is made mainly of
Al and  further comprises one or more metals selected from the metal group
Ml consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and Er. Therefore,  the
first conductor is low in contact resistance with the second  conductor.
Furthermore, in order to restrain the generation of hillocks  or improve the
corrosion resistance of the first conductor, it is  also preferred to add,
to the first conductor, Cu, Si, a rare earth  element or the like as a third
metal besides Al and the one or two  or more metal (s) selected from the
metal group Ml. In order to make  use of a low electric resistance of Al at
this time, it is preferred  that the addition amount of the third metal is
controlled to such  an extent that the specific resistance of the first
conductor does  not exceed 10 NS2cm. Herein, the first metal is Al and the
second  metal is one or more metal (s) selected from the metal group Ml. Cu,
Si, the rare earth element or the like, which is added as described  above,
is called the third metal since the added element is a third  76 component
for these metals.  



[0205] In the case of incorporating one or more metals selected from  the
metal group Ml consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho  and Er into
the first conductor, effects of restraining the generation  of hillocks and
improving the corrosion resistance can be obtained  in the same manner as in
the case of incorporating the third metal.  For this reason, the generation
of hillocks and corrosion can be  restrained even in the case of not
incorporating the third metal.  [0206] The second conductor is connected to
the first conductor through  the contact hole made in the insulation film.
Accordingly, the pixel  electrode neither contacts wirings of the gate nor
the source directly,  so that inconveniences such as a short circuit are not
easily caused.  [0207] The first conductor is formed into a film by
sputtering using  an Al alloy target containing one or more metals selected
from the  metal group Ml consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and
Er. This Al alloy target is produced by a vacuum melting process,  a spray
forming process or the like. An Al alloy thin film formed  by use of this Al
alloy target is patterned by etching with a mixed  acid of phosphoric acid,
acetic acid and nitric acid, thereby forming  the first conductor. [0208] 77
B. Invention of a thin film transistor (24) The invention is also a thin
film transistor, comprising  



a transparent insulating substrate, and a first conductor which is  formed
over the transparent insulating substrate and is any conductor  contained in
a conductor group El consisted of a gate, a source and  a drain, wherein the
first conductor comprises an Al layer made of  an Al alloy comprising one or
more metals selected from a metal group  Ml consisted of W, Mo, La, Nb, Fe,
Pd, Pt, Ce, Ho and Er to form,  and is connected to a second conductor made
of a transparent film  electrode through a contact hole made in the
insulation film over  the first conductor. [0209]  The first conductor is
made of a layer comprising not only  pure Al or an Al alloy but also one or
more metals selected from  the metal group Ml consisted of W, Mo, La, Nb,
Fe, Pd, Pt, Ce, Ho  and Er, thereby having a low contact resistance with the
second  conductor. [0210]  About the first conductor, it is also preferred
to add thereto  Cu, Si, a rare earth element or the like besides Al and the
one or  two or more metal(s) selected from the metal group Ml in order to
restrain the generation of hillocks or improve the corrosion  resistance. At
this time, it is preferred to control the addition  amount of the third
metal into such an extent that the specific 78 resistance of the first
conductor is not more than 10 N12cm in order  not to make the specific
resistance of Al too high. Herein, the first  metal is Al, and the second
metal is the one or two or more metal (s)  



selected from the metal group Ml. The first conductor is formed into a film
by sputtering using  an Al alloy target containing one or more metals
selected from the  metal group Ml consisted of W, Mo, La, Nb, Fe, Pd, Pt,
Ce, Ho and  Er. This Al alloy target is produced by a vacuum melting
process,  a spray forming process or the like. An Al alloy thin film formed
by use of this Al alloy target is patterned by etching with a mixed  acid of
phosphoric acid, acetic acid and nitric acid, thereby forming  the first
conductor. [0211]  (25) The invention is also the thin film transistor
according  to the item (24) , wherein the first conductor comprises the Al
layer  comprising 0.5 to 5% by weight of the one or two or more metal(s)
selected from the metal group Ml. [0212]  In the Al layer of the first
conductor, the content of the  one or two or more metal (s) selected from
the metal group Ml is from  0.5 to 5% by weight, preferably from 1 to 3% by
weight. If the content  is less than 0.5% by weight, it may be difficult to
restrain the  contact resistance between the first and second conductors. On
the  other hand, if the content is more than 5% by weight, the specific  79
resistance of the whole of the first conductor may become high.  [0213] C.
Invention of a thin film transistor substrate (26) The invention is also a
thin film transistor substrate,  



comprising: a transparent insulating substrate; an insulation film  which is
formed over the transparent insulating substrate, comprises  a first
conductor which is any conductor contained in a conductor  group El
consisted of a gate, a source and a drain, and is further  formed to cover
at least the transparent insulating substrate; and  a second conductor
formed over the insulation film, wherein the first  conductor comprises an
Al layer made of an Al alloy comprising one  or more metals selected from a
metal group M1 consisted of W, Mo,  La, Nb, Fe, Pd, Pt, Ce, Ho and Er, the
insulation film has a given  contact hole which penetrates through this film
in the direction  of the first conductor and second conductor, the second
conductor  is made of a transparent film electrode, and the second conductor
is electrically connected to the Al layer of the first conductor  through
the contact hole. [0214]  The first conductor can be etched with a single
etching solution  at a time since the conductor is made of a single layer.
Therefore,  the thin film transistor substrate of the invention can be more
easily  produced. [0215] 80 The second conductor is connected to the first
conductor through  the contact hole made in the insulation film; therefore,
the pixel  electrode neither contacts wirings of the gate nor the source
directly,  so that inconveniences such as a short circuit are not easily
caused.  [0216] 



(27) The invention is also the thin film transistor substrate  according to
the item (26), wherein the transparent film electrode  comprises any one of
indium oxide, tin oxide, indium tin oxide, and  indium zinc oxide, and zinc
oxide. [0217]  In the case that the second conductor comprises any one of
indium oxide, tin oxide, indium tin oxide, and indium zinc oxide,  and zinc
oxide, the contact resistance thereof with the first conductor  is lowered.
[0218]  (28) The invention is also the thin film transistor substrate
according to the item (26) or (27), wherein the first conductor  comprises
the Al layer comprising 0.5 to 5% by weight of the one  or two or more
metal(s) selected from the metal group Ml. [0219]  In the Al layer of the
first conductor, the content of the  one or two or more metal (s) selected
from the metal group Ml is from  0.5 to 5% by weight, preferably from 1 to
3% by weight. If the content  is less than 0.5% by weight, it may be
difficult to restrain the  81 contact resistance between the first and
second conductors. On the  other hand, if the content is more than 5% by
weight, the specific  resistance of the whole of the first conductor may
become high.  [0220] D. Invention of a liquid crystal display (2) The
invention is also a liquid crystal display, comprising  



the thin film transistor substrate according to any one of the items  (26)
to (28), and a liquid crystal layer which is driven by the thin  film
transistor substrate. The second conductor is connected directly to the
first  conductor through the contact hole made in the insulation film
without  interposing any layer having a low light transmittance. Thus, the
liquid crystal display has a high numerical aperture. The liquid crystal
display of the invention produces the same  effects and advantages as in the
items (26) to (28) since the liquid  crystal display has the thin film
transistor substrate described  in the items (26) to (28). [0221]  Fourth
group: means The above-mentioned objects of the invention of the fourth
group are attained by using, as a transparent electrode, a transparent
electroconductive film made of an amorphous electroconductive oxide
comprising indium oxide and zinc oxide as components and further  patterning
the transparent electroconductive film with an etching  82 solution such as
a solution of oxalic acid in water. Specifically,  means as described below
are adopted in the invention. [0222]  A. Invention of a TFT substrate (30)
First, the invention is a TFT substrate fora liquid crystal  display,
comprising: a transparent substrate; a gate electrode which  is formed over
the transparent substrate, and is made mainly of Al;  



a source electrode formed over the transparent substrate; a drain  electrode
formed over the transparent substrate; a silicon layer  formed over the
transparent substrate; and a pixel electrode formed  over the transparent
substrate, wherein the pixel electrode is an  electroconductive oxide
containing indium oxide, and an oxide or  oxides of one or two or more metal
(s) selected from the first group  Ml consisted of W, Mo, Ni, Nb, Fe, Pt,
Pd, and lanthanoids, and this pixel electrode is jointed directly to at
least one  electrode selected from the group consisted of the gate electrode
made mainly of Al, the source electrode and the drain electrode. Hitherto, a
contact resistance has been generated between the  gate line containing Al
and the transparent electrode or between  the source/drain electrodes
containing Al and the pixel electrode.  However, the addition of W, Mo, Ni,
Nb, Fe, Pt, Pd, and/or lanthanoids  makes it possible to reduce the contact
resistance. Al or the Al  alloy used in the gate line containing Al or the
source/ drain electrodes  containing Al may contain a heavy metal in groups
from IIIa to VIIIa  83 in the periodic table or a lanthanoid-based metal if
the Al or Al  alloy is made mainly of Al. Nd, Ni, Co, Zr or the like is
preferably  used as the element contained in the Al. The content thereof,
which  depends on a desired performance of the Al gate line or the Al
source/drain electrodes, is preferably from 0.1 to 0.5% by weight.  The
content is more preferably from 0.5 to 2.0% by weight. [0223]  If the
content is less than 0. 1% by weight, no effect of addition  



is observed, and projections such as a hillock may be generated on  the Al
thin film. If the content is more than 5% by weight, the  resistance of Al
itself may become large. [0224]  It is sufficient that at least the gate
comprises Al. Of course,  it is preferred that the source/drain comprises
Al. The same effects  and advantages as in the case of the gate are
obtained, as described  above. [0225]  In the present patent, the wording
"is made mainly of Al" means  that Al is contained as a main component, and
generally means the  case that Al is contained at an atomic composition
ratio of 50% or  more. [0226]  (31) The invention is also the TET substrate
according to the  item (30), wherein [Ml] / ([In] + [Ml]) , which is the
atomic composition 84 ratio of the oxide(s) of one or two or more metal(s)
selected from  the first group Ml to indium in the electroconductive oxide,
is from  0.005 to 0.2 wherein the [Ml] represents the number (per unit
weight  or unit volume) of the atoms of one or two or more metal (s)
selected  from the first group Ml and the [In] represents the number (per
unit  weight or unit volume) of the atoms of indium. If the addition amount
is less than 0.005, the effect of the  addition is small so that the gate
electrode made mainly of Al and  the transparent electrode may become large.
In the case that the  



source/drain contains Al, the contact resistance between the Al
source/drain electrodes and the pixel electrode may become large.  On the
other hand, if the addition amount is more than 0.2, the  resistance of the
electrodes themselves may become large or defectives  may be generated when
the electrodes are etched and worked.  [0227] (32) The invention is also the
TFT substrate according to the  item (30) or (31), wherein the
electroconductive oxide comprises  an oxide or oxides of one or two or more
metal (s) selected from the  second group M2 consisted of tin, zinc,
germanium, and gallium beside  indium oxide. [0228]  When tin oxide, zinc
oxide, germanium oxide, and/or gallium  oxide is/are added, the
electroconductivity of the electroconductive  oxide maybe able to be
improved in accordance with a purpose. Moreover, 85 the addition may make it
possible to improve the etching workability  and the transmittance. [0229]
(33) The invention is also the TFT substrate according to the  item
(32),wherein [M2]/([In] +[M2]),which is the atomic composition  ratio of the
oxide(s) of one or two or more metal(s) selected from  the second group M2
to indium in the electroconductive oxide, is  from 0.01 to 0.3 wherein the
[M2] represents the number (per unit  volume or unit weight) of the atoms of
one or two or more metal(s)  selected from the second group M2, that is, the
number (per unit  



volume or unit weight) of the atoms of any one or any two or more  of tin,
zinc, germanium, and gallium, and the [In] represents the  number of the
atoms of indium. If the addition amount is less than 0.01, the effect of the
addition thereof is small. Thus, the resistance may conversely become
large. On the other hand, if the addition amount is more than 0.3,  the
resistance may become large or the aimed improvement (of making  the contact
resistance with the Al electrodes small) may not be easily  attained. When
the average diameter of crystal particles in the  sputtering target is set
to less than 10 pm, the sputtering target  can be rendered a sputtering
target wherein nodules are less generated.  Preferably, when the diameter is
set to 5 pm or less, a sputtering  target wherein nodules are hardly
generated and overdischarge is  not easily generated can be obtained. 86 As
described above, the TFT substrate of the invention is useful  for
constructing a liquid crystal display capable of making the contact
resistance between its electrodes containing Al and its pixel  electrode
small and attaining half-tone display satisfactorily. A  TFT array substrate
in an embodiment, which will be described later,  is a preferred example of
the TFT substrate. A product wherein TFTs  (thin film transistors) are
arranged into an array form on a substrate  is a TFT array substrate. [0230]
B. Invention of a sputtering target (34) The invention is a sputtering
target used at the time  



of producing a pixel electrode which is used in a TFT substrate for  a
liquid crystal display and which is for driving the liquid crystal  by
sputtering, the pixel electrode being capable of being jointed  electrically
to an electrode orwiring made mainly of Al, and the  sputtering target being
made of an electroconductive oxide comprising: indium oxide; and an oxide or
oxides of one or two or  more metal(s) selected from the first group Ml
consisted of W, Mo,  Ni, Nb, Fe, Pt, Pd, and lanthanoids. The use of such a
sputtering target makes it possible to produce  a TFT substrate having the
above-mentioned structure effectively.  When the average diameter of crystal
particles in the sputtering  target is set to less than 10 pm, it can be
realized that the sputtering  target is rendered a sputtering target wherein
nodules are hardly  87 generated. A pixel electrode wherein the etching
property is improved  and the transmittance is improved can be produced.
Preferably, when  the average diameter of the crystal particles is set to 5
pm or less,  a sputtering target wherein nodules are hardly generated and
overdischarge is not easily generated can be obtained. [0231]  (35) The
invention is also the sputtering target according  to the item (34), wherein
[Ml]/([In] + [Ml]), which is the atomic  composition ratio of the oxide(s)
of one or two or more metal(s)  selected from the first group Ml to indium
in the electroconductive  oxide, is from 0.005 to 0.2 wherein the [Ml]
represents the number  (per unit weight or unit volume) of the atoms of one
or two or more  



metal(s) selected from the first group M1 and the [In] represents  the
number (per unit weight or unit volume) of the atoms of indium.  [0232] If
the addition amount is less than 0.005, the effect of the  addition is
small. The contact resistance between the gate electrode  made mainly of Al
and the transparent electrode or between the Al  source/drain electrodes and
the pixel electrode may become large.  If the addition amount is more than
0.2, overdischarge may be caused  at the time of sputtering or the
resistance of the electrodes themselves  may become large. This is because
that defectives may also be  generated when the electrodes are etched and
worked. [0233] 88 (36) The invention is also the sputtering target according
to the item (34) or (35) , wherein the e lect roconduct ive oxide comprises
an oxide or oxides of one or two or more metal (s) selected from the  second
group M2 consisted of tin, zinc, germanium, and gallium beside  indium
oxide. When tin oxide, zinc oxide, germanium oxide, and/or gallium  oxide
is/are added, the electroconductivity of the electroconductive  oxide maybe
able to be improved in accordance with a purpose. Moreover,  the addition
may make it possible to improve the etching workability  and the
transmittance in some cases. When the average diameter of crystal particles
in the sputtering  target is set to less than 10m, it can be realized that
the sputtering  target is rendered a sputtering target wherein nodules are
hardly  



generated. Preferably, when the average diameter of the crystal  particles
is set to 5 m or less, a sputtering target wherein nodules  are hardly
generated and overdischarge is not easily generated can  be obtained. [0234]
(37) The invention is also the sputtering target according  to the item
(36), wherein [M2]/([In] + [M2]), which is the atomic  composition ratio of
the oxide(s) of one or two or more metal(s)  selected from the second group
M2 to indium in the electroconductive  oxide, is from 0.01 to 0.3 wherein
the [M2] represents the number  (per unit weight or unit volume) of the
atoms of one or two or more 89 metal (s) selected from the second group M2,
that is, the number (per  unit weight or unit volume) of the atoms of any
one or any two or  more of tin, zinc, germanium, and gallium, and the [In]
represents  the number of the atoms of indium. If the addition amount is
less than 0.01, the effect of the  addition thereof is small. Thus, the res
i stance may conversely become  large. On the other hand, if the addition
amount is more than 0.3,  the resistance may become large or the aimed
improvement (of making  the contact resistance with the Al electrodes small)
may not be easily  attained. [0235]  C. Invention of a liquid crystal
display (38) The invention is a liquid crystal display provided with  a TFT
substrate and a liquid crystal, wherein the TFT substrate  



comprises: a transparent substrate; a gate electrode which is formed  over
the transparent substrate, and is made mainly of Al; a source  electrode
formed over the transparent substrate; a drain electrode  formed over the
transparent substrate; a silicon layer formed over  the transparent
substrate; a pixel electrode, for driving the liquid  crystal, which is
formed over the transparent substrate; and a  transparent electrode for
protecting the gate electrode and the  source/drain electrodes, wherein the
pixel electrode or transparent  electrode is an electroconductive oxide
containing: indium oxide,  and an oxide or oxides of one or two or more
metal(s) selected from  90 the first group Ml consisted of W, Mo, Ni, Nb,
Fe, Pt, Pd, andlanthanoids,  and this pixel electrode or transparent
electrode is jointed directly  to at least one electrode selected from the
group consisted of the  gate electrode made mainly of Al, the source
electrode and the drain  electrode. [0236]  Hitherto, a relatively large
contact resistance has been  generated between the gate line containing Al
and the transparent  electrode or the Al source/drain electrodes. However,
the addition  of W, Mo, Ni, Nb, Fe, Pt, Pd, and/or lanthanoids makes it
possible  to reduce the value of the contact resistance. In the case where
the source/drain contains Al, the addition of W, Mo, Ni, Nb, Fe,  Pt, Pd,
and/or lanthanoids makes it possible to make small the value  of the contact
resistance with the source/drain electrodes containing  Al. In this way, in
a liquid crystal display using this TFT substrate,  



the contact resistance between the gate line containing Al and the
transparent electrode or between the source/drain electrodes  containing Al
and the pixel electrode is reduced and the quality  of half-tone display is
improved. [0237]  (39) the invention is also the liquid crystal display of
the  item (38) according to claim 13, wherein [Ml]/([In] + [Ml]), which  is
the atomic composition ratiooftheoxide(s) ofthemetal (s) selected  from the
first group Ml to indium in the electroconductive oxide,  91 is from 0.005
to 0.2 wherein the [Ml] represents the number (per  unit weight or unit
volume) of the atoms of one or two or more metal (s)  selected from the
first group Ml and the [In] represents the number  (per unit weight or unit
volume) of the atoms of indium. If the addition amount is less than 0.005,
the effect of the  addition is small so that the contact resistance between
the gate  electrode made mainly of Al and the transparent electrode or
between  the Al source/drain electrodes and the pixel electrode may become
large. On the other hand, if the addition amount is more than 0.2,
overdischarge maybe caused at the time of sputtering or the resistance  of
the electrodes themselves may become large. Defectives may also  be
generated when the electrodes are etched and worked. If the  addition amount
is more than 0.2, the quality of half-tone display  may deteriorate when the
liquid crystal display is driven. [0238]  (40) The invention is also the
liquid crystal display according  



totheitem (38) or (39), wherein theelectroconductiveoxidecomprises  an oxide
or oxides of one or two or more metal (s) selected from the  second group M2
consisted of tin, zinc, germanium, and gallium beside  indium oxide. When
tin oxide, zinc oxide, germanium oxide, and/or gallium  oxide are added, the
electroconductivity of the electroconductive  oxide maybe able to be
improved in accordance with a purpose. Moreover,  the addition may make it
possible to improve the etching workability  92 and the transmittance in
some cases. When the average diameter of crystal particles in the sputtering
target is set to less than 10 pm, it can be realized that the sputtering
target is rendered a sputtering target wherein nodules are hardly
generated. When it is used to produce a liquid crystal display, the
obtained liquid crystal display is a liquid crystal display wherein  display
defects are less generated. Preferably, when the average  diameter of the
crystal particles is set to 5 Wn or less, a sputtering  target wherein
nodules are hardly generated and overdischarge is  not easily generated can
be obtained. When this sputtering target  is used, a liquid crystal display
wherein display defects are even  less generated can be produced. [0239]
(41) The invention is also the liquid crystal display according  to the item
(40), wherein [M2]/([In] + [M2]), which is the atomic  composition ratio of
the oxide(s) of the metal (s) selected from the  second group M2 to indium
in the electroconductive oxide, is from  



0.01 to 0.3 wherein the [M2] represents the number (per unit weight  or unit
volume) of the atoms of one or two or more metal (s) selected  from the
second group M2, that is, the atoms of any one or any two  or more of tin,
zinc, germanium, and gallium, and the [In] represents  the number (per unit
weight or unit volume) of the atoms of indium. If the addition amount is
less than 0.01, the effect of the  addition thereof is small. Thus, the
resistance may conversely become  93 large. On the other hand, if the
addition amount is more than 0.3,  the resistance may become large or the
aimed improvement (of making  the contact resistance with the Al electrodes
small) may not be easily  attained. [0240]  D-1. Invention of a pixel
electrode The following will describe the structure of an invention of  a
pixel electrode. The invention which will be described below is  a pixel
electrode used in the above-mentioned TFT substrate and so  on, and effects
and advantages thereof are equivalent to those of  the above-mentioned TFT
substrate and so on. [0241]  (42) The invention is a pixel electrode for
driving a liquid  crystal, which is used in a TFT substrate, fora liquid
crystal display,  comprising: a transparent substrate; a gate electrode
which is formed  over the transparent substrate, and is made mainly of Al; a
source  electrode formed over the transparent substrate; a drain electrode
formed over the transparent substrate; a silicon layer formed over  



the transparent substrate; the pixel electrode formed over the  transparent
substrate; and a transparent electrode for protecting  the gate electrode,
the source electrode and the drain electrode;  the pixel electrode being an
electroconductive oxide containing  indium oxide, and an oxide or oxides of
one or two or more metal (s)  selected from the first group Ml consisted of
W, Mo, Ni, Nb, Fe, 94 Pt, Pd, and lanthanoids; and the pixel electrode being
j ointed directly  to the gate electrode made mainly of Al, the source
electrode or  the drain electrode. [0242]  (43) The invention is also the
pixel electrode according to  the item (42), wherein [Ml]/([In] + [Ml]),
which is the atomic  composition ratio of the oxide(s) of one or two or more
metal(s)  selected from the first group Ml to indium in the
electroconductive  oxide, is from 0.005 to 0.2 wherein the [Ml] and the [In]
are as  described above. [0243]  (44) The invention is also the pixel
electrode according to  the item (42) or (43) , wherein the
electroconductive oxide comprises  an oxide or oxides of one or two or more
metal (s) selected from the  second group M2 consisted of tin, zinc,
germanium, and gallium beside  indium oxide. [0244]  (45) The invention is
also the pixel electrode according to  the item (44), wherein [M2]/([In] +
[M2]), which is the atomic  



composition ratio of the oxide(s) of one or two or more metal(s)  selected
from the second group M2 to indium in the electroconductive  oxide, is from
0.Olto0.3wherein the [M2] and the [In] are as described  above. [0245] 95
D-2. Invention of a transparent electrode The following will describe the
structure of an invention of  a transparent electrode. [0246]  (46) The
invention is a transparent electrode, which is used  in a TFT substrate, for
a liquid crystal display, comprising: a  transparent substrate; a gate
electrode which is formed over the  transparent substrate, and is made
mainly of Al; a source electrode  formed over the transparent substrate; a
drain electrode formed over  the transparent substrate; a silicon layer
formed over the transparent  substrate; a pixel electrode formed over the
transparent substrate;  and the transparent electrode for protecting the
gate electrode,  the source electrode and the drain electrode; the
transparent  electrode being an electroconductive oxide containing indium
oxide,  and an oxide or oxides of one or two or more metal (s) selected from
the first group Ml consisted of W, Mo, Ni, Nb, Fe, Pt, Pd, and  lanthanoids;
and the transparent electrode being jointed directly  to the gate electrode
made mainly of Al, the source electrode or  the drain electrode. [0247]  



(47) The invention is also the transparent electrode according  to the item
(46), wherein [Ml]/([In] + [Ml]), which is the atomic  composition ratio of
the oxide (s) of the metal (s) selected from the  first group M1 to indium
in the electroconductive oxide, is from 96 0.005 to 0.2 wherein the [M1] and
the [In] are as described above.  [0248] (48) The invention is also the
transparent electrode according  to the item (46) or (47) , wherein the
elect roconductive oxide comprises  an oxide or oxides of one or two or more
metal (s) selected from the  second group M2 consisted of tin, zinc,
germanium, and gallium beside  indium oxide. [0249]  (49) The invention is
also the transparent electrode according  to the item 48, wherein [M2]/([In]
+ [M2]), which is the atomic  composition ratio of the oxide (s) of the
metal (s) selected from the  second group M2 to indium in the
electroconductive oxide, is from  0.01 to 0.3 wherein the [M2] and the [In]
are as described above.  [0250] E. Invention of a process for producing a
TFT substrate  (5) The invention is a process for producing a TFT substrate,
comprising: the step of depositing the electroconductive oxide onto  the
transparent substrate, thereby forming a thin film of the  electroconductive
oxide; and the step of etching the formed thin  film of the
electroconductive oxide with an aqueous solution  containing oxalic acid,
thereby forming the transparent electrode. 



Even if the source electrode or the like is made of Al, such  a structure
makes it possible to prevent the source electrode or  the like which
contains Al from eluting out when the transparent  97 electrode is formed
(when the transparent electrode is etched). Such  an effect/advantage is
produced in the same manner by the following  invention using a different
etching solution. [0251]  (51) The invention is also a process for producing
a TFT  substrate, comprising: the step of depositing the electroconductive
oxide onto the transparent substrate, thereby forming a thin film  of the
electroconductive oxide; and the step of etching the formed  thin film of
the electroconductive oxide with an aqueous solution  containing phosphoric
acid, acetic acid and nitric acid, thereby  forming the transparent
electrode. [0252]  (52) The invention is also a process for producing a TFT
substrate, comprising: the step of depositing the electroconductive  oxide
onto the transparent substrate, thereby forming a thin film  of the
electroconductive oxide; and the step of etching the formed  thin film of
the electroconductive oxide with an aqueous solution  containing a cerium
aluminum salt of nitric acid, thereby forming  the transparent electrode.
[0253]  As the method for forming the film of the transparent electrode
(electroconductive oxide), vapor deposition, sputtering, CVD,  



spraying, dipping or the like can be used. It is particularly  preferred to
adopt sputtering. 98 [0254]  F. Kind of lanthanoids (53) The invention is
also the process for producing the TFT  substrate, the sputtering target for
producing a transparent  electrode, the liquid crystal display, the pixel
electrode, the  transparent electrode, or the TFT substrate according to any
one  of the items (30) to (52) , wherein the lanthanoid (s) are one or more
lanthanoids selected from Ce, Nd, Er and Ho. Advantageous effects of the
invention  [0255] First group: advantageous effects As described above, in
the transparent electroconductive film  in the thin film transistor
substrate of the invention, residues  resulting from etching by use of a
weak acid (such as an organic  acid) are hardly generated when the film is
produced. Therefore,  the thin film transistor substrate of the invention is
excellent  in workability, and the yield thereof is improved. Moreover, the
thin film transistor liquid crystal display of the invention exhibits  an
improved production efficiency since the display has the  above-mentioned
thin film transistor substrate. [0256]  According to the process of the
invention for producing a thin  film transistor substrate, residues or the
like resulting from etching  



of the transparent electroconductive film by use of a given acidic  99
etchant are hardly generated. Accordingly, the thin film transistor
substrate can be effectively produced. [0257]  Second group: advantageous
effects The invention of the second group has been made in light of  the
above-mentioned problems which the prior art has. A transparent
electroconductive material containing the specific metal (s) is used  for a
pixel electrode and a transparent electrode, thereby enabling  to control
the contact resistances between the Al gate and the  transparent electrode
and between the Al source/drain and the pixel  electrode into small values
even if a barrier metal or the like is  not used. [0258]  As a result, the
number of steps for the production can be  reduced. Consequently, the
process for producing a TFT (thin film  transistor) substrate can be made
simple. [0259]  Even if the transparent electroconductive (film) material is
brought into direct contact with an Al gate or Al source/drain  electrodes
in the invention of the second group, the contact resistance  generated
therein can be made into a small value. Thus, a liquid  crystal display
wherein half-tone display can be satisfactorily  attained can be provided.
[0260] 



100 In the above-mentioned description about the invention of the  second
group, there is a description section depending on relationship  with Al.
Instead of Al in this description section, Ag may be used,  thereby
producing substantially the same effects and advantages.  This matter will
be described in detail in working examples.  [0261] Third group:
advantageous effects As described above, according to the process of the
invention  of the third group for producing a thin film transistor
substrate,  the first conductor can easily be etched since the first
conductor  comprises the Al alloy containing the specific metal (s) . For
this  reason, a thin film transistor substrate can be more easily produced
at lower costs. [0262]  In the thin film transistor and the thin film
transistor  substrate of the invention of the third group, the first
conductor  comprises the Al alloy containing the specific metal(s);
therefore,  the contact resistance is low when the second conductor is
connected  to the first conductor through the contact hole made in the
insulation  film. Furthermore, the first conductor can easily be etched.
[0263] In the liquid crystal display of the invention of the third  group,
the second conductor is connected directly to the first  conductor through
the contact hole formed in the insulation film  101 



without interposing any layer having a low light transmittance. Thus,  the
display has a high numerical aperture. [0264]  Fourth group: advantageous
effects As described above, the invention of the fourth group has been  made
in light of the problems which the prior art has. A transparent
electroconductive material containing the specific metal (s) is used  for a
pixel electrode or transparent electrode, thereby enabling  tomake the
process for producing a TFT (thin f ilmtransistor) substrate  simple. [0265]
According to the invention of the fourth group, even if a gate  containing
Al and a transparent electrode, or a source/drain  containing Al and a pixel
electrode are caused to contact each other  directly or are jointed directly
to each other, the contact resistance  therebetween can be controlled into a
lower value than in the prior  art. Thus, a liquid crystal display capable
of attaining half-tone  display can be provided. Brief Description of the
Drawings  [0266] [Fig. 1] This is a sectional view of a vicinity of an
a-SiTFT  active matrix substrate in each of present Examples 1-1 to 1-3.
[Fig. 2] This is a sectional view of a vicinity of an a-SiTFT  active matrix
substrate in present modified Example 1-1. 102 [Figs. 3] These (Fig.3 (1)
and Fig.3 (2)) are each an  



explanatory view illustrating a situation of a first film-formation  in
present Example 2-9. [Figs. 4] These (Fig.4 (1) and Fig.4 (2)) are each an
explanatory view illustrating a situation of a second film-formation  in
present Example 2-9. [Figs. 5] These (Fig.5 (1) and Fig.5 (2)) are each an
explanatory view illustrating a situation of a contact resistance
measurement in present Example 2-9. [Figs. 6] These (Fig.6 (1) and Fig.6
(2)) are explanatory  sectional views illustrating the step of producing a
TFT array  substrate in present Examples. [Figs. 7] These (Fig.7 (1) and
Fig.7 (2)) are different  explanatory sectional views illustrating the step
of producing the  TFT array substrate in present Examples. [Fig. 8] This is
a sectional process chart illustrating the  step of producing the TFT array
substrate in present Examples.  [Fig. 9] This is a wiring diagram
illustrating the external appearance of wiring of a Kelvin pattern in
present Examples, and  a situation of a measurement thereof. [Fig. 10] This
is a sectional view of a vicinity of an a-SiTFT  at a stage when the
formation of a pattern of a pixel electrode is  ended in the process of
producing a liquid crystal flat display in  the present embodiment. 103
[Fig. 11] This is a sectional view of a vicinity of an a-SiTFT  at a stage
when the formation of a pattern of a pixel electrode is  



ended in the process of producing a liquid crystal flat display in  the
prior art. Explanation of reference numbers  [0267] 1 glass substrate  [0] 2
gate electrode  [0] 3 gate insulation film  [0] 4 a-Si:H(i) film  [0] 5
channel protection film  [0] 6 a-Si:H(n) film  [0] 7 drain electrode  8
source electrode 9 transparent electroconductive film  10 transparent resin
resist 11 reflecting electrode  104 12 gate electrode wiring 100 a-SiTFT
active matrix substrate  102 gate electrode 107 drain electrode  



108 source electrode 200 a-SiTFT active matrix substrate  1100 slide glass
1102 mask for a first film-formation  1104 Al pattern 1106 mask for a second
film-formation  1108 metal oxide 1110 first contact resistance measuring
substrate  1120 second contact resistance measuring substrate  2001
transparent insulating substrate 2002 gate electrode 2004 gate insulation
film 2005 semiconductor layer a-Si film  2006 semiconductor layer n+ a-Si
film  2007a drain electrode 2007b source electrode 2009 interlayer
insulation film  2010 contact hole 2011 pixel electrode  2021 TFT section
105 2022 terminal section  2100 TFT array substrate  3001 glass substrate
3002 gate electrode 3002a gate electrode wiring  



3003 gate insulation film  3004 a-Si:H(i) film 3005 gate insulation film
3006 a-Si:H(n) film 3007 source electrode  3008 drain electrode 3009 pixel
electrode pattern  3010 transparent resin resist  3012 contact hole 3014
gate line leading-out section 3016 source/drain line leading-out section
Best Mode for Carrying Out the Invention  [0268] First group: examples
Preferred examples of the present embodiment of the first group  will be
described hereinafter, using the drawings. [0269]  "Example 1-1" 106 Fig. 1
illustrates a sectional view of a vicinity of an a-SiTFT  (amorphous silicon
thin film transistor) active matrix substrate  100 in the Example 1-1.
Metallic Al was deposited onto a light-transmissible glass substrate 1 by
high-frequency sputtering  so as to have a film thickness of 1500 A. This
glass substrate 1  corresponds to one example of the transparent substrate
described  in the claims. 



[0270]  Next, the deposited Al was etched into a shape illustrated  in Fig.
1 by photo-etching using a phosphoric acid/acetic acid/nitric  acid/water
(the ratio by volume = 12/6/1/1)-based aqueous solution  as an etchant to
form a gate electrode 2 and a gate electrodewiring  12. Next, a silicon
nitride film (hereinafter, denoted as a SiN  film in some cases), which
would be a gate insulation film 3, was  deposited on the glass substrate 1,
the gate electrode 2 and the  gate electrodewiring 12 by glow discharge CVD,
so as to have a film  thickness of 3000 A. Subsequently, an a-Si: H (i) film
4 was deposited  on this gate insulation film 3 to have a film thickness of
3500 A,  and further a silicon nitride film (SiN film) , which would be a
channel  protective layer 5, was deposited on the a-Si:H (i) film 4 to have
a film thickness of 3000 A. [0271]  At the discharge gas at this time, a
SiH4-NH3-N2-based mixed  107 gas was used about the gate insulation film 3
and the channel protective  layer 5, which were each made of the SiN film,
while a SiH9-N2-based  mixed gas was used about the a-Si : H (i) film 4. The
channel protective  layer 5, which was made of the SiN film, was etched by
dry etching  using a CHF-based gas to form a shape illustrated in Fig. 1.
Subsequently, a SiH4-H2-PH3-based mixed gas was used to deposit  an a-Si:H
(n) f ilm 6 on the a-Si: H (i) f ilm 4 and the channel protective  layer 5
to have a film thickness of 3000 A. 



[0272]  Next, a metallic Mo/metallic Al bi-layered film was  successively
deposited on the depositeda-Si:H (n) film 6by sputtering  so as to make the
film thickness of metallic Mo for the lower layer  to 0.05 pm and set that
of metallic Al to 0.2 pm. [0273]  This metallic Mo/metallic Al bi-layered
film was etched into  a shape illustrated in Fig. 1 by photo-etching using a
phosphoric  acid/acetic acid/nitric acid/water (the ratio by volume =
9/8/1/2)-based aqueous solution, so as to form a pattern of a drain
electrode 7 and a pattern of a source electrode 8. Furthermore, the a-Si:H
(i) film 4 and the a-Si:H (n) film  6, which were each made of an a-Si:H
film, were etched by using a  combination of dry etching using a CHF-based
gas and wet etching  using an aqueous hydrazine (NH2NH2H20) solution, so as
to form a  pattern of the a-Si:H (i) film 4 and a pattern of the a-Si:H (n)
108 film 6, each of which had a shape illustrated in Fig. 1. As illustrated
in Fig. 1, a transparent resin resist 10 was used to form a protection  film
and further a pattern of through holes and so on was formed.  [0274] Next,
an amorphous transparent electroconductive film 9 made  mainlyof indium
oxide and tungsten oxide was deposited on the substrate  subjected to the
above-mentioned processing. The target used in the  sputtering was an
In2O3-WO3 sintered body prepared to set the value  of [In]/([In] + [W]),
which is an atomic ratio between In and W in  



the target, to 0.97. The [In] represents the number per unit volume  of the
indium atoms in the transparent electroconductive film 9 and  the [W]
represents the number per unit volume of the tungsten atoms  in the
transparent electroconductive film 9. [0275]  In the sputtering, this
In2O3-WO3 sintered body was used to  be arranged onto a planar
magnetron-based cathode, and the transparent  electroconductive film 9 was
deposited to make the film thickness  thereof to 1000 A. At this time, pure
argon gas or argon gas into  which 02 gas was incorporated in a trace amount
of about 1% by volume  was used as the discharge gas at the time of the
sputtering.  [0276] The form that tungsten is contained in the target may be
a  form that tungsten is dispersed as a tungsten oxide such as W03 or  W02
in the indium oxide sintered body, or may be a form that tungsten  109 is
dispersed as a complex oxide between indium oxide and tungsten  oxide such
as In2W3O12 in the indium oxide sintered body. Preferred  is a form that
tungsten atoms undergo substitution/solid-solution  into indium sites of
indium oxide, whereby tungsten is dispersed  into the indium oxide sintered
body at an atomic level. Such a case,  in which tungsten is dispersed into
the indium oxide sintered body  at an atomic level, is more effective for
stabilizing discharge in  the sputtering or obtaining the transparent
electroconductive film  9 having a low resistance. [0277]  



The relative density of the target made of this In2O3-WO3 sintered  body was
96%. A different test demonstrated that if the relative  density of the
target made of this In2O3-WO3 sintered body was 950  or more, nodules or
overdischarge was not generated. The transparent electroconductive film 9,
which was the  1n203-W03 filmformedby the sputtering, was analyzed byX-ray
analysis.  As a result, no peak was observed so that it was proved that the
film was an amorphous film. The specific resistance of the  transparent
electroconductive film 9, which was this In2O3-WO3film,  was about 3.8 x
10-4 Qcm. Thus, it was proved that the film was a  film which was able to be
satisfactorily used as an electrode. It  was also proved that when tin oxide
was incorporated into the  above-mentioned target, which was made of the
1n203-W03 sintered body,  in an amount of 1 to 10% by weight, the specific
resistance of the 110 formed transparent electroconductive film 9 was 1.8 x
10-4 Qcm or  less. [0278]  This transparent electroconductive film 9, which
was the  In2O3-WO3 film, was etched by photo-etching using a 3.2% by weight
solution of oxalic acid in water as an etchant in order to give a  pattern
of a transparent pixel electrode. In this way, the pattern  of the
transparent pixel electrode, which was made of an amorphous  electrode of
the transparent electroconductive film 9 illustrated  in Fig. 1, was formed.
At this time, the pattern of the source electrode 8 and the  



pattern of the transparent pixel electrode, which was made of the
transparent electroconductive film 9, were formed into desired  patterns so
as to be electrically connected to each other. At this  time, the drain
electrode 7 and the source electrode 8 containing  Al did not elute out with
the etching solution. Next, this glass  substrate 1 was thermally heated at
250C for 30 minutes. This 3.2 %  by weight solution of oxalic acid in water
corresponds to one example  of the acidic etchant containing oxalic acid
described in the claims.  [0279] Thereafter, a SiN passivation film (not
illustrated) and a  light-shielding pattern (not illustrated) were formed to
produce  an a-SiTFT active matrix substrate 100 illustrated in Fig. 1. On
the glass substrate 1 in this a-SiTFT active matrix substrate 100,  ill the
pattern of the pixel section and so on illustrated in Fig. 1  and the same
patterns were regularly formed. In other words, the  a-SiTFT active matrix
substrate 100 of Example 1-1 was an array  substrate. This a-SiTFT active
matrix substrate 100 corresponds to  one preferred example of the thin film
transistor substrate described  in the claims. [0280]  A liquid crystal
layer and a color filter substrate were formed  on this a-SiTFT active
matrix substrate 100, thereby producing a  TFT-LCD system flat display. This
TFT-LCD system flat display  corresponds to one example of the thin film
transistor liquid crystal  display described in the claims. About this
TFT-LCD system flat  



display, a lighting test was perfomed. As a result, there was no  defective
pixel electrode so that favorable display was able to be  attained. [0281]
"Example 1-2" An a-SiTFT active matrix substrate 100 in Example 1-2 is
different from the a-SiTFT active matrix substrate 100 in Example  1-1 only
in the composition of the transparent electroconductive  film 9, and the
structure thereof is substantially the same as in  Fig. 1. Accordingly, the
a-SiTFT active matrix substrate 100 of  Example 1-2 will also be described
using Fig. 1. As illustrated in Fig. 1, metallic Al was deposited onto a
112 light-transmissible glass substrate 1 by high-frequency sputtering  so
as to have a film thickness of 1500 A. Next, the deposited Al  was etched
into a shape illustrated in Fig. 1 by photo-etching using  a phosphoric
acid/acetic acid/nitric acid/water (the ratio by volume 12/6/1/1)-based
aqueous solution as an etchant to form a gate  electrode 2 and a gate
electrodewiring 12. This glass substrate 1  corresponds to one example of
the transparent substrate described  in the claims. [0282]  Next, a silicon
nitride film (hereinafter, denoted as a SiN  film in some cases), which
would be a gate insulation film 3, was  deposited on the glass substrate 1,
the gate electrode 2 and the  gate electrodewiring 12 by glow discharge CVD
to have a film thickness  



of 3000 A. Subsequently, an a-Si: H (i) film 4 was deposited on this  gate
insulation film 3 to have a film thickness of 3500 A, and further  a silicon
nitride film (SiN film) , which would be a channel protective  layer 5, was
deposited on the (x-Si: H (i) film 4 to have a film thickness  of 3000 A.
[0283]  At the discharge gas at this time, a SiH4-NH3-N2-based mixed  gas
was used about the gate insulation film 3 and the channel protective  layer
5, which were each made of the SiN film, while a SiH4-N2-based  mixed gas
was used about the a-Si : H (i) film 4 . The channel protective  layer 5,
which was made of the SiN film, was etched by dry etching 113 using a
CHF-based gas to form a shape illustrated in Fig. 1.  [0284] Subsequently, a
SiH4-H2-PH3-based mixed gas was used to deposit  an cc-Si: H (n) film 6 on
the cc-Si: H (i) film 4 and the channel protective  layer 5 to have a film
thickness of 3000 A. Next, a metallic Mo/metallic Al bi-layered film was
successively deposited on the depositeda-Si:H(n)film6bysputtering  so as to
make the film thickness of metallic Mo for the lower layer  to 0.05 pin and
set that of metallic Al to 0.2 fun. This metallic Mo/metallic Al bi-layered
film was etched into  a shape illustrated in Fig. 1 by photo-etching using a
phosphoric  acid/acetic acid/nitric acid/water (the ratio by volume =
9/8/1/2)-based aqueous solution, so as to form a pattern of a drain
electrode 7 and a pattern of a source electrode 8. 



[02851  Furthermore, the a-Si:H (i) film 4 and the a-Si:H (n) film  6, which
were each made of an a-Si:H film, were etched by using a  combination of dry
etching using a CHF-based gas and wet etching  using an aqueous hydrazine
(NH2NH2H20) solution, so as to form a  pattern of the a-Si:H (i) film 4 and
a pattern of the a-Si:H (n)  film 6, each of which hada shape illustrated in
Fig. 1. As illustrated  in Fig. 1, a transparent resin resist 10 was used to
form a protection  film and further a pattern of through holes and so on was
formed.  [0286] 114 Next, an amorphous transparent electroconductive film 9
made  mainly of indium oxide and molybdenum oxide was deposited on the
substrate subjected to the above-mentioned processing by sputtering.  The
target used in the sputtering was an In2O3-MoO3 sintered body  prepared to
set the value of [In] / ([In] + [Mo]), which is an atomic  ratio between In
and Mo in the target, to 0.90. The [In] represents  the number per unit
volume of the indium atoms in the transparent  electroconductive film 9 and
the [Mo] represents the number per unit  volume of the molybdenum atoms in
the transparent electroconductive  film 9. [0287]  In the sputtering, this
In2O3-MoO3 sintered body was used to  be arranged onto a
planarmagnetron-basedcathode, and the transparent  electroconductive film 9
was deposited to make the film thickness  to 1000 A. At this time, pure
argon gas or argon gas into which 02  



gas was incorporated in a trace amount of about 1% by volume was  used as
the discharge gas at the time of the sputtering. The form that molybdenum is
contained in the target may be  a form that molybdenum is dispersed as a
molybdenum oxide such as  MoO3 or MoO2 in the indium oxide sintered body, or
may be a form that  molybdenum is dispersed as a complex oxide of indium and
molybdenum,  such as In2Mo406, In2Mo3012 or In11Mo4062, in the indium oxide
sintered  body. Preferred is a form that molybdenum atoms undergo
substitution/solid-solution into indium sites of indium oxide,  115 whereby
molybdenum is dispersed into indium oxide crystal. Such a  case, in which
molybdenum is dispersed into the indium oxide sintered  body at an atomic
level, is more effective for stabilizing electric  discharge in the
sputtering or obtaining the transparent electroconductive film 9 having a
low resistance.  [0288] The relative density of the target made of this
In2O3-Mo03  sintered body was 96%. A different test demonstrated that if the
relative density of the target made of this In2O3-MoO3 sintered body  was
95% or more, nodules or overdischarge was not generated. The transparent
electroconductive film 9, which was the  In203-Mo03 filmformedbythe
sputtering, was analyzed byX-ray analysis.  As a result, no peak was
observed so that it was proved that the  film was an amorphous film. The
specific resistance of the  transparent electroconductive film 9, which was
this ln203-Mo03film,  was about 3.4 x 10-4 Qcm. Thus, it was proved that the
film was a  



film which was able to be satisfactorily used as an electrode. It  was also
proved that when tin oxide was incorporated into the  above-mentioned
target, which was the made of In2O3-MoO3 sintered  body, in an amount of 1
to 10% by weight, the specific resistance  of the formed transparent
electroconductive film 9 was 1.9 x 10.9  Qcm or less. [0289]  This
transparent electroconductive film 9, which was the  116 In2O3-MoO3 film,
was etched by photo-etching using a 3.2% by weight  solution of oxalic acid
in water as an etchant in order to give a  pattern of a transparent pixel
electrode. In this way, the pattern  of the transparent pixel electrode,
which was made of the amorphous  electrode of the transparent
electroconductive film 9 illustrated  in Fig. 1, was formed. At this time,
the pattern of the source electrode 8 and the  pattern of the transparent
pixel electrode, which was made of the  transparent electroconductive film
9, were formed into desired  patterns so as to be electrically connected to
each other. At this  time, the drain electrode 7 and the source electrode 8
containing  Al did not elute out with the etching solution. Next, this glass
substrate 1 was thermally heated at 2500C for 30 minutes. This 3.20  by
weight solution of oxalic acid in water corresponds to one example  of the
acidic etchant containing oxalic acid described in the claims.  [0290]
Thereafter, a SiN passivation film (not illustrated) and a  



light-shielding pattern (not illustrated) were formed to produce  an a-SiTFT
active matrix substrate 100 illustrated in Fig. 1. On  the glass substrate 1
in this a-SiTFT active matrix substrate 100,  the pattern of the pixel
section and so on illustrated in Fig. 1  and the same patterns were
regularly formed. In other words, this  a-SiTFT active matrix substrate 100
was an array substrate. This  a-SiTFT active matrix substrate 100 of Example
1-2 corresponds to  117 one preferred example of the thin film transistor
substrate described  in the claims in the same manner as in Example 1-1.
[0291]  A liquid crystal layer and a color filter substrate were formed  on
this a-SiTFT active matrix substrate 100, thereby producing a  TFT-LCD
system flat display. This TFT-LCD system flat display  corresponds to one
example of the thin film transistor liquid crystal  display described in the
claims. About this TFT-LCD system flat  display, a lighting test was made.
Asa result, there was no defective  pixel electrode so that favorable
display was able to be attained.  [0292] "Example 1-3" An a-SiTFT active
matrix substrate 100 in Example 1-3 is  different from the a-SiTFT active
matrix substrate 100 in Examples  1-1 to 1-2 only in the composition of the
transparent electroconductive  film 9, and the structure thereof is
substantially the same as in  Fig. 1. Accordingly, the a-SiTFT active matrix
substrate 100 of  Example 1-3 will also be described using Fig. 1. 



A metallic Al (alloy) (the composition weight %: Al/Ni = 99/1)  was
deposited onto a light-transmissible glass substrate 1 by  high-frequency
sputtering so as to have a film thickness of 2500  A. Next, the deposited Al
was etched into the same shapes as the  gate electrode 2 and the gate
electrodewiring 12 in Fig. 1 by  photo-etching using a phosphoric
acid/acetic acid/nitric acid/water 118 (the ratio by volume = 9/6/1/2)
-based aqueous solution as an etchant  to form a gate electrode 2 and a gate
electrodewiring 12. This glass  substrate 1 corresponds to one example of
the transparent substrate  described in the claims. [0293]  Next, a silicon
nitride film (hereinafter, denoted as a SiN  film in some cases), which
would be a gate insulation film 3, was  deposited on the glass substrate 1,
the gate electrode 2 and the  gate electrodewiring 12 by glow discharge CVD
to have a film thickness  of 3000 A. Subsequently, an a-Si:H (i) film 4 was
deposited on this  gate insulation film 3 to have a film thickness of 3500
A, and further  a silicon nitride film (SiN film) , which would be a channel
protective  layer 5, was deposited on the a-Si: H (i) film 4 to have a film
thickness  of 3000 A. [0294]  At the discharge gas at this time, a
SiH4-NH3-N2-based mixed  gas was used about the gate insulation film 3 and
the channel protective  layer 5, which were each made of the SiN film, while
a SiH4-N2-based  mixed gas was used about the a-Si : H (i) film 4. The
channel protective  



layer 5, which was made of the SiN film, was etched by dry etching  using a
CHF-based gas to form a shape illustrated in Fig. 1.  [0295] Subsequently, a
SiH4-H2-PH3-based mixed gas was used to deposit  ana-Si:H (n)
film6onthea-Si:H (i) f ilm 4 and the channel protective  119 layer 5 to have
a film thickness of 3000 A. Next, a metallic Mo/metallic Al bi-layered film
was  successively deposited on the deposited a-Si:H(n)film6bysputtering  so
as to make the film thickness of metallic Mo for the lower layer  to 0.05 m
and set that of metallic Al to 0.2 m. This metallic Mo/metallic Al
bi-layered film was etched into  a shape illustrated in Fig. 1 by
photo-etching using a phosphoric  acid/acetic acid/nitric acid/water (the
ratio by volume = 9/6/l/2) -based aqueous solution as an etchant, so as to
form a pattern  of a drain electrode 7 and a pattern of a source electrode
8.  [0296] Furthermore, the a-Si:H (i) film 4 and the a-Si:H (n) film  6,
which were each made of an a-Si:H film, were etched by using a  combination
of dry etching using a CHF-based gas and wet etching  using an aqueous
hydrazine (NH2NH2H20) solution, so as to form a  pattern of the a-Si:H (i)
film 4 and a pattern of the a-Si:H (n)  film 6, each of which had a shape
illustrated in Fig. 1. As illustrated  in Fig. 1, a transparent resin resist
10 was used to form a protection  film and further a pattern of through
holes and so on was formed.  [0297] 



Next, an amorphous transparent electroconductive film 9 made  mainly of
indium oxide and niobium oxide was deposited on the substrate  subjected to
the above-mentioned processing, as illustrated in Fig.  1. The target used
in the sputtering was an In2O3-Nb2O5 sintered body  120 prepared to set the
value of [In]/([In] + [Nb]), which is an atomic  ratio between In and Nb in
the target, to 0.95. The [In] represents  the number per unit volume of the
indium atoms in the transparent  electroconductive film 9 and the [Nb]
represents the number per unit  volume of the niobium atoms in the
transparent electroconductive  film 9. [0298]  In the sputtering, this
In2O3-Nb2O5 sintered body was used to  be arranged onto a planar
magnetron-based cathode, and the transparent  electroconductive film 9 was
deposited to make the film thickness  thereof to 1000 A. At this time, pure
argon gas or argon gas into  which 02 gas was incorporated in a trace amount
of about 1% by volume  was used as the discharge gas at the time of the
sputtering. The form that niobium is contained in the target may be a form
that niobium is dispersed as a niobium oxide such as Nb205 or Nb203  in the
indium oxide sintered body, or may be a form that niobium  is dispersed as a
complex oxide of indium and niobium, such as InNbO4,  in the indium oxide
sintered body at an atomic level. Preferred is  a form that niobium atoms
undergo substitution/solid-solution into  indium sites of indium oxide,
whereby niobium is dispersed into the  indium oxide sintered body.
Suchacase, in which niobium is dispersed  



into the indium oxide sintered body at an atomic level, is more  effective
for stabilizing discharge in the sputtering or obtaining  the transparent
electroconductive film 9 having a low resistance.  121 [0299]  The relative
density of the target made of this In2O3-Nb2O5 sintered body was 97%. A
different test demonstrated that if the  relative density of the target made
of this In2O3-Nb2O5 sintered body  was 95% or more, nodules or overdischarge
was not generated. The transparent electroconductive film 9, which was the
In2O3-Nb205 film formed by the sputtering, was analyzed by X-ray  analysis.
As a result, no peak was observed so that it was proved  that the film was
an amorphous film. The specific resistance of the  transparent
electroconductive film 9, which was this In203-Nb205 film,  was about 3.6 x
10-4 0cm. Thus, it was proved that the film was a  film which was able to be
satisfactorily used as an electrode. It  was also proved that when tin oxide
was incorporated into the  above-mentioned target, which was the made of
In2O3-Nb2O5 sintered  body, in an amount of 1 to 10% by weight, the specific
resistance  of the formed transparent electroconductive film 9 was 1.7 x
10_9  0cm or less. [0300]  This transparent electroconductive film 9, which
was the  In2O3-Nb2O5 film, was etched by photo-etching using a 3.2% by
weight  solution of oxalic acid in water as an etchant in order to give a
pattern of a transparent pixel electrode. In this way, the pattern  



of the transparent pixel electrode, which was made of the amorphous
electrode of the transparent electroconductive film 9 illustrated 122 in
Fig. 1, was formed. This 3.2% by weight solution of oxalic acid  in water
corresponds to the acidic etchant containing oxalic acid  described in the
claims. [0301]  At this time, the pattern of the source electrode 8 and the
pattern of the transparent pixel electrode were formed into desired
patterns so as to be electrically connected to each other. At this  time,
the source electrode 8 and the drain electrode 7 neither underwent
line-breaking nor line-narrowing. Next, this glass substrate 1 was
thermally heated at 250C for 30 minutes. Thereafter, a SiN passivation film
(not illustrated) and a  light-shielding pattern (not illustrated) were
formed to produce  an a-SiTFT active matrix substrate 100 illustrated in
Fig. 1. On  the glass substrate 1 in this a-SiTFT active matrix substrate
100,  the pattern of the pixel section and so on illustrated in Fig. 1  and
the same patterns were regularly formed. In other words, the  a-SiTFT active
matrix substrate 100 of Example 1-3 was an array  substrate. This a-SiTFT
active matrix substrate 100 corresponds to  one preferred example of the
thin film transistor substrate described  in the claims in the same manner
as in Examples 1-1 and 1-2.  [0302] A liquid crystal layer and a color
filter substrate were formed  on this a-SiTFT active matrix substrate 100,
thereby producing a  



TFT-LCD system flat display. This TFT-LCD system flat display 123
corresponds to one example of the crystal display described in the  claims.
About this TFT-LCD system flat display, a lighting test was  made. As a
result, there was no defective pixel electrode so that  favorable display
was able to be attained. [0303]  "Example 1-4" An a-SiTFT active matrix
substrate 100 in Example 1-4 is  different from the a-SiTFT active matrix
substrate 100 in Examples  1-1 to 1-3 only in the composition of the
transparent electroconductive  film 9, and the structure thereof is
substantially the same as in  Fig. 1. Accordingly, the a-SiTFT active matrix
substrate 100 of  Example 1-4 will also be described using Fig. 1. [0304]
As illustrated in Fig. 1, ametallicAl (alloy) (the composition  weights:
Al/Ni = 99/1) was deposited onto a light-transmissible  glass substrate 1 by
high-frequency sputtering so as to have a film  thickness of 2000 A. Next,
the deposited Al made of the metallic  Al was etched into a shape
illustrated in Fig. 1 by photo-etching  using a phosphoric acid/acetic
acid/nitric acid/water (the ratio  by volume = 9/6/1/2)-based aqueous
solution as an etchant to form  agate electrode 2 and agate electrodewiring
12. This glass substrate  1 corresponds to one example of the transparent
substrate described  in the claims. [0305] 



124 Next, a silicon nitride film (hereinafter, denoted as a SiN  film in
some cases), which would be a gate insulation film 3, was  deposited by glow
discharge CVD, as illustrated in Fig. 1, to have  a film thickness of 3000
A. Subsequently, as illustrated in Fig.  1, an a-Si: H (i) film 4 was
deposited thereon to have a film thickness  of 3500 A, and further a silicon
nitride film (SiN film) , which would  be a channel protective layer 5, was
deposited thereon to have a  film thickness of 3000 A. [0306]  At the
discharge gas at this time, a SiH4-NH3-N2-based mixed  gas was used about
the gate insulation film 3 and the channel protective  layer 5, which were
each made of the SiN film, while a SiH4-N2-based  mixed gas was used about
the (x-Si: H (i) film 4. The channel protective  layer 5, which was made of
the SiN film, was etched by dry etching  using a CHF-based gas to form a
shape illustrated in Fig. 1.  [0307] Subsequently, a SiH4-H2-PH3-based mixed
gas was used to deposit  an a-Si: H (n) film 6, as illustrated in Fig. 1, to
have a film thickness  of 3000 A. Next, a metallic Mo/metallic Al (alloy)
(the composition  weight %: Al/Ni = 99/1) bi-layered film was successively
deposited  on the deposited a-Si:H (n) film 6 by sputtering so as to make
the  film thickness of metallic Mo for the lower layer to 0.05 pm and  set
that of metallic Al for the upper layer to 0.2 pm. 125 



This metallic Mo/metallic Al bi-layered film was etched into  a shape
illustrated in Fig. 1 by photo-etching using a phosphoric  acid/acetic
acid/nitric acid/water (the ratio by volume = 9/6/1/2)-based aqueous
solution, so as to form a pattern of a drain  electrode 7 and a pattern of a
source electrode 8. [0308]  Next, a combination of dry etching using a
CHF-based gas and  wet etching using an aqueous hydrazine (NH2NH2H20)
solution was used  to form a pattern of the a-Si:H (i) film 4 and a pattern
of the a-Si:H  (n) film 6, each of which was made of the a-Si:H film. As
illustrated  in Fig. 1, a transparent resin resist 10 was used to form a
protection  film and further a pattern of through holes and so on was
formed.  [0309] Next, an amorphous transparent electroconductive film 9 made
mainly of indium oxide and nickel oxide was deposited on the substrate
subjected to the above-mentioned processing. The target used in the
sputtering was an In2O3-NiO sintered body prepared to set the value  of
[In]/([In] + [Ni]), which is an atomic ratio between In and Ni  in the
target, to 0.95. The [In] represents the number per unit volume  of the
indium atoms in the transparent electroconductive film 9 and  the [Ni]
represents the number per unit volume of the nickel atoms  in the
transparent electroconductive film 9. [0310]  In the sputtering, this
In2O3-NiO sintered body was used to  126 be arranged onto a planar
magnetron-based cathode, and the transparent  



electroconductive film 9 was deposited to make the film thickness  to 1000
A. At this time, pure argon gas or argon gas into which 02  gas was
incorporated in a small amount of about 1% by volume was  used as the
discharge gas at the time of the sputtering. [0311]  The form that nickel is
contained in the target may be a form  that nickel is dispersed as a nickel
oxide such as Nio in the indium  oxide sintered body, or may be a form that
nickel is dispersed as  a complex oxide of indium and nickel, such as
In2NiO4, in the indium  oxide sintered body. Preferred is a form that nickel
atoms undergo  substitution/solid-solution into indium sites of indium
oxide,  whereby nickel is dispersed into the indium oxide sintered body at
an atomic level. Such a case, in which nickel is dispersed into the  indium
oxide sintered body at an atomic level, is more effective  for stabilizing
discharge in the sputtering or obtaining the  transparent electroconductive
film 9 having a low resistance. The  relative density of the target made of
this In2O3-NiO sintered body  was 97%. A different test demonstrated that if
the relative density  of the target made of this In2O3-NiO sintered body was
95% or more,  nodules or overdischarge was not generated. [0312]  The
transparent electroconductive film 9, which was the  In2O3-NiO f ilm f
ormedby the sputtering, was analyzedbyX-ray analysis. 127 As a result, no
peak was observed so that it was proved that the  film was an amorphous
film. The specific resistance of the  



transparent electroconductive film 9, which was this In2O3-NiO film,  was
about 4.6 x 10-4 12cm. Thus, it was proved that the film was a  film which
was able to be satisfactorily used as an electrode. It  was also proved that
when tin oxide was incorporated into the  above-mentioned target in an
amount of 1 to 10% by weight, the specific  resistance of the formed
transparent electroconductive film 9 was  2.2 x 10-4 1cm or less. [0313]
This transparent electroconductive film 9, which was the  In2O3-NiO film,
was etched by photo-etching using a 3.2% by weight  solution of oxalic acid
in water as an etchant in order to give a  pattern of a transparent pixel
electrode. In this way, the pattern  of the transparent pixel electrode,
which was made of the amorphous  electrode of the transparent
electroconductive film 9 illustrated  in Fig. 1, was formed. At this time,
the pattern of the source electrode 8 and the  pattern of the transparent
pixel electrode, which was made of the  transparent electroconductive film
9, were formed into desired  patterns so as to be electrically connected to
each other. At this  time, the source electrode 8 and the drain electrode 7,
made of the  metallic Al, neither underwent line-breaking nor
line-narrowing.  Next, this glass substrate 1 was thermally heated at 250C
for 30  128 minutes. This 3.2% by weight solution of oxalic acid in water
corresponds to the acidic etchant containing oxalic acid described  in the
claims. 



[0314]  Thereafter, a SiN passivation film (not illustrated) and a
light-shielding pattern (not illustrated) were formed to produce  an a-SiTFT
active matrix substrate 100 illustrated in Fig. 1. On  the glass substrate 1
in this a-SiTFT active matrix substrate 100,  the pattern of the pixel
section and so on illustrated in Fig. 1  and the same patterns were
regularly formed. In other words, the  a-SiTFT active matrix substrate 100
of Example 1-4 was an array  substrate. This a-SiTFT active matrix substrate
100 corresponds to  one preferred example of the thin film transistor
substrate described  in the claims in the same manner as in Example 1-1.
[0315]  A liquid crystal layer and a color filter substrate were formed  on
this a-SiTFT active matrix substrate 100, thereby producing a  TFT-LCD
system flat display. This TFT-LCD system flat display  corresponds to one
example of the thin film transistor liquid crystal  display described in the
claims. About this TFT-LCD system flat  display, a lighting test was made.
Asa result, there was no defective  pixel electrode so that favorable
display was able to be attained.  [0316] "Example 1-5" 129 In Examples 1-1
to 1-4, there have been described examples  wherein the etchant used when
the transparent electroconductive film  9 was etched was a 3.2% by weight
solution of oxalic acid in water;  however, the etchant used when the
transparent electroconductive  



film 9 is etched is also preferably a mixed acid composed of phosphoric
acid, acetic acid and nitric acid or a solution of cerium (IV) ammonium
nitrate in water besides the above-mentioned aqueous oxalic acid  solution.
[03171  "Example 1-6" As described in Examples 1-1 to 1-4, various oxides
were used  for the respective transparent electroconductive films 9 in the
present embodiment. In the Example 1-6, the electrode potentials  of these
oxides to a Ag/AgCl standard electrode were measured. The  measurement was
carried out by measuring the electrode potentials  thereof in various
electrolytes (electrolytic solutions). In Table 1 are shown measurement
examples wherein a 2.8% by  weight solution of TMAH (tetramethylammonium
hydroxide) in water  was used as one of the electrolytes. On the other hand,
in Table  2 are shown measurement examples wherein a peeling or releasing
solution was used as one of the electrolytes. [0318]  [Table 1] 130 Table 1
Standart electrode Potentoal difference  Electrolyte potential(V)(relative
to M from Al Ag/AgCI electrode) (absolute value)  Transparent
electroconductive film 2.8wt% TMAH -0. 352 0.543 of Example 1-1 (1n203-W03)
solution in water 



Transparent electroconductive film 2.8wt% TMAH -0. 386 0.509  of Example 1-2
(In203 Mo03) solution in water Transparent electroconductive film 2.8wt%
TMAH -0. 365 0.530  of Example 1-3 (In1O3-Nb205) solution in water
Transparent electroconductive film 2.8wt% TMAH -0. 378 0.517  of Example 1-4
(In203 Ni0) solution in water ITO 28wt% TMAH -0. 238 0. 657  solution in
water rzo 2.8wt%TMAH -0.247 0.648  solution in water AI 2.8wt% TMAH -0. 895
- solution in water AI-Nd(lwt%) 2.8wt%TMAH _0.848  solution in water TMAH;
tetramethylammonium hydroxide As illustrated in Table 1, the potential
(relative totheAg/AgCl  electrode) of the transparent electroconductive
filmmade of In2O3-WO3  used in Example 1-1 was -0.352 V. The absolute value
of the potential  difference from Al was 0.543 V (see Table 1). [0319]  The
potential (relative to the Ag/AgCl electrode) of the  transparent
electroconductive film made of In2O3-MoO3 used in Example  1-2 was -0.386 V
(see Table 1) . The absolute value of the potential  difference from Al was
0.509 V (see Table 1). The potential (relative to the Ag/AgCl electrode) of
the  transparent electroconductive filmmade of In2O3-Nb2O5 used in Example  



131 1-3 was -0.365 V (see Table 1) . The absolute value of the potential
difference from Al was 0.530 V (see Table 1). The potential (relative to the
Ag/AgCl electrode) of the  transparent electroconductive film made of
In2O3-NiO used in Example  1-4 was -0.378 V (see Table 1) . The absolute
value of the potential  difference from Al was 0.517 V (see Table 1). [0320]
On the other hand, the potential (relative to the Ag/AgCl  electrode) of the
transparent electroconductive film made of ITO  was -0.238 V (see Table 1) .
The absolute value of the potential  difference from Al was 0.657 V (see
Table 1). [0321]  The potential (relative to the Ag/AgCl electrode) of the
transparent electroconductive film made of IZO was -0.247 V (see  Table 1) .
The absolute value of the potential difference from Al  was 0.648 V (see
Table 1). [0322]  The potential (relative to the Ag/AgCl electrode) of Al,
which  is a comparative object in the above, was -0.895 V (see Table 1)  The
potential (relative to the Ag/AgCl electrode) of an Al-Nd  (composition
ratio of Nd: 1% by weight) alloy was -0.848 V (see Table  1). [0323]  In the
case where Al electrically contacts a transparent  132 



electrode and further Al contacts an electrolyte as described above,  a
potential difference (electromotive force) as shown in Table 1  is
generated. It appears that this potential difference (electromotive force)
causes acceleration of corrosion of the Al  electrode. As shown in Table 1,
the transparent electrode of the  invention makes it possible that the
potential difference (electromotive force) thereof from Al is made smaller
than that of  ITO or IZO by about 0.1 V or more. According to the invention,
the  potential difference (electromotive force) becomes small in this  way;
it is therefore evident that corrosion reaction of the electrode  is
restrained. [0324]  Next, the measurement results in the case of using a
peeling  solution as the electrolyte are shown in Table 2. This peeling
solution was a solution wherein diethanolamine and  N-methylpyrrolidone were
mixed at a ratio of 30% by volume to 70%  by volume. [0325]  [Table 2] 133
Table 2 Electrolyte Standart electrode Potentoal difference  potential(V)
(relative to (V) from Al (absolute  Ag/AgGI electrode) value)
Transparentelectroconductive film of Example 1-1 6rtz03-W03) Peeling
solution -0. 248 0. 472  



Transparentelectroconductive Peeling solution -0. 268 0. 452  film of
Example 1-2 (1n203 Mo03) Transparentelectroconductive Peeling solution -0.
256 0. 464  film of Example 1-3 (1n203 Nb20) Transparentelectroconductive
film of Example 1-4 Orr 03Ni0) Peeling solution -0. 287 0. 433  ITO Peeling
solution -0. 120 0. 600  IZO Peeling solution Al Peeling solution -0,720 -
AI-Nd(lwt%) Peeling solution Pealing solution :
dethenolamine/N-methylpyrrolidone=30:70% by volume As shown in Table 2, the
potential (relative to the Ag/AgCl  electrode) of the transparent
electroconductive filmmade of In2O3-WO3  used in Example 1-1 was -0.248 V.
The absolute value of the potential  difference from Al was 0.472 V (see
Table 2). [0326]  The potential (relative to the Ag/AgCl electrode) of the
transparent electroconductive film made of In2O3-MoO3 used in Example  1-2
was -0.286 V (see Table 2) . The absolute value of the potential  difference
from Al was 0.452 V (see Table 2). The potential (relative to the Ag/AgCl
electrode) of the  transparent electroconductive filmmade of In2O3-Nb2O5
used in Example  134 1-3 was -0.256 V (see Table 2) . The absolute value of
the potential  



difference from Al was 0.464 V (see Table 2). [0327]  The potential
(relative to the Ag/AgCl electrode) of the  transparent electroconductive
film made of In2O3-NiO used in Example  1-4 was -0.287 V (see Table 2) . The
absolute value of the potential  difference from Al was 0.433 V (see Table
2). [0328]  On the other hand, the potential (relative to the Ag/AgCl
electrode) of the transparent electroconductive film made of ITO  was -0.120
V (see Table 2). The absolute value of the potential  difference from Al was
0.600 V (see Table 2). [0329]  The potential (relative to the Ag/AgCl
electrode) of Al, which  is a comparative object in the above, was -0.720 V
(see Table 1).  [0330] In the case that Al electrically contacts a
transparent  electrode and further Al contacts an electrolyte as described
above,  a potential difference (electromotive force) as shown in Table 2  is
generated. It appears that this potential difference  (electromotive force)
causes acceleration of corrosion of the Al  electrode. As shown in Table 2,
the transparent electrode of the  invention makes it possible that the
potential difference  (electromotive force) thereof from Al is made smaller
than that of 135 ITO or IZO by about 0.1 V or more. According to the
invention, the  potential difference (electromotive force) becomes small in
this  



way; it is therefore evident that corrosion reaction of the electrode  is
restrained. [0331]  "Modified Example 1-1" Fig. 2 illustrates a sectional
view of a vicinity of a different  a-SiTFT active matrix substrate 200 of
the example. A characteristic  of the a-SiTFT active matrix substrate 200 of
the Modified Example  1-1 is that a transparent electroconductive film 9 is
formed directly  on a source electrode 108 without forming any transparent
resin resist. As illustrated in Fig. 2, a drain electrode 7 and the source
electrode 8 in the Modified Example 1 are each made of a metallic
Cr/metallic Al bi-layered film. In the same manner as in above  Examples 1-1
to 1-4, it is also preferred that the drain electrode  7 and the source
electrode 8 are each made of a metallic Mo/metallic  Al bi-layered film. In
the drain electrode 7 and the source electrode  8 in Fig. 2, their lower
layer was a layer made of metallic Cr, and  their upper layer was a layer
made of metallic Al. [0332]  As illustrated in Fig. 2, as a gate electrode
102 in the Modified  Example 1-1, there is described an example having a
mono-layered  structure made of a metallic Al layer. In the same manner as
the  gate electrode 2 in above Examples 1-1 and 1-2, this gate electrode 136
102 preferably has a bi-layered structure composed of an Al layer  and a Mo
layer. In the same manner as in above Example 1-3, it is  also preferred
that the metallic Al layer is made of a metallic Al  



(alloy) (the composition weight A/Ni = 99/1). The a-SiTFT active matrix
substrate 200 of the Modified Example  1-1, illustrated in Fig. 2, produces
the same effects and advantages  as the a-SiTFT active matrix substrate 100
of above Examples 1-1  to 1-4. [0333]  Second group The following will
describe the best embodiment for carrying  out the invention of the second
group. [0334]  "Example 2-1" In2O3 powder having an average particle
diameter of 1 m or  less, W03 powder having an average particle diameter of
1 pm or less,  and CeO2 powder having an average particle diameter of 1 m or
less  were formulated to set the atom number ratio represented by
[tungsten]/([tungsten] + [indium]) and the atom number ratio  represented by
[cerium]/([cerium] + [indium]) to 0.02 and 0.03,  respectively. [0335]  Such
atom number ratios are shown in Table 3. In the present  patent, W, Mo, Nb,
Ni, Pt and Pd are called the first metal group, 137 and are together denoted
as "Ml". This Ml is also used as a symbol  representing any one of W, Mo,
Nb, Ni, Pt and Pd. In Table 3 also,  Ml is used as a symbol representing any
metal of W, Mo, Nb, Ni, Pt  and Pd. 



[0336]  [Table 3]  Table 3 Confect resiaterce  IMiun Oxide Tmrsparanl -th Al
Ml M2 M3 Relative {,  Mi M2 M3 density avarege rrticle electrode specific
[In)+[M1] [In]+(M2] [1,]+ [M31 ~ dierreter resb+arce Glass/AI/ Glass/  4m
MOcm traraperent traraperent  electrode electrode /Al Example2-1 W 0.02 C.
0.03 96 3.4 680 32.5 36.2  Example 2-2 V. 0.02 Eb 0.04 - - 96 3.5 520 34.6
38.7  Example 2-3 Nb 0.03 Er 0.05 Sn 0.05 97 3.7 545 26.7 27.7  Example2-4
Ni 0.05 C. 0.03 Zn 0.10 95 3.4 625 26.8 28.6  Example 2-5 Pt 0.02 Ce 0.03 Zn
0.10 95 3.7 585 30.4 35.4  Example 2-6 Pd 0.05 C. 0.03 Zn 0.10 95 316 685
31. 32.7  Example2-7 W 0.01 C. 0.03 Ge 0.03 97 318 720 32.2 34.9  Example
2-8 W 0.02 L. 0.03 G. 0.03 97 3.7 820 32.5 35.9  Comparative - - - - Sn 0.10
99 12.8 185 84.7 29.4  Example 2-1 Comparative - - - - Zn 0.16 98 3.8 295
88.5 35.4  Example 2-2 Comveretive W 0 25 C. 0,25 - - 84 15 1 M or mere 1 M
or more 1 M r more  Exampe 2-3 Camparaf2ve 4 W, 0. 26 Ce 0. 25 Sn 0. 4 50 -
1 M or "vre 1 M or more 1 M or more  Exempla 



In the present patent, lanthanoid-based metals are called the  second metal
group, and are together denoted as "M2". This M2 is  also used as a symbol
representing any one of lanthanoid-based metals.  In Table 3 also, M2 is
used as a symbol representing a lanthanoid-based  138 metal. As specific
examples of lanthanoid-based metals, Ce, Ho, Er  and Ce are shown. [0337]
In the present patent, Zn, Sn, Zr, Ga and Ge are called the  third metal
group, and are together denoted as "M3". This M3 is also  used as a symbol
representing any one of Zn, Sn, Zr, Ga and Ge. In  Table 3 also, M3 is used
as a symbol representing any metal of Zn,  Sn, Zr, Ga and Ge. [0338]  In the
patent, the symbol of [ ] is used as a symbol representing  the number of
atoms per unit weight or unit volume. For example,  For example, [tungsten]
or [W] represents the number of tungsten  atoms, and [indium] or [In]
represents the number of indium atoms.  Accordingly, the above-mentioned
[tungsten] / ([tungsten]+ [indium])  represents the atom number ratio of
tungsten to indium. In the case  that this is described as [W]/( [W] +
[In]), the content thereof is  the same. [0339]  Similarly, the above
-mentioned[cerium]/([cerium]+ [indium])  represents the atom number ratio of
cerium to indium. In the case  



that this is described as [Ce]/([Ce] + [In]), the content thereof  is the
same. [0340]  Furthermore, the following descriptive formisalsoused:[Ml],
139 [M2], or [M3], wherein Ml, M2 or M3, which is one of the generic  names
of the above-mentioned metal groups, is inserted into [] . [Ml]  represents
the number of the atoms of one or more metals selected  appropriately from
the first metal group, [M2] represents the number  of the atoms of one or
more metals selected appropriately from the  second metal group, and [M3]
represents the number of the atoms of  one or more metals selected
appropriately from the third metal group.  [0341] After the formulation at
the above-mentioned ratio, the  resultant was put into a pot made of resin,
and further pure water  was poured into the pot. The components therein were
mixed with a  wet ball mill using a hard Zr02 ball mill. The time for the
mixing  was set to 20 hours. The resultant mixed slurry was taken out,
filtrated, dried and granulated. The resultant granulated product  was
molded by cold isostatic press under a pressure of 294 MPa (3  t/cm2) .
[0342]  Next, this molded product was sintered as follows. In a  sintering
furnace, the product was sintered at1500C in an atmosphere  wherein oxygen
was introduced at a rate of 5 L/min. per 0.1 m3 of  the volume inside the
furnace for 5 hours. At this time, the  



temperature was raised at 1C/min. up to 1000C, and at 3C/min. from  1000 to
1500C. Thereafter, the introduction of oxygen was stopped,  and the
temperature was lowered at 10C/min. from 1500 to 1300C. 140 The temperature
of 1300C was then kept in an atmosphere wherein argon  gas was introduced at
a rate of 10 L/min. per 0.1 m3 of the volume  inside the furnace for 3
hours. The product was naturally cooled,  thereby obtaining an 1n203
sinteredbody containing tungsten and cerium  and having a relative density
of 95% or more. [0343]  A specific calculated value of the relative density
was 96%,  as shown in Table 3. The theoretical density in this case was
calculated out from fractions by weight ofln203crystal(bixbite-based
structure) having no oxygen defects, W oxide, and Ce oxide.  [0344] A
sputtering surface of the sintered body was polished with  a cup grindstone
and worked into a diameter of 100 mm and a thickness  of 5 mm. This was
stuck to a backing plate by use of an indium-based  alloy to obtain a
sintered body target 1001. [0345]  In present Example 2-1, it is preferred
that tungsten is  dispersed, in particular, tungsten undergoes
substitution/solid-solution into indium sites of indium oxide. In  other
words, the form that tungsten is contained in the target may  be a form that
tungsten is dispersed as a tungsten oxide such as  W03 or W02 in the indium
oxide sintered body, or may be a form that  



tungsten is dispersed as a complex oxide between indium oxide and  tungsten
oxide, such as In2W3O12, in the indium oxide sintered body. 141 [0346]
About cerium, only cerium oxide may condense, or a part thereof may undergo
substitution/solid-solution into indium sites of indium  oxide. By such
dispersion, the average diameter of the cerium oxide  crystal grains, which
was obtained by image processing, was made  into 2.1 m. The condensation of
the cerium oxide is attained so  as to set the size of preferably to 5 pm or
less, more preferably  to 4 m or less, more preferably to 3 Nn or less. If
the dispersion  is insufficient so that the cerium oxide having a size of 10
pm or  more is present, overdischarge may be induced during sputtering
discharge or the cerium oxide may cause the generation of nodules.  [0347]
By dispersing as described above, the average diameter of the  indium oxide
crystal grains was made into 3.4 pm as shown in Table  3. This diameter was
obtained by image processing. [0348]  It is also preferred that tungsten
atoms undergo  substitution/solid-solution in indium sites of indium oxide,
whereby  tungsten is dispersed into the indium oxide sintered body at an
atomic  level. By such dispersion, the following advantages are produced:
electric discharge is stabilized at the time of sputtering and the
resistance of the resultant transparent electroconductive thin film  is made
low. 



[0349] 142 "Example 2-2" In2O3 powder having an average particle diameter of
1 pm or  less, MoO3 powder having an average particle diameter of 1 m or
less,  and Ho2O3 powder having an average particle diameter of 1 m or less
were used as starting powders. The In2O3 powder, the MoO3 powder and  the
Ho203 powder were formulated at a given ratio, put into a pot  made of
resin, and mixed with a wet ball mill. At this time, hard  Zr02 balls were
used, and the time for the mixing was set to 20 hours.  The resultant mixed
slurry was taken out, filtrated, dried and  granulated. The resultant
granulated product was filled into a  circular mold, and was molded into a
disk shape by cold isostatic  press under a pressure of 3 ton/cm2. [0350]
At this time, the composition ratio of Mo, which is one in  the first metal
group M1, to indium ([Mo]/([Mo] + [In])) was 0.02,  and the composition
ratio of Ho, which is one in the second metal  group M2, to indium ([Ho] /
([Ho] + [In]) ) was 0.04. The same content  is shown in Table 3. [0351]
Next, the molded product was put into an atmosphere-adjusting  furnace, and
then sintered. At the time of the sintering, oxygen  was introduced into the
furnace at a rate of 5 L/min. per 0.1 m3 of  the volume inside the furnace.
At the same time, the molded body  was sintered at 1500C for 5 hours. At
this time, the temperature 



143 was raised at 1 C/min. up to 1000C, and at 3 C/min. from 1000 to  1500C.
After the end of the sintering, the introduction of oxygen  was stopped, and
the temperature was lowered at 10 C/min. from 1500  to 1300C. The
temperature of 1300C was then kept for 3 hours while  Ar was introduced into
the furnace at a rate of 10 L/min. per 0.1  m3 of the volume inside the
furnace. Thereafter, the product was  naturally cooled, thereby obtaining a
sintered body 2 containing  Mo and having a density of 90% or more. A
specific calculated value  of the relative density was 96%, as shown in
Table 3. The theoretical  density in this case was calculated out from
fractions by weight  of In2O3 crystal (bixbite-based structure) having no
oxygen defects,  Mo oxide, and Ho oxide. [0352]  Next, a sputtering surface
of the sintered body was polished  with a cup grindstone and worked into a
diameter of 152 mm and a  thickness of 5 mm. In this way, a target 1002 was
obtained.  [0353] The form that the molybdenum element is contained in the
target  may be a form that molybdenum is dispersed as a molybdenum oxide
such as MoO3 or MoO2 in the indium oxide sintered body, or may be  a form
that molybdenum is dispersed as a complex oxide of indium  and molybdenum,
such as InMo4O6, In2Mo3012 or In11Mo4062, in the indium  oxide sintered
body. Preferred is a form that molybdenum atoms  undergo
substitution/solid-solution into indium sites of indiumoxide,  144 



whereby molybdenum is dispersed into the indium oxide sintered body  at an
atomic level. Such a case has advantageous effects of making  discharge in
sputtering stable and making the resistance of the  (transparent
electroconductive) f ilmproduced by the sputtering low.  [0354] About
holmium,onlyholmiumoxidemaycondense,orapartthereof  may undergo
substitution/solid-solution into indium sites of indium  oxide. By such
dispersion, the average diameter of the holmium oxide  crystal grains
obtained by image processing was made into 1.8 fun.  The condensation of the
holmium oxide is attained so as to set the  size preferably to 5 fun or
less, more preferably to 4 pm or less,  more preferably to 3 pm or less. If
the dispersion is insufficient  so that the cerium oxide having a size of 10
pm or more is present,  overdischarge may be induced during sputtering
discharge or the  holmium oxide may cause the generation of nodules. [0355]
By dispersing in this way, the average diameter of the indium  oxide crystal
grains was made into 3. 6 fun as shown in Table 3. This  diameter was
obtained by image processing. [0356]  "Example 2-3" In2O3 powder, Sn02
powder, Nb205 powder, and Er203 powder each  having an average particle
diameter of 1 pm or less were used as  starting powders. First, the 1n203
powder, Sn02powder, Nb205 powder,  145 and Er203 powder were weighed into
given amounts, and the weighed  



powders were mixed, put into a pot made of resin, and mixed with  a wet ball
mill using water as a medium. At this time, hard ZrO2  balls were used, and
the time for the mixing was set to 20 hours.  Thereafter, the mixed slurry
was taken out, filtrated, dried and  granulated. The resultant granulated
product was filled into a mold,  and was molded into a given form by cold
isostatic press under a  pressure of 3 ton/cm2. [0357]  At this time, the
composition ratio of Nb, which is one in  the first metal group Ml, to
indium ([Nb]/([Nb] + [In])) was 0.03,  the composition ratio of Er, which is
one in the second metal group  M2, to indium ([Er]/([Er] + [In])) was 0.05,
and the composition  ratio of Sn, which is one in the third metal group M3,
to indium  ([Sn]/([Sn] + [In])) was 0.05. The same content is shown in Table
3. [0358]  In the present patent, Zn, Sn, Zr, Ga and Ge are called the
third metal group, and are together denoted as "M3". This M3 is also  used
as a symbol representing any one of Zn, Sn, Zr, Ga and Ge. In  Table 3 also,
M3 is used as a symbol representing any metal of Zn,  Sn, Zr, Ga and Ge.
[0359]  In the patent, the symbol of [ ] is used as a symbol representing
146 the number of atoms per unit weight or unit volume. For example,
[niobium] or [Nb] represents the number of niobium atoms, and [indium]  



or [In] represents the number of indium atoms. Accordingly, the
above-mentioned [Nb]/([Nb] + [In]) represents the atom number ratio  of
tungsten to indium. In the case that this is described as
[niobium]/([niobium] + [indium]), the content thereof is the same.  [0360]
Similarly, the above-mentioned [Sn]/([Sn] + [In]) represents  the atom
number ratio of tin to indium. In the case that this is  described as
[tin]/([tin] + [indium]), the content thereof is the  same. [0361]  In the
present patent, [M3] is used as a symbol representing  the number of one or
two or more metal(s) selected from the third  metal group M3. [0362]  Next,
the resultant molded products were each sintered through  the following
steps. [0363]  First, oxygen was caused to flow into a sintering furnace at
a rate of 5 L/min. per 0.1 m3 of the volume inside the furnace, and  the
temperature of 1500C was kept for 5 hours. At this time, the  temperature
was raised at 1 C/min. up to 1000C, and at 3 C/min.  from 1000 to 1500C.
Thereafter, the inflow of oxygen was stopped, 147 and the temperature was
lowered at 10 C/min. from 1500 to 1300C.  Thereafter, Ar was caused to flow
into the furnace at a rate of 10  L/min. per 0.1 m3 of the volume inside the
furnace, and the temperature  



of 1300C was then kept for 3 hours. Thereafter, the product was  naturally
cooled. The density of the resultant sintered body was  measured in
accordance with Archimedes' method using water. The  relative density
thereof was calculated from the theoretical density  thereof. The
theoretical density in this case was calculated out  from fractions by
weight of In2O3 crystal (bixbite-based structure)  having no oxygen defects,
Sb oxide, Nb oxide, and Er oxide. The  calculated value of the relative
density was specifically 97% as  shown in Table 3. [0364]  The contents of
Sn, Nb and Er in the sintered body were  quantitatively analyzed by ICP
emission analysis. As a result, it  was proved that the charge composition
at the time of mixing the  starting powders was maintained. [0365]  Next, a
sputtering surface of the resultant sintered body was  polished with a cup
grindstone and worked into a diameter of 152  mm and a thickness of 5 mm,
thereby obtaining a sintered body target  for a transparent
electroconductive thin film. An In-based alloy  was used to stick this
target to a backing plate to make a target  1003 for sputtering. 148 [0366]
The form that tin, niobium and erbium are incorporated into the target for
sputtering may be a form that they are dispersed as  a tin oxide (SnO, Sn02
or Sn3O4) , a niobium oxide (Nb2O5, Nb203 or NbO)  



and an erbium oxide (ErO or ErO3), or may be a form that they are  dispersed
as complex oxides between indium oxide and tin oxide, indium  oxide and
niobium oxide, and indium oxide and erbium oxide.  [0367] Very preferred is
a form that tin, niobium and erbium atoms  undergo
substitution/solid-solution into indium sites of indiumoxide,  whereby they
are dispersed into the indium oxide sintered body at  an atomic level.
According to this dispersion form, electric  discharge is stable in
sputtering and a homogeneous film low in  resistance is obtained. By such
dispersion, the average diameter  of crystal grains of the indium oxide was
made into 3. 7 pm, as shown  in Table 3. This diameter was obtained by image
processing.  "Example 2-4" In2O3 powder, ZnO powder, NiO powder, and CeO2
powder each having  an average particle diameter of 1 dun or less were used
as starting  powders. First, the In2O3 powder, ZnO powder, and NiO powder
were  weighed into given amounts, and the weighed powders were mixed, put
into a pot made of resin, and mixed with a wet ball mill using water  as a
medium. At this time, hard ZrO2 balls were used, and the time  for the
mixing was set to 20 hours. Thereafter, the mixed slurry  149 was taken out,
filtrated, dried and granulated. The resultant  granulated product was
filled into a mold, and was molded into a  given form by cold isostatic
press under a pressure of 3 ton/cm2,  so as to obtain molded products. Next,
the resultant molded products  were each sintered through the following
steps. 



[0368]  First, oxygen was caused to flow into a sintering furnace at  a rate
of 5 L/min. per 0.1 m3 of the volume inside the furnace, and  the
temperature of 1500C was kept for 5 hours. At this time, the  temperature
was raised at 1 C/min. up to 1000C, and at 3 C/min.  from 1000 to 1500C.
Thereafter, the inflow of oxygen was stopped,  and the temperature was
lowered at 10 C/min. from 1500 to 1300C.  Thereafter, Ar was caused to flow
into the furnace at a rate of 10  L/min. per 0.1 m3 of the volume inside the
furnace, and the temperature  of 1300C was then kept for 3 hours.
Thereafter, the product was  naturally cooled. [0369]  The composition ratio
of Ni, which is one in the first metal  group Ml, to indium ([Ni]/([Ni] +
[In])) was 0.05, the composition  ratio of Ce, which is one in the second
metal group M2, to indium  ([Ce] / ([Ce] + [In])) was 0.03, and the
composition ratio of Zn, which  is one in the third metal group M3, to
indium ([Zn]/([Zn] + [In]))  was 0.10. The same content is shown in Table 3.
[0370] 150 The density of the sintered body obtained as described above  was
measured in accordance with Archimedes' method using water. The  relative
density thereof was calculated from the theoretical density  thereof. The
theoretical density in this case was calculated out  from fractions by
weight of In2O3 crystal (bixbite-based structure)  having no oxygen defects,
Zn oxide, Ni oxide, and Ce oxide. The  



calculated value of the relative density was specifically 95% as  shown in
Table 3. [0371]  The contents of Zn, Ni and Ce in the sintered body were
quantitatively analyzed by ICP emission analysis. As a result, it  was
proved that the charge composition at the time of mixing the  starting
powders was maintained. [0372]  Next, a sputtering surface of the resultant
sintered body was  polished with a cup grindstone and worked into a diameter
of 152  mm and a thickness of 5 mm, thereby obtaining a sintered body target
for a transparent electroconductive thin film. An In-based alloy  was used
to stick the target to a backing plate to make a sputtering  target 1004.
[0373]  The form that zinc, nickel and cerium are incorporated into  the
target 4 for sputtering may be a form that they are dispersed  as a zinc
oxide (ZnO), a nickel oxide (CeO or Ce203) and a cerium 151 oxide (CeO4 or
Ce203), or may be a form that they are dispersed as  a complex oxide of
indium oxide and zinc oxide (In2Zn2O5, In2Zn5O8,  In2Zn7O1o, In2Zn3O6 and
In2Zn4O7) [0374]  Very preferred is a form that nickel and cerium atoms
undergo  substitution/solid-solution into indium sites of indium oxide,
whereby they are dispersed into the indium oxide sintered body at  



an atomic level. According to this dispersion form, electric  discharge is
stable in sputtering and the sputtering gives a  homogeneous film low in
resistance. By such dispersion, the average diameter of crystal grains  of
the indium oxide was made into 3.4 pm, as shown in Table 3. This  diameter
was obtained by image processing. [0375]  On the other hand, the process for
producing the sintered body  target (sputtering target) of the invention is
not particularly  limited except that a mixture wherein indium oxide, zinc
oxide, nickel  oxide and cerium oxide are mixed in given amounts is used. A
known  method is used to mix the four components, mold the mixture and
sinter  the molded product. Thereafter, the sintered body is shaped, whereby
the sintered body target (sputtering target) can be produced.  Components
other than the four components may be added to the sintered  body target as
long as the objects of the invention are not damaged.  [0376] 152 "Example
2-5" In2O3 powder, ZnO powder, Pt02 powder, and CeO2 powder each  having an
average particle diameter of 1 m or less were used as  starting powders.
First, the In2O3 powder, ZnO powder, and Pt02 powder  were weighed into
given amounts, and the weighed powders were mixed,  put into a pot made of
resin, and mixed with a wet ball mill using  water as a medium. At this
time, hard ZrO2 balls were used, and the  time for the mixing was set to 20
hours. Thereafter, the mixed slurry  



was taken out, filtrated, dried and granulated. The resultant  granulated
product was filled into a mold, and was molded into a  given form by cold
isostatic press under a pressure of 3 ton/cm2,  so as to obtain molded
products. Next, the resultant molded products  were (each) sintered through
the following steps. [0377]  Oxygen was caused to flow into a sintering
furnace at a rate  of 5 L/min. per 0.1 m3 of the volume inside the furnace,
and the  temperature of 1450C was kept for 5 hours. At this time, the
temperature was raised at 1 C/min. up to 1000C, and at 3 C/min.  from 1000
to 1450C. Thereafter, the inflow of oxygen was stopped,  and the humidity
was lowered at 10 C/min. from 1450 to 1300C.  Thereafter, Ar was caused to
flow into the furnace at a rate of 10  L/min. per 0. 1 m3 of the volume
inside the furnace, and the temperature  of 1300C was then kept for 3 hours.
Thereafter, the product was  naturally cooled. 153 [0378]  The composition
ratio of Pt, which is one in the first metal group Ml, to indium ([Pt]/([Pt]
+ [In])) was 0.02, the composition  ratio of Ce, which is one in the second
metal group M2, to indium  ([Ce] / ([Ce] + [In] ) ) was 0.03, and the
composition ratio of Zn, which  is one in the third metal group M3, to
indium ([Zn]/([Zn] + [In]))  was 0.10. The same content is shown in Table 3.
[0379]  The density of the sintered body obtained as described above  



was measured in accordance with Archimedes' method using water. The
relative density thereof was calculated from the theoretical density
thereof. The theoretical density in this case was calculated out  from
fractions by weight of In2O3 crystal (bixbite-based structure)  having no
oxygen defects, Zn oxide, Pt oxide, and Ce oxide. The  calculated value of
the relative density was specifically 95% as  shown in Table 3. [0380]  The
contents of Zn, Pt and Ce in the sintered body were  quantitatively analyzed
by ICP emission analysis. As a result, it  was proved that the charge
composition at the time of mixing the  starting powders was maintained.
[0381]  Next, a sputtering surface of the resultant sintered body was
polished with a cup grindstone and worked into a diameter of 152 154 mm and
a thickness of 5 mm, thereby obtaining a sinteredbody sputtering  target for
a transparent electroconductive thin film. An In-based  alloy was used to
stick the sputtering target to a backing plate  to make a sputtering target
1005. [0382]  The form that zinc, nickel and cerium are incorporated into
the sputtering target 4 may be a form that they are dispersed as  a zinc
oxide (ZnO), a platinum oxide (PtO2) and a cerium oxide (CeO4  or Ce203), or
may be a form that they are dispersed as a complex oxide  of indium oxide
and zinc oxide (In2Zn2O5, In2Zn5O8, In2Zn701o, In2Zn3O6  



and In2Zn4O7) [0383]  Particularly preferred is a form that platinum and
cerium atoms  undergo substitution/solid-solution into indiumsitesof
indiumoxide,  whereby they are dispersed into the indium oxide sintered body
at  an atomic level since electric discharge is stable in sputtering  and
the sputtering gives a homogeneous film low in resistance.  [0384] This is
because: when cerium oxide undergoes solid-solution  into indium oxide,
cerium of quadrivalence occupies sites of indium  of trivalence in the film
of the indium oxide, thereby discharging  carrier electrons to increase the
electroconductivity. [0385]  A part of the cerium oxide may be present in
the form of the  155 cerium oxide alone. When the cerium oxide is present in
the form  of only the cerium oxide in this way, abnormal growth of the
crystal  of the indium oxide is restrained. Thus, the generation of nodule
or the generation of overdischarge is restrained. [0386]  By such
dispersion, the average diameter of the crystal grains  of the indium oxide
was made into 3.7 pm, as shown in Table 3. This  diameter was obtained by
image processing. [0387]  On the other hand, the process for producing the
sintered body  (sputtering) target of the invention is not particularly
limited  



except that a mixture wherein indium oxide, zinc oxide, platinum  oxide and
cerium oxide are mixed in given amounts is used. A known  method is used to
mix the four components, mold the mixture and sinter  the molded product.
Thereafter, the sintered body is shaped, whereby  the sintered body
(sputtering) target can be produced. [0388]  Components other than the four
components may be added to the  sintered body (sputtering) target as long as
the objects of the  invention are not damaged. [0389]  "Example 2-6"
In2O3powder, ZnOpowder, PdOpowder, and CeO2- powder each having  an average
particle diameter of 1 pm or less were used as starting  156 powders. First,
the In2O3 powder, ZnO powder, and PdO powder were  weighed into given
amounts, and the weighed powders were mixed, put  into a pot made of resin,
and mixed with a wet ball mill using water  as a medium. At this time, hard
ZrO2 balls were used, and the time  for the mixing was set to 20 hours.
Thereafter, the mixed slurry  was taken out, filtrated, dried and
granulated. The resultant  granulated product was filled into a mold, and
was molded into a  given form by cold isostatic press under a pressure of 3
ton/cm2,  so as to obtain molded products. [0390]  Next, the resultant
molded products were each sintered through  the following steps. 



[0391]  Oxygen was caused to flow into a sintering furnace at a rate  of 5
L/min. per 0.1 m3 of the volume inside the furnace, and the  temperature of
1450C was kept for 5 hours. At this time, the  temperature was raised at 1
C/min. up to 1000C, and at 3 C/min.  from 1000 to 1450C. Thereafter, the
inflow of oxygen was stopped,  and the temperature was lowered at 10 C/min.
from 1450 to 1300C.  Thereafter, Ar was caused to flow into the furnace at a
rate of 10  L/min. per 0. 1 m3 of the volume inside the furnace, and the
temperature  of 1300C was then kept for 3 hours. Thereafter, the product was
naturally cooled. [0392] 157 The composition ratio of Pd, which is one in
the first metal  group Ml, to indium ([Pd]/([Pd] + [In])) was 0.05, the
composition  ratio of Ce, which is one in the second metal group M2, to
indium  ([Ce] / ([Ce] + [In])) was 0.03, and the composition ratio of Zn,
which  is one in the third metal group M3, to indium ([Zn]/([Zn] + [In]))
was 0.10. The same content is shown in Table 3. [0393]  The density of the
sintered body obtained as described above  was measured in accordance with
Archimedes' method using water. The  relative density thereof was calculated
from the theoretical density  thereof. The theoretical density in this case
was calculated out  from fractions by weight of In203 crystal (bixbite-based
structure)  having no oxygen defects, Zn oxide, Pd oxide, and Ce oxide. The



calculated value of the relative density was specifically 95% as  shown in
Table 3. [0394]  The contents of Zn, Pd and Ce in the sintered body were
quantitatively analyzed by ICP emission analysis. As a result, it  was
proved that the charge composition at the time of mixing the  starting
powders was maintained. Next, a sputtering surface of the  resultant
sintered body was polished with a cup grindstone and worked  into a diameter
of 152 mm and a thickness of 5 mm, thereby obtaining  a sintered body
(sputtering) target. An In-based alloy was used to  stick the target to a
backing plate to make a sputtering target 1006. 158 [0395]  The form that
zinc, palladium and cerium are incorporated into the sputtering target may
be a form that they are dispersed as a  zinc oxide (ZnO) , a palladium (Pd0)
and a cerium oxide (CeO4 or Ce203) ,  or may be a form that they are
dispersed as a complex oxide of indium  oxide and zinc oxide (In2Zn2O5,
In2Zn5O8, In2Zn7010, In2Zn3O6andIn2Zn4O7) .  Preferred is a form that
palladium and cerium atoms undergo  substitution/solid-solution into indium
sites of indium oxide,  whereby they are dispersed into the indium oxide
sintered body at  an atomic level since electric discharge is stable in
sputtering  and the sputtering gives a homogeneous film low in resistance.
[0396] This is because: when cerium oxide undergoes solid-solution  into
indium oxide in this way, cerium of quadrivalence occupies sites  



of indium of trivalence in the film of the indium oxide, thereby
discharging carrier electrons (from cerium) to increase the
electroconductivity. [0397]  A part of the cerium oxide may be present in
the form of only  the cerium oxide. When the cerium oxide is present in the
form of  only the cerium oxide in this way, abnormal growth of the crystal
of the indium oxide is restrained. Thus, the generation of nodule  or the
generation of overdischarge is restrained. [0398] 159 By such dispersion,
the average diameter of the crystal grains  of the indium oxide was made
into 3. 6 pm, as shown in Table 3. This  diameter was obtained by image
processing. [0399]  On the other hand, the process for producing the
sintered body  (sputtering) target of the invention is not particularly
limited  except that a mixture wherein indium oxide, zinc oxide, palladium
oxide and cerium oxide are mixed in given amounts is used. A known  method
is used to mix the four components, mold the mixture and sinter  the molded
product. Thereafter, the sintered body is shaped, whereby  the sintered body
(sputtering) target can be produced. [0400]  Components other than the four
components may be added to the  sintered body (sputtering) target as long as
the objects of the  invention are not damaged. 



[0401]  "Example 2-7" In2O3 powder having an average particle diameter of
1.0 m or  less, Ge02 powder having an average particle diameter of 1 pm or
less,  WO3 powder, and CeO2 powder were used as starting powders. The In2O3
powder, the Ge02 powder, the WO powder, and the Ce02 powder were first
formulated at a given ratio to obtain a sintered body having a  composition
of a [Ge]/[In] atomic ratio, [W]/[In], and [Ce]/[In]  shown in Table 3, put
into a pot made of resin, and mixed with a  160 wet ball mill. At this time,
hard Zr02 balls were used, and the time  for the mixing was set to 24 hours.
After the mixing, the slurry  was taken out, filtrated, dried and
granulated. This granulated  product was molded by cold isostatic press
under a pressure of 3  ton/cm2. [0402]  Next, this molded product was
sintered at 1300C, in an  atmosphere wherein oxygen was introduced into the
air in a sintering  furnace at a rate of 5 liters/minute per 0. 1 m3 of the
volume inside  the furnace, for 3 hours. At this time, the temperature was
raised  at a rate of 1C/minute. When the molded product was cooled after
the sintering, the introduction of oxygen was stopped and the  temperature
was lowered up to 1000C at 10 C/minute. [0403]  The composition ratio of W,
which is one in the first metal  group Ml, to indium ([W]/([W] + [In])) was
0.01, the composition  



ratio of Ce, which is one in the second metal group M2, to indium  ([Ce] /
([Ce] + [In])) was 0.03, and the composition ratio of Ge, which  is one in
the third metal group M3, to indium ([Ge]/([Ge] + [In])  was 0.03. The same
content is shown in Table 3. [0404]  A cracked part of the sintered body
obtained as described above  was crushed into pieces, and then
powderX-raydiffractionmeasurement  was carried out. As a result, only
diffraction peaks resulting from 161 an indium oxide phase having a
bixbite-based structure and cerium  oxide were observed. Accordingly, the
resultant sintered body was  a sintered oxide having the characteristics of
the invention.  [0405] The calculated value of the relative density of the
resultant  sintered body was 97%, as shown in Table 3. [0406]  EPMA analysis
of the fine structure of this sintered body  demonstrated that germanium and
tungsten oxide underwent solid  solution into the indium oxide phase, and
further about the cerium  oxide there were both of a portion where only
cerium oxide was present  and a portion where cerium oxide underwent
solid-solution into the  indium oxide. By dispersing in this way, the
average diameter of  the indium oxide crystal grains was made into 3.8 m as
shown in  Table 3. This diameter was obtained by image processing. This
sintered body was worked into a diameter of 101 mm and  a thickness of 5 mm,
and a sputtering surface thereof was polished  



with a cup grindstone, thereby obtaining a (sputtering) target.  Metallic
indium was used to bond the target to a backing plate made  of oxygen-free
copper to make a sputtering target. [0407]  Germanium  When germanium oxide
particles are present in a sputtering target, the target is electrified with
argon ions radiated from plasma  162 since the specific resistance of the
germanium oxide particles is  high. As a result, arcing is caused. This
tendency becomes more  remarkable as the electric power applied to the
target is made higher  to make the amount of the radiated argon ions larger.
[0408]  On the other hand, in the sputtering target (of the example)
according to the invention, the specific resistance of each of the  indium
oxide wherein germanium undergoes  substitution/solid-solution into indium
sites and the indium  germanate compound is low. In other words, high- res i
stance particles  are not present in the sputtering target; thus, the target
has a  characteristic that arcing is not easily generated even if the
applied  power is increased. For this reason, according to the example, a
film can be formed at a high speed by the application of a high electric
power. [0409]  The reason why the element of germanium (Ge) is incorporated
into the sintered oxide (of the example) according to the invention  



is that: in the case of forming a thin film from the sputtering target  into
which the germanium (Ge) element is incorporated by sputtering,  in the thin
film germanium of quadrivalence occupies sites of indium  of trivalence in
the indium oxide film, thereby discharging carrier  electrons to increase
the electroconductivity of the thin film.  [0410] 163 As described above, in
the invention, the germanium element  in the sputtering target is specified
to set the atomic ratio of  Ge/In into the range of 0.005 to 0.2 (inclusive)
. The reason why  the ratio is controlled into such a numerical range is
that if the  ratio is out of the range, the resistance value of the
resultant  thin film increases. [0411]  Tungsten  In the sputtering target
of the example, it is preferred that tungsten is dispersed therein. It is
particularly preferred that  tungsten undergoes substitution/solid-solution
into indium sites  of indium oxide. [0412]  That is to say, the form that
tungsten is contained in the  target may be a form that tungsten is
dispersed as a tungsten oxide  such as W03 or W02 in an indium oxide
sintered body, or may be a form  that tungsten is dispersed as a complex
oxide between indium oxide  and tungsten oxide such as In2W3O12 in an indium
oxide sintered body.  Particularly preferred is a form that tungsten atoms
undergo  



substitution/solid-solution into indium sites of indium oxide,  whereby
tungsten is dispersed into an indium oxide sintered body  at an atomic
level. Such dispersion at an atomic level makes electric  discharge in
sputtering stable. Furthermore, the atomic-level  dispersion is effective
since the dispersion makes the resistance 164 of the resultant transparent
electroconductive thin film low.  [0413] Cerium  When cerium oxide undergoes
solid-solution into indium oxide,  cerium of quadrivalence occupies sites of
indium of trivalence in  the film of the indium oxide. As a result, in the
example, carrier  electrons are discharged from cerium of quadrivalence so
that the  electroconductivity of the thin film increases. [0414]  A part of
the cerium oxide may be present in the form of only  the cerium oxide. When
the cerium oxide is present in the form of  only the cerium oxide in this
way, abnormal growth of the crystal  of the indium oxide is restrained.
Thus, the generation of nodule  or the generation of overdischarge is
restrained. [0415]  "Example 2-8" In2O3 powder having an average particle
diameter of 1 pm or  less, Ga203 powder having an average particle diameter
of 1 m or  less, W03 powder, and La203 powder were used as starting powders.
First, the In2O3 powder, the GaO2 powder, the WO powder, and the La203  



powder were formulated at a given ratio to obtain a sintered body  having a
composition ratio of a Ga/In atomic ratio, W/In, and La/In  shown in Table
3, put into a pot made of resin, and mixed with a  wet ball mill. At this
time, hard Zr02 balls were used, and the time  165 for the mixing was set to
24 hours. After the mixing, the slurry  was taken out, filtrated, dried and
granulated. This granulated  product was molded by cold isostatic press
under a pressure of 3  ton/cm2. [0416]  Next, this molded product was
sintered at 1450C, in an  atmosphere wherein oxygen was introduced into the
air in a sintering  furnace at a rate of 5 liters/minute per 0.1 m3 of the
volume inside  the furnace, for 3 hours. At this time, the temperature was
raised  at a rate of 1 C/minute. When the molded product was cooled after
the sintering, the introduction of oxygen was stopped and the  temperature
was lowered up to 1000C at 10 C/minute. [0417]  The composition ratio of W,
which is one in the first metal  group Ml, to indium ([W]/([W] + [In])) was
0.02, the composition  ratio of La, which is one in the second metal group
M2, to indium  ([La] / ([La] + [In])) was 0.03, and the composition ratio of
Ga, which  is one in the third metal group M3, to indium ([Ga]/([Ga] + [In])
was 0.03. The same content is shown in Table 3. [0418]  A cracked part of
the sintered body obtained as described above  



was crushed into pieces, and then powder X-ray di f fraction measurement
was carried out. As a result, only diffraction peaks resulting from  an
indium oxide phase having a bixbite-based structure and cerium 166 oxide was
observed.  [0419]  Accordingly, the sintered oxide of the example was a
sintered oxide having the characteristics of the invention. EPMA analysis
of the fine structure of the sintered body demonstrated that gallium
underwent solid solution into the indium oxide phase. By dispersing  in this
way, the average diameter of the indium oxide crystal grains  was made into
3.7 m as shown in Table 3. This average diameter was  obtained by image
processing. [0420]  The calculated value of the relative density of the
sintered  oxide of the example was specifically 97%, as shown in Table 3.
[0421] This sintered body was worked into a diameter of 101 mm and  a
thickness of 5 mm, and a sputtering surface thereof was polished  with a cup
grindstone, thereby obtaining a (sputtering) target.  Metallic indium was
used to bond this target to a backing plate made  of oxygen-free copper to
make a sputtering target. [0422]  Gallium  When gallium oxide particles are
present in a sputtering target, the target is electrified with argon ions
radiated from plasma since  



the specific resistance of the gallium oxide particles is high. As  a
result, arcing is caused. This tendency becomes more remarkable  167 as the
electric power applied to the target is made higher to make  the amount of
the radiated argon ions larger. [0423]  On the other hand, in the sputtering
target (of the example)  according to the invention, the specific resistance
of each of the  indium oxide wherein gallium undergoes
substitution/solid-solution  into indium sites and the indium gallate
compound is low (in other  words, high-resistance particles are not
present). Thus, the target  has a characteristic that arcing is not easily
generated even if  the applied power is increased. For this reason, in the
example,  a film can be formed at a high speed by the application of a high
electric power. [0424]  Tungsten  In the example, tungsten is dispersed in
the sputtering target. It is particularly preferred that tungsten undergoes
substitution/solid-solution into indium sites of indium oxide.  [0425] That
is to say, the form that tungsten is contained in the  sputtering target may
be a form that tungsten is dispersed as a tungsten  oxide such as W03 or W02
in an indium oxide sintered body, or may  be a form that tungsten is
dispersed as a complex oxide between indium  oxide and tungsten oxide such
as In2W3O12 in an indium oxide sintered  



body. 168 [0426]  Particularly preferred is a form that tungsten atoms
undergo substitution/solid-solution into indium sites of indium oxide,
whereby tungsten is dispersed into an indium oxide sintered body  at an
atomic level. Such dispersion at an atomic level makes it  possible that
electric discharge in sputtering is made stable and  the resistance of the
transparent electroconductive film obtained  by the sputtering is made
lower. [0427]  Lanthanum A part of lanthanum may be present in the form of
only lanthanum  oxide. When lanthanum oxide is present alone in this way,
abnormal  growth of the crystal of the indium oxide is restrained. Thus, the
generation of nodule or the generation of overdischarge is restrained.
[0428] "Example 2-9" In the example, measured results of contact resistance
are  shown. [0429]  Case of glass/Al/transparent electrode First, a mask
1102 (a kapton tape) for first film-formation  was fitted onto a slide glass
1100, as illustrated in Fig. 3(1),  and Al was formed into a film of 200 rim
thickness. Thereafter, the  mask was lifted off to form a given Al pattern
1104 (see Fig. 3 (2))  



169 [0430]  Next, the sputtering targets obtained in above Examples 2-1 to
2-8 were each set into a DC sputtering machine. A mask 1106 (the  same
kapton tape) for second film-formation was fitted thereto (see  Fig. 4(1)).
Each of the sputtering targets obtained in Examples 1  to 8 was used to
carry out sputtering, thereby forming a thin film  (transparent electrode)
108 of 200 nm thickness. Thereafter, the  mask 1106
forsecondfilm-formationwasliftedoff to obtaina substrate  1110 for first
contact resistance measurement (see Fig. 4(2)). This  substrate was a
substrate produced for measuring contact resistance.  Thus, the substrate is
called the substrate 1110 for (first) contact  resistance measurement in
present Example 2-9. [0431]  The substrate 1100 for contact resistance
measurement was  substantially rectangular. Terminals were set to both ends
thereof,  and then the resistance of the surface in the case of performing
lamination into "glass/Al/transparent electrode" was measured.  This
situation is shown in Fig. 5(1). For example, the sputtering  target
produced in Example 2-1 was usedto forma transparent electrode.  The
resistance value in this case was 32.5 Q. The numerical values  in the case
of using other Examples 2-2 to 2-8 are shown in Table  3. [0432]  In present
Example 2-9, the transparent electroconductive film  170 



was used as an "electrode". Thus, this has been called the transparent
electrode. [0433]  Case of glass/transparent electrode/Al The order of the
formation of films was made as follows:  transparent electrode/Al. That is,
lamination into "glass /transparent electrode/Al" was performed. In order to
measure  the contact resistance in this case, a substrate 1120 for second
contact resistance measurement was obtained. This substrate 1120  for second
contact resistance measurement was different only in the  order of the
lamination of the Al pattern 1104 and the metal oxide  1108. The measured
results of this substrate 1120 for second contact  resistance measurement
are also shown in Table 3. The method for  the measurement, and so on are
equal to those for the substrate 1110  for first contact resistance
measurement. A situation thereof is  shown in Fig. 5(2). [0434]  In the case
of forming a film of a transparent electrode on  Al, the surface of Al is
oxidized to produce A1203. Accordingly,  the measured resistance value
becomes large. [0435]  "Example 2-10" Preferred Example 2-10 of the
invention will be described with  reference to Fig. 1. 171 [0436]  



A metallic Al (99% Al and 1% Nd) was first deposited onto a
light-transmissible glass substrate 1 by high-frequency sputtering  so as to
have a film thickness of 1500 A. This was etched by  photo-etching using a
phosphoric acid-acetic acid-nitric acid-based  aqueous solution as an
etchant to form a gate electrode 2 and a gate  electrodewiring each having a
desired shape. Next, a silicon nitride  (SiN) film, which would be a gate
insulation film 3, was deposited  thereon by glow discharge CVD to have a
film thickness of 3000 A.  Subsequently, an amorphous Si:H (i) film 4 was
deposited thereon  to have a film thickness of 3500 A, and further a silicon
nitride  (SiN) film 5, which would be a channel protective layer, was
deposited  thereon to have a film thickness of 3000 A. [0437]  At the
discharge gas at this time, a SiH4-NH3-N2-based mixed  gas was used about
the SiN films 3 and 5 while a SiH4-N2-based mixed  gas was used about the
amorphous-Si:H (i) film 4. This SiN film 5  was made into a desired channel
protective layer 5 by dry etching  using a CHF gas. Subsequently, a
SiH9-H2-PH3-based mixed gas was used  to deposit an amorphous-Si:H (n) film
6 into a film thickness of  3000 A. [0438]  Next, a Cr/Al bi-layered film
was deposited thereon. This  bi-layered film was obtained by depositing Cr
into a film thickness 172 of 0.1 m and Al into a film thickness of 0.3 gm in
this order by  vacuum deposition or sputtering. Fig. 1 shows that a source
electrode  



7 and a drain electrode 8 are each made of this bi-layered film.  [0439] Al
in this bi-layered film was photo-etched with a
H3P04-CH3000H-HN03-H20-based etching solution while Cr in the  bi-layered
film was photo-etched with an aqueous solution of cerium  (IV) ammonium
nitrate. By the photo-etching, a desired pattern of  the layer electrode 7
and a desired pattern of the drain electrode  8 were formed. [0440]
Furthermore, the amorphous-Si:H films were etched by using  a combination of
dry etching using a CHF gas and wet etching using  an aqueous hydrazine
(NH2NH2H20) solution, so as to form a desired  pattern of the amorphous-Si:H
(i) film 4 and a desired pattern of  the amorphous-Si:H (n) film 6. [0441]
Next, a silicon nitride (SiN) film, which would constitute  an insulation
film 10, was deposited by glow discharge CVD, so as  to have a film
thickness of 3000 A. Thereafter, contact holes were  made between the source
and drain electrodes 7 and 8 and the transparent  electrode or pixel
electrode 9 by dry etching using CHF gas.  [0442] An amorphous transparent
electroconductive film as obtained  173 in Example 4, which was made mainly
of indium oxide, zinc oxide,  nickel oxide and cerium oxide, was deposited
on this substrate, on  which the patterns of the source electrode 7 and the
drain electrode  



8 made of the metallic Al were made, by sputtering. As the discharge  gas,
pure argon gas or argon gas into which 02 gas was incorporated  in a trace
amount of about 1% by volume was used. In this manner,  a transparent
electrode film (transparent electroconductive film)  9 was deposited into a
film thickness of 1200 A. This In203-ZnO-NiO-Ce02film was analyzed by a
X-ray diffraction method.  As a result, no peak was observed, and the film
was an amorphous  film. The specific resistance of this film was about 6.25
x 10-4  Qcm. Thus, the film was a film capable of being satisfactorily used
as an electrode. [0443]  This transparent electroconductive film was etched
by  photo-etching using a 3.5% by weight solution of oxalic acid in water
as an etchant, so as to form a pixel electrode 9 having a desired  pixel
electrode pattern. This pattern of the pixel electrode 9 was a pattern
wherein  the pixel electrode 9 was electrically connected to at least the
source electrode 7 having the given pattern. By such etching, the  pixel
electrode 9 having the given pixel electrode pattern was formed.  This pixel
electrode 9 was a desired amorphous electrode. [0444] 174 At this time, the
source electrode 7 and the drain electrode  8 of Al did not elute out. The
gate line and electrode-leading-out  sections of the source electrode/drain
liens were covered with the  transparent electrode. 



[0445]  The substrate at this stage corresponds to one example of the
light-transmissible glass substrate in the claims. [0446]  Thereafter, a
light-shielding film having a given  light-shielding pattern was formed to
complete an amorphous-SiTFT  active matrix substrate. [0447]  This
amorphous-SiTFT active matrix substrate was used to  produce a TFT-LCD
system flat display. This TFT-LCD system flat  display was able to supply
half-tone display (gray-scale display)  without any problem, and exhibited a
favorable performance.  [04481 In the above-mentioned examples, the
sputtering target  produced Example 2-4 was used. It was proved that the use
of the  sputtering targets produced in Examples 2-1 to 2-3 and 2-5 to 2-8
other than Example 2-4 gave preferred results and the resultants  were able
to be satisfactorily used as transparent electrode. The  specific
resistances of the transparent electroconductive films in  the case that the
sputtering targets in the examples other than Examples 175 2-4 were used are
shown in Table 3.  [0449] -Second group comparative examples Comparative
examples of the second group will be described  hereinafter. In each of the
comparative examples, sputtering targets  



each having one out of compositions shown in Table 3 were produced  and
evaluated in the same manner as in Example 2-9. [0450]  "Comparative Example
2-1" In2O3 powder having an average particle diameter of 1 pm or  less and
SnO2 powder having an average particle diameter of 1 pm or  less were used
as starting powders to produce a sputtering target  in the same way as in
Examples 2-1 to 2-8. [0451]  The composition ratio of Sn, which is one in
the third metal  group M3 to indium ([Sn]/[Sn] + [In]), was 0.10. This is
shown in  Table 3 also. [0452]  The average diameter of crystal grains of
the indium oxide  was 12. 8 pm, as shown in Table 3. This average diameter
was obtained  by image processing. The calculated value of the relative
density  of the sintered oxide of the present comparative example was
specifically 99%. [0453] 176 Contact resistance with Al In the present
comparative example also, the contact  resistances with Alin structures of
"glass /Al/transparentelectrode"  and "glass/transparent electrode/Al" were
measured. The results are  shown in Table 3. [0454]  



Specific resistance of the transparent electrode In the present comparative
example also, a liquid crystal  display was produced in the same way as in
Example 10. In the process  therefor, the specific resistance of the
transparent electrode was  measured. The measured result is also shown in
Table 3. [0455]  "Comparative Example 2-2" In2O3 powder having an average
particle diameter of 1 m or  less and ZnO powder having an average particle
diameter of 1 m or  less were used as starting powders to produce a
sputtering target  in the same way as in above Examples 2-1 to 2-8. [0456]
The composition ratio of Zn, which is one in the third metal  group M3 to
indium ([Zn] / [Zn] + [In]) , was 0.16. This is also shown  in Table 3 also.
[0457]  The average diameter of crystal grains of the indium oxide  was 3.8
pm, as shown in Table 3. This average diameter was obtained 177 by image
processing. The calculated value of the relative density  of the sintered
oxide of the present comparative example was  specifically 98%. [0458]
Contact resistance with Al In the present comparative example also, the
contact  resistances with Al in both structures of "glass/Al/transparent  



electrode" and "glass/transparent electrode/Al" were measured. The  results
are shown in Table 3. [0459]  Specific resistance of the transparent
electrode In the present comparative example also, a liquid crystal  display
was produced in the same way as in Example 2-10. In the process  therefor,
the specific resistance of the transparent electrode was  measured. The
measured result is also shown in Table 3. [0460]  "Comparative Example 2-3"
In203 powder having an average particle diameter of 1 pm or  less, and W03
powder and CeO2 powder each having an average particle  diameter of 1 m or
less were used as starting powders to produce  a sputtering target in the
same way as in Examples 2-1 to 2-8.  [0461] The composition ratio of W,
which is one in the first metal  group Ml to indium ([W] / [W] + [In] ) ,
was 0.25. The composition ratio  178 of Cen, which is one in the second
metal group M2, to indium ([Ce] / [Ce  + [In]) was 0.25. These are shown in
Table 3 also. [0462]  The average diameter of crystal grains of the indium
oxide  was 15 pm, as shown in Table 3. This average diameter was obtained
by image processing. The calculated value of the relative density  of the
sintered oxide of the present comparative example was  specifically 84%. 



[0463]  Contact resistance with Al In the present comparative example also,
the contact  resistances with Al in both structures of "glass/Al/transparent
electrode" and "glass /transparent electrode/Al" were measured. The  results
were each 1 M12 or more, as shown in Table 3. [0464]  Specific resistance of
the transparent electrode In the present comparative example also, a liquid
crystal  display was produced in the same way as in Example 2-10. In the
process  therefor, the specific resistance of the transparent electrode was
measured. The measured result was 1 MQcm or more, as shown in Table  3.
[0465]  "Comparative Example 2-4" In2O3 powder having an average particle
diameter of 1 pm or  179 less, and W03 powder, CeO2 and Sn02 powder each
having an average  particle diameter of 1 m or less were used as starting
powders to  produce a sputtering target in the same way as in Examples 2-1
to  2-8. [0466]  The composition ratio of W, which is one in the first metal
group Ml to indium ([W]/[W] + [In]) , was 0.25. The composition ratio  of
Ce, which is one in the second metal group M2, to indium ([Ce] / [Ce  +
[In]) was 0.25. The composition ratio of Sn, which is one in the  



third metal group M3, to indium ([Sn]/[Sn + [In]) was 0.4. These  are shown
in Table 3 also. [0467]  The calculated value of the relative density of the
sintered  oxide of the present comparative example was specifically 60%, as
shown in Table 3. [0468]  Contact resistance with Al In the present
comparative example also, the contact  resistances with Al in both
structures of "glass/Al/transparent  electrode" and "glass /transparent
electrode/Al" were measured. The  results were each 1 MO or more, as shown
in Table 3. [0469]  Specific resistance of the transparent electrode In the
present comparative example also, a liquid crystal  180 display was produced
in the same way as in Example 2-10. In the process  therefor, the specific
resistance of the transparent electrode was  measured. The measured result
was 1 MQcm or more, as shown in Table  3. [0470]  "Example 2-11" (Modified
Example 2-1) In the above-mentioned examples, examples wherein one or two
or more oxides of W, Mo, Nb, Ni, Pt and/or Pd was/were one or more
constituents have been described; it is also preferred to use a metal
itself, which is not any oxide, in the first metal group as it is.  



The same effects and advantages as in each of the examples can be  obtained.
[0471]  "Example 2-12" (Modified Example 2-2) In above Examples 2-9 and
2-10, examples where Al was used  have been described; it is also preferred
to use Ag instead of Al.  In the case of using Ag, the same effects and
advantages as in the  case of Al can be obtained. [0472]  Conclusion  The
above has described Examples 2-1 to 2-12, which are preferred examples of
the invention, and Comparative Examples 2-1 to 2-4.  [0473] When the
transparent electroconductive film according to the  181 present embodiment
of the second group is used as a transparent  electrode or pixel electrode
in this way, contact resistances between  the Al gate electrode and the
transparent electrode and between the  Al source/drain electrode and the
pixel electrode can be controlled  into small values. As a result, when this
transparent electrode or  pixel electrode is used, a liquid crystal display
capable of displaying  halftone images satisfactorily can be obtained.
[0474]  Third group: examples Preferred embodiments of the invention of the
third group will  be described hereinafter on the basis of the drawings. 



[0475]  "Example 3-1" Figs. 6 to 8 is an explanatory sectional view
illustrating  a producing process of a TFT array substrate 2100 (a TFT
section  and a terminal section) in present Example 3-1. In these Figs. 6
to 8, reference number 2001 represents a transparent insulating  substrate;
2002, a gate electrode; 2004, a gate insulation film;  2005, a semiconductor
layer a-Si film; 2006, a semiconductor layer  n' a-Si film; 2007a, a drain
electrode; 2007b, a source electrode;  2009, an interlayer insulation film;
2010, a contact hole; 2011,  a pixel electrode; 2021, the TFT section; 2022,
the terminal section;  and 2100, the TFT array substrate. The pixel
electrode 2002, the drain electrode 2007a and the  182 source electrode
2007b each correspond to one example of the first  conductor described in
the claims, and the pixel electrode 2011  corresponds to one example of the
second conductor described in the  claims. [0476]  The TFT section 2021 is
formed near a crossing portion of a  gate wiring and a source wiring which
are formed on the TFT array  substrate 2100 to be orthogonal to each other,
and functions as a  switching element for driving liquid crystal. On the
other hand,  the terminal section 2022 is electrically connected to the TFT
section  2021 through the gate wiring. The terminal section 2022 is arranged
outside a display area and has a function of inputting signals from  



the outside into the pixel electrode. [0477]  On the basis of Figs. 6 to 8,
the following will describe a  process for producing the TFT array substrate
2100 of present Example  3-1 successively. First, a thin film made of an Al
alloy containing  1.2% by weight of W, which is a material of the first
conductor,  was formed on the transparent insulating substrate 200 in an
atmosphere  of pure Ar to have a thickness of about 2000 A. This film
corresponds  to one example of the Al layer described in the claims. This
thin  film was subjected to resist-patterning by photolithography, and  then
etched with an etching solution based on phosphoric acid, nitric  acid and
acetic acid as illustrated in Fig. 6 (a) to form a gate wiring  183 (not
illustrated) and the gate electrode 2002. When the gate electrode 2002, and
the drain electrode 2007a  and source electrode 2007b, which will be
described later, were each  formed into a film form by sputtering in present
Example 3-1, it  is needless to state that a sputtering target made of the
Al alloy  containing W was used as a sputtering target. The action of
forming  the gate electrode 2002 and so on in this way corresponds to the
first conductor forming step described in the claims. [0478]  Next, the gate
insulation film 2004 made of silicon nitride  (SiNx) or silicon oxide (Si02)
was formed into a thickness of about  4000 A by chemical vapor deposition
(hereinafter, referred to as  CVD) , so as to cover the whole of the
transparent insulating substrate  



2001. The semiconductor layer a-Si film 2005 was formed thereon,  and
further the semiconductor layer n+ a-Si f ilm2006 was formed thereon.  As
illustrated in Fig. 6 (b) , the semiconductor layer a-Si film 2005  and the
semiconductor layer n' a-Si film 2006 were patterned to form  the
semiconductor layer a-Si film 2005 having a thickness of about  1500 A and
the semiconductor layer n+ a-Si film 2006 having a low  resistance and a
thickness of about 300 A successively. [0479]  Next, a thick filmmade of an
Al alloy containing 1.2% by weight  of W was formed into a thickness of 3000
A by sputtering, so as to  have cover the semiconductor layer n+ a-Si film
2006 (Table 4) . This  184 thin film corresponds to one example of the Al
layer described in  the claims. As illustrated in Fig. 7(a) , this thin film
was patterned  in the same manner as the gate electrode 2002, so as to form
the  drain electrode 2007a and the source electrode 2007b. In this case,  it
is preferred to use Ar gas as the sputtering gas. The action of  forming the
drain electrode 2007a and the drain electrode 2007b in  this way corresponds
to one example of the first conductor forming  step described in the claims.
The specific resistances of the pixel electrode 2002, the drain  electrode
2007a and the source electrode 2007b were measured. The  values thereof were
each 5.2 p0cm (Table 4). [0480]  Next, the interlayer insulation film 2009
was formed to cover  the whole of the transparent insulating substrate 2001.
This  



interlayer insulation film 2009 corresponds to one example of the
insulation film described in the claims. The action of forming the
interlayer insulation film 2009 in this way corresponds to one example  of
the insulation film forming step described in the claims.  Thereafter, this
interlayer insulation film 2009 was patterned as  illustrated in Fig. 7 (b)
, so as to make the contact holes 2010. That  is, as illustrated in Fig.
7(b), the contact holes 2010 were made  in the interlayer insulation film
2009 and over the gate electrode  2002 in the terminal section 22 and the
drain electrode 2007b in  the TFT section 21. The action of making the
contact holes 2010 in 185 the interlayer insulation film 2009 corresponds to
the contact hole  making step described in the claims. [0481]  It is
preferred that the interlayer insulation film 2009 is  made of any one or
both of a silicon nitride film and an acrylic  transparent resin.
Furthermore, an ITO film was formed as a transparent  electroconductive film
into a thickness of about 1000 A on the  interlayer insulation film 2009 by
sputtering (Table 4). As  illustrated in Fig. 8, this ITO film was patterned
to form the pixel  electrode 2011. In this way, the TFT array substrate 2100
was produced.  At this time, the pixel electrode 2011 was electrically
connected  to each of the gate electrode 2002, the drain electrode 2007a and
the source electrode 2007b through the contact holes 2010 made in  the
interlayer insulation film 2009. The action of forming the pixel  



electrode 2011 to be electrically connected to each of the gate  electrode
2002, the drain electrode 2007a and the source electrode  2007b through the
contact holes 2010 in this way corresponds to one  example of the electrode
connecting step described in the claims.  [0482] The transparent
electroconductive film made of the ITO film  is substantially the same as
the transparent film electrode described  in the claims. In the claims,
attention is paid to the function of  the film, and thus the transparent
film electrode is called. On the  186 other hand, in the example, attention
is paid to the nature of the  film, and thus the transparent
electroconductive film is called.  [0483] About the resultant TFT array
substrate 2100, the specific  resistance of the pixel electrode 2011 was
measured. As a result,  the value was 220 p0cm. As illustrated in Fig. 9, a
Kelvin pattern  was used to measure the electric resistance value (contact
resistance  value) in a contact surface portion between the pixel electrode
2011  and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 420 Q. These values are shown in  Table 4.
[0484]  "Example 3-2" Films were formed and patterned in the same way as in
above  Example 3-1 except that the gate electrode 2002, the drain electrode
2007a and the source electrode 2007b in above Example 3-1 were each  



made of an Al alloy containing 2.5% by weight of Mo instead of the  Al alloy
containing 1.2 % by weight of W, so as to form the gate electrode  2002, the
drain electrode 2007a, the source electrode 2007b and the  others over the
transparent insulating substrate 2001, as illustrated  in Fig. 7 (a) . About
the formed gate electrode 2002, drain electrode  2007a and source electrode
2007b, the specific resistance thereof  was measured in the same way as in
above Example 3-1. As a result,  the value was 4.8 0cm (Table 4). 187 [0485]
As illustrated in Fig. 7(b), the interlayer insulation film 2009 and the
contact holes 2010 were made in the same way as in above  Example 3-1. Next,
as illustrated in Fig. 8, the pixel electrode  2011 (Table 4) made of ITO
was formed on the interlayer insulation  film 2009, thereby producing the
TFT array substrate 2100. [00486]  About the resultant TFT array substrate
2100, the specific  resistance of the pixel electrode 2011 was measured. As
a result,  the value was 220 MQcm. As illustrated in Fig. 9, a Kelvin
pattern  was used to measure the electric resistance value (contact
resistance  value) in a contact surface portion between the pixel electrode
2011  and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 380 Q. These values are shown in  Table 4.
[0487]  "Example 3-3" 



Films were formed and patterned in the same way as in above  Example 3-1
except that the gate electrode 2002, the drain electrode  2007a and the
source electrode 2007b in above Example 3-1 were each  made of an Al alloy
containing 1.4% by weight of La instead of the  Al alloy containing 1.2 % by
weight of W, so as to form the gate electrode  2002, the drain electrode
2007a, the source electrode 2007b and the  others over the transparent
insulating substrate 2001, as illustrated  188 in Fig. 7(a). About the
formed gate electrode 2002, drain electrode  2007a and source electrode
2007b, the specific resistance thereof  was measured in the same way as in
above Example 3-1. As a result,  the value was 5.3 pfcm (Table 4). [0488]
As illustrated in Fig. 7(b), the interlayer insulation film  2009 and the
contact holes 2010 were made in the same way as in above  Example 3-1. Next,
as illustrated in Fig. 8, the pixel electrode  2011 (Table 4) made of ITO
was formed on the interlayer insulation  film 2009, thereby producing the
TFT array substrate 2100.  [0489] About the resultant TFT array substrate
2100, the specific  resistance of the pixel electrode 2011 was measured. As
a result,  the value was 220 p(2cm. As illustrated in Fig. 9, a Kelvin
pattern  was used to measure the electric resistance value (contact
resistance  value) in a contact surface portion between the pixel electrode
2011  and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 430 Q. These values are shown in  



Table 4. [0490]  "Example 3-4" Films were formed and patterned in the same
way as in above  Example 3-1 except that the gate electrode 2002, the drain
electrode  2007a and the source electrode 2007b in above Example 3-1 were
each  189 made of an Al alloy containing 1.2% by weight of Nb instead of the
Al alloy containing 1.2 % by weight of W, so as to form the gate electrode
2002, the drain electrode 2007a, the source electrode 2007b and the  others
over the transparent insulating substrate 2001, as illustrated  in Fig.
7(a). About the formed gate electrode 2002, drain electrode  2007a and
source electrode 2007b, the specific resistance thereof  was measured in the
same way as in above Example 3-1. As a result,  the value was 6.4 NQcm
(Table 4). [0491]  As illustrated in Fig. 7(b), the interlayer insulation
film  2009 and the contact holes 2010 were made in the same way as in above
Example 3-1. Next, as illustrated in Fig. 8, the pixel electrode  2011
(Table 4) made of IZO was formed on the interlayer insulation  film 2009,
thereby producing the TFT array substrate 2100.  [0492] About the resultant
TFT array substrate 2100, the specific  resistance of the pixel electrode
2011 was measured. As a result,  the value was 360 EQcm. As illustrated in
Fig. 9, a Kelvin pattern  was used to measure the electric resistance value
(contact resistance  



value) in a contact surface portion between the pixel electrode 2011  and
the gate electrode 2002, the drain electrode 2007a or the source  electrode
2007b. The value was 560 Q. These values are shown in  Table 4. [0493] 190
"Example 3-5" Films were formed and patterned in the same way as in above
Example 3-1 except that the gate electrode 2002, the drain electrode  2007a
and the source electrode 2007b in above Example 3-1 were each  made of an Al
alloy containing 1.1o by weight of Fe instead of the  Al alloy containing
1.2% by weight of W, so as to form the gate electrode  2002, the drain
electrode 2007a, the source electrode 2007b and the  others over the
transparent insulating substrate 2001, as illustrated  in Fig. 7 (a) . About
the formed gate electrode 2002, drain electrode  2007a and source electrode
2007b, the specific resistance thereof  was measured in the same way as in
above Example 3-1. As a result,  the value was 5.4 p0cm (Table 4). [0494]
As illustrated in Fig. 7(b), the interlayer insulation film  2009 and the
contact holes 2010 were made in the same way as in above  Example 3-1. Next,
as illustrated in Fig. 8, the pixel electrode  2011 (Table 4) made of ITO
was formed on the interlayer insulation  film 2009, thereby producing the
TFT array substrate 2100.  [0495] About the resultant TFT array substrate
2100, the specific  



resistance of the pixel electrode 2011 was measured. As a result,  the value
was 220 p0cm. As illustrated in Fig. 9, a Kelvin pattern  was used to
measure the electric resistance value (contact resistance  value) in a
contact surface portion between the pixel electrode 2011  191 and the gate
electrode 2002, the drain electrode 2007a or the source  electrode 2007b.
The value was 520 0. These values are shown in  Table 4. [0496]  "Example
3-6" Films were formed and patterned in the same way as in above  Example
3-1 except that the gate electrode 2002, the drain electrode  2007a and the
source electrode 2007b in above Example 3-1 were each  made of an Al alloy
containing 0.8% by weight of Pd instead of the  Al alloy containing 1.2% by
weight of W, so as to form the gate electrode  2002, the drain electrode
2007a, the source electrode 2007b and the  others over the transparent
insulating substrate 2001, as illustrated  in Fig. 7 (a) . About the formed
gate electrode 2002, drain electrode  2007a and source electrode 2007b, the
specific resistance thereof  was measured in the same way as in above
Example 3-1. As a result,  the value was 4.8 Ocm (Table 4) [0497]  As
illustrated in Fig. 7(b), the interlayer insulation film  2009 and the
contact holes 2010 were made in the same way as in above  Example 3-1. Next,
as illustrated in Fig. 8, the pixel electrode  2011 (Table 4) made of ITO
was formed on the interlayer insulation  



film 2009, thereby producing the TFT array substrate 2100.  [0498] About the
resultant TFT array substrate 2100, the specific  192 resistance of the
pixel electrode 2011 was measured. As a result,  the value was 220 pDcm. As
illustrated in Fig. 9, a Kelvin pattern  was used to measure the electric
resistance value (contact resistance  value) in a contact surface portion
between the pixel electrode 2011  and the gate electrode 2002, the drain
electrode 2007a or the source  electrode 2007b. The value was 620 0. These
values are shown in  Table 4. [0499]  "Example 3-7" Films were formed and
patterned in the same way as in above  Example 3-1 except that the gate
electrode 2002, the drain electrode  2007a and the source electrode 2007b in
above Example 3-1 were each  made of an Al alloy containing 0.7% by weight
of Pt instead of the  Al alloy containing 1.2% by weight of W, so as to form
the gate electrode  2002, the drain electrode 2007a, the source electrode
2007b and the  others over the transparent insulating substrate 2001, as
illustrated  in Fig. 7 (a) . About the formed gate electrode 2002, drain
electrode  2007a and source electrode 2007b, the specific resistance thereof
was measured in the same way as in above Example 3-1. As a result,  the
value was 5.6 pf cm (Table 4). [0500]  As illustrated in Fig. 7(b), the
interlayer insulation film  



2009 and the contact holes 2010 were made in the same way as in above
Example 3-1. Next, as illustrated in Fig. 8, the pixel electrode 193 2011
(Table 4) made of ITO was formed on the interlayer insulation  film 2009,
thereby producing the TFT array substrate 2100.  [0501] About the resultant
TFT array substrate 2100, the specific  resistance of the pixel electrode
2011 was measured. As a result,  the value was 220 pDcm. As illustrated in
Fig. 9, a Kelvin pattern  was used to measure the electric resistance value
(contact resistance  value) in a contact surface portion between the pixel
electrode 2011  and the gate electrode 2002, the drain electrode 2007a or
the source  electrode 2007b. The value was 580 Q. These values are shown in
Table 4. [0502]  "Example 3-8" Films were formed and patterned in the same
way as in above  Example 3-1 except that the gate electrode 2002, the drain
electrode  2007a and the source electrode 2007b in above Example 3-1 were
each  made of an Al alloy containing 1.8% by weight of Ce instead of the  Al
alloy containing 1. 2% by weight of W, so as to form the gate electrode
2002, the drain electrode 2007a, the source electrode 2007b and the  others
over the transparent insulating substrate 2001, as illustrated  in Fig.
7(a). About the formed gate electrode 2002, drain electrode  2007a and
source electrode 2007b, the specific resistance thereof  was measured in the
same way as in above Example 3-1. As a result,  



the value was 4.2 p0cm (Table 4). 194 [0503]  As illustrated in Fig. 7(b),
the interlayer insulation film 2009 and the contact holes 2010 were made in
the same way as in above  Example 3-1. Next, as illustrated in Fig. 8, the
pixel electrode  2011 (Table 4) made of IZO was formed on the interlayer
insulation  film 2009, thereby producing the TFT array substrate 2100.
[0504]  About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,  the value
was 360 NS2cm. As illustrated in Fig. 9, a Kelvin pattern  was used to
measure the electric resistance value (contact resistance  value) in a
contact surface portion between the pixel electrode 2011  and the gate
electrode 2002, the drain electrode 2007a or the source  electrode 2007b.
The value was 560 Q. These values are shown in  Table 4. [0505]  "Example
3-9" Films were formed and patterned in the same way as in above  Example
3-1 except that the gate electrode 2002, the drain electrode  2007a and the
source electrode 2007b in above Example 3-1 were each  made of an Al alloy
containing 1.3o by weight of Ho instead of the  Al alloy containing 1.2% by
weight of W, so as to form the gate electrode  2002, the drain electrode
2007a, the source electrode 2007b and the  others over the transparent
insulating substrate 2001, as illustrated  



195 in Fig. 7(a). About the formed gate electrode 2002, drain electrode
2007a and source electrode 2007b, the specific resistance thereof  was
measured in the same way as in above Example 3-1. As a result,  the value
was 4.4 N12cm (Table 4). [0506]  As illustrated in Fig. 7(b), the interlayer
insulation film  2009 and the contact holes 2010 were made in the same way
as in above  Example 3-1. Next, as illustrated in Fig. B, the pixel
electrode  2011 (Table 4) made of ITO was formed on the interlayer
insulation  film 2009, thereby producing the TFT array substrate 2100.
[0507] About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,  the value
was 220 p11cm. As illustrated in Fig. 9, a Kelvin pattern  was used to
measure the electric resistance value (contact resistance  value) in a
contact surface portion between the pixel electrode 2011  and the gate
electrode 2002, the drain electrode 2007a or the source  electrode 2007b.
The value was 440 0. These values are shown in  Table 4. [0508]  "Example
3-10"  [00] Films were formed and patterned in the same way as in above
Example 3-1 except that the gate electrode 2002, the drain electrode  196 



2007a and the source electrode 2007b in above Example 3-1 were each  made of
an Al alloy containing 0.8% by weight of Er instead of the  Al alloy
containing 1.2 % by weight of W, so as to form the gate electrode  2002, the
drain electrode 2007a, the source electrode 2007b and the  others over the
transparent insulating substrate 200l,as illustrated  in Fig. 7(a). About
the formed gate electrode 2002, drain electrode  2007a and source electrode
2007b, the specific resistance thereof  was measured in the same way as in
above Example 3-1. As a result,  the value was 7.2 pflcm (Table 4). [0509]
As illustrated in Fig. 7(b), the interlayer insulation film  2009 and the
contact holes 2010 were made in the same way as in above  Example 3-1. Next,
as illustrated in Fig. 8, the pixel electrode  2011 (Table 4) made of IZO
was formed on the interlayer insulation  film 2009, thereby producing the
TFT array substrate 2100.  [0510] About the resultant TFT array substrate
2100, the specific  resistance of the pixel electrode 2011 was measured. As
a result,  the value was 360 N52cm. As illustrated in Fig. 9, a Kelvin
pattern  was used to measure the electric resistance value (contact
resistance  value) in a contact surface portion between the pixel electrode
2011  and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 640 0. These values are shown in  Table 4.
197 [0511]  



"Example 3-11" Films were formed and patterned in the same way as in above
Example 3-1 except that the gate electrode 2002, the drain electrode  2007a
and the source electrode 2007b in above Example 3-1 were each  made of an Al
alloy containing 0.4% by weight of Ce and further  containing 1.2% by weight
of Mo instead of the Al alloy containing  1.2% by weight of W, so as to form
the gate electrode 2002, the drain  electrode 2007a, the source electrode
2007b and the others over the  transparent insulating substrate 2001, as
illustrated in Fig. 7(a).  About the formed gate electrode 2002, drain
electrode 2007a and source  electrode 2007b, the specific resistance thereof
was measured in  the same way as in above Example 3-1. As a result, the
value was  5.6 AQcm (Table 4). [0512]  As illustrated in Fig. 7(b), the
interlayer insulation film  2009 and the contact holes 2010 were made in the
same way as in above  Example 3-1. Next, as illustrated in Fig. 8, the pixel
electrode  2011 (Table 4) made of IZO was formed on the interlayer
insulation  film 2009, thereby producing the TFT array substrate 2100.
[0513] About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,  the value
was 360 52cm. As illustrated in Fig. 9, a Kelvin pattern  198 was used to
measure the electric resistance value (contact resistance  value) in a
contact surface portion between the pixel electrode 2011  



and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 620 0. These values are shown in  Table 4.
[0514]  "Comparative Example 3-1" Films were formed and patterned in the
same way as in above  Example 3-1 except that the gate electrode 2002, the
drain electrode  2007a and the source electrode 2007b in above Example 3-1
did not  contain W, so as to form the gate electrode 2002, the drain
electrode  2007a, the source electrode 2007b and the others over the
transparent  insulating substrate 2001, as illustrated in Fig. 7(a). About
the  formed gate electrode 2002, drain electrode 2007a and source electrode
2007b, the specific resistance thereof was measured in the same way  as in
above Example 3-1. As a result, the value was 2.1 pDcm (Table  4). [0515]
As illustrated in Fig. 7(b), the interlayer insulation film  2009 and the
contact holes 2010 were made in the same way as in above  Example 3-1. Next,
as illustrated in Fig. 8, the pixel electrode  2011 (Table 4) made of ITO
was formed on the interlayer insulation  film 2009, thereby producing the
TFT array substrate 2100.  [0516] 199 About the resultant TFT array
substrate 2100, the specific  resistance of the pixel electrode 2011 was
measured. As a result,  the value was 220 LS cm. As illustrated in Fig. 9, a
Kelvin pattern  



was used to measure the electric resistance value (contact resistance
value) in a contact surface portion between the pixel electrode 2011  and
the gate electrode 2002, the drain electrode 2007a or the source  electrode
2007b. The value was 1 MO or more. These values are shown  in Table 4.
[0517]  In the case that the pixel electrode 2002, the drain electrode
2007a and the source electrode 2007b neither contained, as their  materials,
one nor more metals selected from the metal group Ml  consisted of W, Mo,
La, Nb, Fe, Pd, Pt, Ce, Ho and Er, the electric  resistance value (contact
resistance value) in a contact surface  portion between the pixel electrode
2011 and the gate electrode 2002,  the drain electrode 2007a or the source
electrode 2007b exhibited  a high value, as described above. [0518]
"Comparative Example 3-2" Films were formed and patterned in the same way as
in above  Example 3-1 except that the gate electrode 2002, the drain
electrode  2007a and the source electrode 2007b in above Example 3-1 were
each  made of an Al alloy containing 0.8% by weight of Nd instead of the  Al
alloy containing 1.2% by weight of W, so as to form the gate electrode  200
2002, the drain electrode 2007a, the source electrode 2007b and the  others
over the transparent insulating substrate 2001, as illustrated  in Fig.
7(a). About the formed gate electrode 2002, drain electrode  2007a and
source electrode 2007b, the specific resistance thereof  



was measured in the same way as in above Example 3-1. As a result,  the
value was 2.4 p12cm (Table 4). [0519]  As illustrated in Fig. 7(b), the
interlayer insulation film  2009 and the contact holes 2010 were made in the
same way as in above  Example 3-1. Next, as illustrated in Fig. 8, the pixel
electrode  2011 (Table 4) made of ITO was formed on the interlayer
insulation  film 2009, thereby producing the TFT array substrate 2100.
[0520] About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,  the value
was 220 pQcm. As illustrated in Fig. 9, a Kelvin pattern  was used to
measure the electric resistance value (contact resistance  value) in a
contact surface portion between the pixel electrode 2011  and the gate
electrode 2002, the drain electrode 2007a or the source  electrode 2007b.
The value was 1 M[2 or more. These values are shown  in Table 4. [0521]  In
the case that the pixel electrode 2002, the drain electrode  2007a and the
source electrode 2007b neither contained, as their 201 materials, one nor
more metals selected from the metal group Ml  consisted of W, Mo, La, Nb,
Fe, Pd, Pt, Ce, Ho and Er, the electric  resistance value (contact
resistance value) in a contact surface  portion between the pixel electrode
2011 and the gate electrode 2002,  the drain electrode 2007a or the source
electrode 2007b exhibited  



a high value. [0522]  [Table 4]  Table 4 Added Addition Specific resistance
Trans arent Specific resistance of  p transparent metal amount of Al alloy
electroconductive Contact resistance value  species wt% elecVOCOnductivefilm
4  N4cm film p0cm Example 3-1 W 1.2 5. 2 ITO 220 420  Example 3-2 Mo 2.5 4.
8 ITO 220 380  Example 3-3 La 1 . 4 5. 3 ITO 220 430  Example 3-4 Nb 1 . 2
6. 4 IZO 360 560  Example 3-5 Fe 1 . 1 5 4 ITO 220 520  Example 3-6 Pd 0. 8
4. 8 ITO 220 620  Example 3-7 Pt 0. 7 5. 6 ITO 220 580  Example 3-8 Ce 1 8
4. 2 IZO 360 560  Example 3-9 H. 1 . 3 4. 4 ITO 220 440  Example 3-10 Er 0.
8 7. 2 IZO 360 640  Example 3-11 0. 0 4. 5. 6 IZO 360 620  Comparative - - 2
1 ITO 220 1 M or more  Example 3-1 Comparative  Example 3-2 Nd 0.8 2. 4 ITO
220 1 M or more As is evident from Table 4, in the TFT array substrates 2100
in present Examples 3-1 to 3-l1, their pixel electrode 2002, drain  



202 electrode 2007a and source electrode 2007b were each made of the  Al
alloy containing one or more metals selected from the metal group  Ml
consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and Er. In the  case that the
electrodes 2002, 2007a and 2007b were each made of  such a material, the
electric resistance value (contact resistance  value) of the contact surface
portions between these electrodes 2002,  2007a and 2007b, and the pixel
electrode 2011 was low and exhibited  a favorable value. In particular, in
the case that the gate electrode  2002, the drain electrode 2007a and the
source electrode 2007b were  each made of the Al alloy containing Mo, the
contact resistance value  became the lowest value, which was about 380 1) at
50 pmU. [0523]  Each of the TFT array substrates 2100 of present Examples
3-1  to 3-11 was thermally treated at 230C for 30 minutes, and then the
contact resistance thereof was measured in the same way as in
above-mentioned Example 3-1 to 3-11. The value was about 650 Q.
Furthermore, the same TFT array substrates 2100 were each thermally  treated
at 300C for 60 minutes, and then the contact resistance thereof  was
measured in the same way as in above-mentioned Example 3-1 to  3-11. The
value was about 900 0. It was proved that the TFT array  substrates 2100 of
present Examples 3-1 to 3-11 had a far lower contact  resistance and a
better heat resistance than conventional TFT array  substrates (contact
resistance: 1 x E8 to 1 x E12 0). Each of the values in Table 4 was a value
which was peculiarly  203 



optimized by means of the measured devices, and thus it is not limited  to
the value. [0524]  In order to obtain a favorable contact resistance in each
of  Examples, it is preferred that the content of the one or more metal (s)
selected from the metal group Ml consisted of W, Mo, La, Nb, Fe,  Pd, Pt,
Ce, Ho and Er in the gate electrode 2002, the drain electrode  2007a and the
source electrode 2007b is from 0.5 to 5% by weight.  [0525] In each of
Examples, as the material of the gate electrode  2002, the drain electrode
2007a and the source electrode 2007b, there  was used an Al alloy containing
one or more metals the metal group  Ml consisted of W, Mo, La, Nb, Fe, Pd,
Pt, Ce, Ho and Er; it is also  preferred to add the third metal to this Al
alloy. The first metal  is Al, and the second metal is the one or two or
more metal (s) selected  from the metal group M1. [0526]  The third metal
added to the gate electrode 2002, the drain  electrode 2007a and the source
electrode 2007b is desirably Cu, Si  or a rare earth element in order to
restrain hillocks or improve  the corrosion resistance. When any one of the
metals is added, it  is preferred to control the addition amount of the
third metal to  such an extent that the specific resistance of these
electrodes 2002,  2007a and 2007b is not more than 10 jK)cm in order to make
use of 204 a characteristic that the electric resistance of Al is low.  



[0527] In the case that the gate electrode 2002, the drain electrode  2007a
and the source electrode 2007b is made of an Al alloy consisting  only of
one or more metals selected from the metal group Ml consisted  of W, Mo, La,
Nb, Fe, Pd, Pt, Ce, Ho and Er, effects of restraining  hillocks or improving
the corrosion resistance can be obtained in  the same manner as in the case
of adding the third metal. Therefore,  in particular, in the case of adding
none of the third metal, the  generation of hillocks or the corrosion can be
restrained as well.  [0528] In above Examples 3-1 to 3-11, examples wherein
the pixel  electrode 2011 is made of ITO or IZO has been described. However,
the technical scope of the invention is not limited thereto. In the  case
that the pixel electrode 2011 is a transparent electroconductive  film made
mainly of any one of In2O3, Sn02, Zn02 and so on, the same  effects and
advantages can be produced. In above Examples 3-1 to 3-11, examples wherein
the pixel  electrode 2011 was connected directly to the gate electrode 2002
and the drain electrode 2007a have been described; of course, it  is
preferred that this second electrode is connected to wirings of  the
above-mentionedAl alloy. It is also preferred that the TFT array  substrate
2100 of the example has, on its semiconductor layer n' a-Si  film 2006, a
channel layer. 205 [0529]  "Example 3-12" 



About each of the TFT array substrates 2100 produced in above  Examples 3-1
to 3-11, a counter substrate having a counter electrode,  a color filter and
others was stuck thereto. Furthermore, a liquid  crystal material was
injected into the space between the TFT substrate  2100 and the counter
substrate to sandwich this liquid crystal material,  thereby forming a
liquid crystal layer. In this way, a TFT array  active matrix-based liquid
crystal display (denoted as a TFT-LCD  device) was obtained. [0530]
According to present Example 3-12, one or more metals selected  from the
metal group M1 consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce,  Ho and Er were
used as the raw material for wirings of the TFT array  substrate 2100, the
gate electrode 2002, the drain electrode 2007a  and the source electrode
2007b. For this reason, these electrodes,  and so on each had a low
resistance. The pixel electrode 2011 made  of the IZO film (or the ITO film)
had a structure connected directly  to the gate electrode 2002, the drain
electrode 2007a and the source  electrode 2007b made mainly of Al without
forming any metal layer  made mainly of a component other than Al, that is,
any metal layer  having a high specific resistance. Therefore, each of the
liquid  crystal displays of present Examples 3-12 had a high numerical
aperture  and a high performance. Since the gate electrode 2002, the drain
206 electrode 2007a and the source electrode 2007b were excellent in
etchability, they had better productivity and were able to be produced  at
lower costs than those in the prior art. 



[0531]  Fourth group: examples Preferred embodiments of the invention of the
fourth group  will be described hereinafter on the basis of the drawings. In
the present embodiment, production of sputtering targets  which are each
necessary for forming a transparent electroconductive  film in a TFT array
substrate used in a liquid crystal display will  firstly be described in the
following item A. (Examples 4 -1 to 4-7) .  In this item A., examples
wherein W and Mo in the first group Ml  were used will be described. In item
B., comparative examples will  be described. In item C., the measured result
of the contact  resistance between each transparent electroconductive film
and Al  will be shown. In item D., production of a TFT array substrate will
be described. In item E., the other metals in first group Ml, that  is, Ni,
Nb, Fe, Pt, Pd and lanthanoids will be described (Examples  4-10 to 4-23).
[0532]  A. Formation of sputtering targets  "Example 4-1" In2O3 powder
having an average particle diameter of 1 m or  less and W03 powder having an
average particle diameter of 1 pm or  207 less were formulated to set the
atom number ratio of tungsten/indium  to 0.003, and put into a pot made of
resin. Furthermore, pure water  was added thereto. They were mixed with a
wet ball mill using hard  Zr02 ball mill. The time for the mixing was set to
20 hours. The  



resultant mixed slurry was taken out, filtrated, dried and granulated.  The
resultant granulated product was molded by cold isostatic press  under a
pressure of 294 MPa (8 t/cm2). [0533]  Next, this molded product was
sintered as follows. First,  in a sintering furnace, the product was
sintered at 1500C in an  atmosphere wherein oxygen was introduced at a rate
of 5 L/min. per  0.1 m3 of the volume inside the furnace for 5 hours. At
this time,  the temperature was raised at 1 C/min. up to 1000C, and at 3
C/min.  from 1000 to 1500C. Thereafter, the introduction of oxygen was
stopped, and the temperature was lowered at 10 C/min. from 1500 to  1300C.
The temperature of 1300C was then kept in an atmosphere  wherein argon gas
was introduced at a rate of 10 L/min. per 0.1 m3  of the volume inside the
furnace for 3 hours. The product was naturally  cooled, thereby obtaining an
In203sintered body containing tungsten  and having a relative density of 90%
or more. [0534]  A sputtering surface of the sintered body was polished with
a cup grindstone and worked into a diameter of 100 mm and a thickness  of 5
mm. This was stuck to a backing plate by use of an indium-based  208 alloy
to obtain a sintered body target 4-1. The theoretical density  in this case
was calculated out from fractions by weight of In203  crystal (bixbite-based
structure) having no oxygen defects, and W  oxide. The relative density was
calculated out from the theoretical  density (Table 5). The content of W in
the sintered body was  



quantitatively analyzed by ICP emission analysis. As a result, it  was
ascertained that the charge composition at the time of mixing  the starting
powders was maintained. A specific value of the  ascertained atomic
composition ratio is shown in Table 5. [0535]  It is preferred that tungsten
is dispersed, in particular,  tungsten undergoes substitution/solid-solution
into indium sites  of indium oxide. That is, the form that tungsten is
contained in  the target may be a form that tungsten is dispersed as a
tungsten  oxide such as W03 or W02 in the indium oxide sintered body, or may
be a form that tungsten is dispersed as a complex oxide between indium
oxide and tungsten oxide such as In2W3O12 in the indium oxide sintered
body. By dispersing in this way, the average diameter of the crystal  grains
was made into 4.8 m. This average diameter was obtained by  image
processing. [0536]  Preferred is a form that tungsten atoms undergo
substitution/solid-solution into indium sites of indium oxide,  whereby
tungsten is dispersed into the indium oxide sintered body 209 at an atomic
level. By the atomic level dispersion, electric  discharge is made stable
during sputtering processing. Thus, the  atomic level dispersion is an
effective method for lowering the  resistance of the resultant transparent
electroconductive thin film.  This transparent electroconductive thin film
corresponds to one  example of the electroconductive oxide in the claims. 



[0537]  In the present patent, Ml means the group consisted of W, Mo,  Ni,
Nb, Fe, Pt, Pd, and lanthanoids (the group being called the first  group).
In particular, in the following table, Ml represents any  one of W, Mo, Ni,
Nb, Fe, Pt, Pd, and lanthanoids. [Ml] represents  the number of the atoms of
W, Mo, Ni, Nb, Fe, Pt, Pd, or a lanthanoid.  [In] represents the number of
the atoms of In. Thus, [Ml]/([In] +  [Ml]) in Table 5 represents the atomic
composition ratio of any one  of the metals in the first group. [0538]
[Table 5] 210 Table 5 Contact resistance with Al Q  Relative Average
Trensparent Example Ml [Ml]/ M2 [M2]/ density particle electrode specific
Glass/AI Class/  ([In] + [M1]) Mn] + [M2]) % diameter resistance
/transparent transparent  mm mQcm electrode electrode/AI 4-1 W 0.02 - - 95
4.8 485 35.2 32.6  4-2 Mo 0.07 - 96 4. 6 522 37. 8 36.4  4-3 W 0.03 Sn 0.10
97 4. 2 243 28. 7 26.7  4-4 Mo 0.05 Sn 0.10 97 4.5 263 29.8 27.6  4-5 W 0.02
Zn 0.17 96 4.2 382 32.5 30.4  4-6 W 0.05 Ge 0.03 96 4.8 428 33.6 31.7  4-7 W
0.05 Ga 0.02 96 4.6 467 34.9 32.9  Comparative 



Example - - Sn 0. 10 99 12.8 185 84.7 29.4  4-1 Comparative  Example - - Zn
0. 16 98 3. 8 295 88. 5 35.4  4-2 "Example 4-2" In present Example 4-2,
In203powder having an average particle  diameter of 1 pun or less, and Mo03
powder having an average particle  diameter of 1 pm or less were used as
starting powders. The In2O3  powder, and the Mo03 powder were put at a given
ratio into a pot made  of resin, and mixed with a wet ball mill. At this
time, hard Zr02  balls were used, and the time for the mixing was set to 20
hours.  The resultant mixed slurry was taken out, filtrated, dried and
granulated. The granulated product was filled into a circular mold,  and was
molded into a disk shape by cold isostatic press under a  pressure of 3
ton/cm2. 211 [0539]  Next, this molded product was put into an
atmosphere-adjusting furnace, and then sintered. At the time of the
sintering, oxygen  was introduced into the furnace at a rate of 5 L/min. per
0.1 m3 of  the volume inside the furnace. At the same time, the molded body
was sintered at 1500C for 5 hours. At this time, the temperature  was raised
at 1 C/min. up to 1000C, and at 3 C/min. from 1000 to  1500C. After the end
of the sintering, the introduction of oxygen  was stopped, and the
temperature was lowered at 10 C/min. from 1500  



to 1300C. The temperature of 1300C was then kept for 3 hours while  Ar was
introduced into the furnace at a rate of 10 L/min. per 0.1  m3 of the volume
inside the furnace. Thereafter, the product was  naturally cooled, thereby
obtaining a sintered body 4-2 containing  Mo and having a density of 90% or
more. The theoretical density in  this case was calculated out from
fractions by weight of In2O3 crystal  (bixbite-based structure) having no
oxygen defects, and Mo oxide.  The relative density was calculated out from
the theoretical density  (Table 5) . The content of Mo in the sintered body
was quantitatively  analyzed by ICP emission analysis. As a result, it was
ascertained  that the charge composition at the time of mixing the starting
powders  was maintained. A specific value of the ascertained atomic
composition ratio is shown in Table 5. Next, a sputtering surface  of the
sintered body was polished with a cup grindstone and worked  into a diameter
of 152 mm and a thickness of 5 mm. 212 [0540]  The form that the molybdenum
element is contained in the target may be a form that molybdenum is
dispersed as a molybdenum oxide  such as M003 or MoO2 in the indium oxide
sintered body, or may be  a form that molybdenum is dispersed as a complex
oxide of indium  and molybdenum, such as InMo4O6, In2Mo3012, or In11Mo4062,
in the indium  oxide sintered body. Preferred is a form that molybdenum
atoms undergo  substitution/solid-solution into indium sites of indium
oxide,  whereby molybdenum is dispersed into the indium oxide sintered body



at an atomic level. In this case, electric discharge is stable in
sputtering, and thus the case is effective for obtaining a  low-resistance
film. This low-resistance film corresponds to one  example of the
electroconductive oxide in the claims. By dispersing in this way, the
average diameter of the crystal  grains was made into 4.6 pm. This diameter
was obtained by image  processing. [0541]  "Example 4-3" In present Example
4-3, In2O3 powder, Sn02 powder, and W03 powder  each having an average
particle diameter of 1 pm or less were used  as starting powders of a
sputtering target. First, the In203powder,  Sn02 powder, and W03 powder were
weighed into given amounts, and the  weighed powders were mixed, put into a
pot made of resin, and mixed  213 with a wet ball mill using water as a
medium. At this time, hard  ZrO2 balls were used, and the time for the
mixing was set to 20 hours.  Thereafter, the resultant mixed slurry was
taken out, filtrated,  dried and granulated. The thus-obtained granulated
product was put  into a mold, and was molded into a given form by cold
isostatic press  under a pressure of 3 ton/cm2, thereby obtaining molded
products.  [0542] Next, the resultant molded products were each sintered
through  the following steps. Oxygen was caused to flow into a sintering
furnace at a rate of 5 L/min. per 0.1 m3 of the volume inside the  furnace,
and the temperature of 1500C was kept for 5 hours. At this  



time, the temperature was raised at 1 C/min. up to 1000C, and at  3 C/min.
from 1000 to 1500C. Thereafter, the inflow of oxygen was  stopped, and the
temperature was lowered at 10 C/min. from 1500 to  1300C. Thereafter, Ar was
caused to flow into the furnace at a rate  of 10 L/min. per 0.1 m3 of the
volume inside the furnace, and the  temperature of 1300C was then kept for 3
hours. Thereafter, the  product was naturally cooled. The density of the
resultant sintered  body was measured in accordance with Archimedes' method
using water.  The relative density thereof was calculated from the
theoretical  density thereof (see Table 5). The theoretical density in this
case  was calculated out from fractions by weight of In2O3 crystal
(bixbite-based structure) having no oxygen defects, Sn oxide, and  W oxide.
The contents of Sn and W in the sintered body were 214 quantitatively
analyzed by ICP emission analysis. As a result, it  was ascertained that the
charge composition at the time of mixing  the starting powders was
maintained. A specific value of the  ascertained atomic composition ratio is
shown in Table S. [0543]  Next, a sputtering surface of each of the
resultant sintered  bodies was polished with a cup grindstone and worked
into a diameter  of 152 mm and a thickness of 5 mm, thereby obtaining a
sintered body  target for a transparent electroconductive thin film. An
In-based  alloy was used to stick this target to a backing plate to make a
target 4-3 for sputtering. [0544]  



The form that tin, and tungsten are incorporated into the target  may be a
form that they are dispersed as a tin oxide (SnO, Sn02 or  Sn304), and a
tungsten oxide (WO3, W02 or W207), or may be a form that  they are dispersed
as complex oxides between indium oxide and tin  oxide, and between indium
oxide and tungsten oxide. However,  preferred is a form that tin and
tungsten atoms undergo  substitution/solid-solution into indium sites of
indium oxide,  whereby they are dispersed into the indium oxide sintered
body at  an atomic level. This is because electric discharge is made stable
in sputtering and a homogeneous film low in resistance is obtained
according to this form. This low-resistance film corresponds to one  example
of the electroconductive oxide in the claims. 215 By dispersing in this way,
the average diameter of the crystal  grains was made into 4.2 m. This
diameter was obtained by image  processing. [0545]  In the present patent,
M2 means the group consisted of Sn,  Zn, GeandGa (the group being called the
second group) . Inparticular,  in Table 5, M2 is used as a symbol
representing any one of Sn, Zn,  Ge and Ga. [M2] represents the number of
the atoms of any one of  Sn, Zn, Ge and Ga. [In] represents the number of
the atoms of In.  Thus, [M2] / ([In] + [M2] ) in Table 5 represents the
atomic composition  ratio of any one of the metals in the second group.
[0546]  "Example 4-4" 



In present Example 4-4, In2O3 powder, Sn02 powder, and MoO3  powder each
having an average particle diameter of 1 dun or less were  used as starting
powders of a sputtering target. First, the In2O3  powder, Sn02 powder, and
MoO3 powder were weighed into given amounts,  and the weighed powders were
mixed, put into a pot made of resin,  and mixed with a wet ball mill using
water as a medium. At this time,  hard Zr02 balls were used, and the time
for the mixing was set to  20 hours. Thereafter, the mixed slurry was taken
out, filtrated,  dried and granulated. The resultant granulated product was
put into  a mold, and was molded into a given form by cold isostatic press
under a pressure of 3 ton/cm2, thereby obtaining molded products.  216
[0547]  Next, the resultant molded products were each sintered through  the
following steps. First, oxygen was caused to flow into a sintering furnace
at  a rate of 5 L/min. per 0.1 m3 of the volume inside the furnace, and  the
temperature of 1500C was kept for 5 hours. At this time, the  temperature
was raised at 1 C/min. up to 1000C, and at 3 C/min.  from 1000 to 1500C.
Thereafter, the inflow of oxygen was stopped,  and the temperature was
lowered at 10 C/min. from 1500 to 1300C.  Thereafter, Ar was caused to flow
into the furnace at a rate of 10  L/min. per 0. 1 m3 of the volume inside
the furnace, and the temperature  of 1800C was then kept for 3 hours.
Thereafter, the product was  naturally cooled. The density of the resultant
sintered body was  measured in accordance with Archimedes' method using
water. The  



relative density thereof was calculated from the theoretical density
thereof (see Table 5) . The theoretical density in this case was  calculated
out from fractions by weight ofln203crystal(bixbite-based  structure) having
no oxygen defects, Sn oxide, and Mo oxide. The  contents of Sn and Mo in the
sintered body were quantitatively analyzed  by ICP emission analysis. As a
result, it was ascertained that the  charge composition at the time of
mixing the starting powders was  maintained. A specific value of the
ascertained atomic composition  ratio is shown in Table S. Next, a
sputtering surface of each of the resultant sintered  217 bodies was
polished with a cup grindstone and worked into a diameter  of 152 mm and a
thickness of 5 mm, thereby obtaining a sintered body  target for a
transparent electroconductive thin film. An In-based  alloy was used to
stick this target to a backing plate to make a  target for sputtering.
[0548]  The form that tin and molybdenum are incorporated into the  target
may be a form that they are dispersed as a tin oxide (SnO,  Sn02 or Sn304),
and a molybdenum oxide (MoO3, MoO2 or Mo207), or may  be a form that they
are dispersed as complex oxides between indium  oxide and tin oxide, and
between indium oxide and molybdenum oxide.  Preferred is a form that tin and
molybdenum atoms undergo  substitution/solid-solution into indium sites of
indium oxide,  whereby they are dispersed into the indium oxide sintered
body at  an atomic level since electric discharge is made stable in
sputtering  



and a homogeneous film low in resistance is obtained. This  low-resistance
film corresponds to one example of the  electroconductive oxide in the
claims. [0549]  By dispersing in this way, the average diameter of the
crystal  grains was made into 4.5 m. This diameter was obtained by image
processing. On the other hand, the process for producing the sintered body
target of the invention is not particularly limited except that a  218
mixture wherein indium oxide, tin oxide, and molybdenum oxide are  mixed in
given amounts is used. A known method is used to mix the  three components,
mold the mixture and sinter the molded product.  Thereafter, the sintered
body is shaped, whereby the sintered body  target can be produced.
Components other than the three components  may be added to the sintered
body target as long as the objects of  the invention are not damaged. [0550]
"Example 4-5" In present Example 4-5, In203 powder, Zn02 powder, and W03
powder  each having an average particle diameter of 1 pm or less were used
as starting powders of a sputtering target. First, the In203powder,  Zn02
powder, and W03 powder were weighed into given amounts, and the  weighed
powders were mixed, put into a pot made of resin, and mixed  with a wet ball
mill using water as a medium. At this time, hard  Zr02 balls were used, and
the time for the mixing was set to 20 hours.  



Thereafter, the resultant mixed slurry was taken out, filtrated,  dried and
granulated. The resultant granulated product was put into  a mold, and was
molded into a given form by cold isostatic press  under a pressure of 3
ton/cm2, thereby obtaining molded products.  Next, the resultant molded
products were each sintered through the  following steps. [0551]  First,
oxygen was caused to flow into a sintering furnace at  219 a rate of 5
L/min. per 0.1 m3 of the volume inside the furnace, and  the temperature of
1500C was kept for 5 hours. At this time, the  temperature was raised at 1
C/min. up to 1000C, and at 3 C/min.  from 1000 to 1500C. Thereafter, the
inflow of oxygen was stopped,  and the temperature was lowered at 10 C/min.
from 1500 to 1300C.  Thereafter, Ar was caused to flow into the furnace at a
rate of 10  L/min. per 0. 1 m3 of the volume inside the furnace, and the
temperature  of 1300C was then kept for 3 hours. Thereafter, the product was
naturally cooled. [0552]  The density of the resultant sintered body was
measured in  accordance with Archimedes' method using water. The relative
density  thereof was calculated from the theoretical density thereof (see
Table 5) . The theoretical density in this case was calculated out  from
fractions by weight of In2O3 crystal (bixbite-based structure)  having no
oxygen defects, Zn oxide, and W oxide. The contents of  Zn and W in the
sintered body were quantitatively analyzed by ICP  



emission analysis. As a result, it was ascertained that the charge
composition at the time of mixing the starting powders was maintained.  A
specific value of the ascertained atomic composition ratio is shown  in
Table S. [0553]  Next, a sputtering surface of each of the resultant
sintered  bodies was polished with a cup grindstone and worked into a
diameter 220 of 152 mm and a thickness of 5 mm, thereby obtaining a sintered
body  target for a transparent electroconductive thin film. An In-based
alloy was used to stick this target to a backing plate to make a  target 4-5
for sputtering. [0554]  The form that zinc and tungsten are incorporated
into the target  may be a form that they are dispersed as a zinc oxide
(ZnO), and  a tungsten oxide (W03, W02 or W20f), or may be a form that they
are  dispersed as complex oxides between indium oxide and zinc oxide
(In2Zn2O5, In2Zn3O6, In2Zn5O7 or In2Zn7Og) , and between indium oxide and
tungsten oxide. However, more preferred is a form that tungsten atoms
undergo substitution/solid-solution into indium sites of indium oxide,
whereby they are dispersed into the indium oxide sintered body at  an atomic
level since electric discharge is made stable in sputtering  and a
homogeneous film low in resistance is obtained. This  low-resistance film
corresponds to one example of the  electroconductive oxide in the claims. By
dispersing in this way, the average diameter of the crystal  



grains was made into 4.2 m. This diameter was obtained by image  processing.
[0555]  "Example 4-6" In present Example 4-6, In203powder having an average
particle  diameter of 1 pm or less and Ge02 powder and W03 powder each
having  221 an average particle diameter of 1 pm or less were used as
starting  powders of a sputtering target. First, the In203powder, Ge02
powder,  and W03 powder were formulated into a given ratio so as to give a
sintered body having a composition of a Ge/In atomic ratio and a  W/In
atomic ratio shown in Table 5, and then the resultant was put  into a pot
made of resin and mixed with a wet ball mill. At this  time, hard Zr02 balls
were used, and the time for the mixing was set  to 24 hours. After the
mixing, the resultant slurry was taken out,  filtrated, dried and
granulated. The granulated product was molded  by cold isostatic press under
a pressure of 3 ton/cm2. [0556]  Next, this molded product was sintered at
1300C, in an  atmosphere wherein oxygen was introduced into the air inside a
sintering furnace at a rate of 5 liter/minute per 0. 1 m3 of the volume
inside the furnace, for 3 hours. At this time, the temperature was
raisedatlC/minute. When the product was cooled afterthesintering,  the
introduction of oxygen was stopped. The temperature was then  lowered to
1000C at 10 C/minute. A cracked part of the resultant sintered body was
crushed into  



pieces, and then powder X-ray diffraction measurement was carried  out. As a
result, only diffraction peaks resulting from an indium  oxide phase having
a bixbite-based structure and an In2Ge2O7 phase  having a thortveitite-based
structure were observed. Accordingly,  the resultant sintered body was
judged as a sintered oxide having  222 the characteristics of the invention.
EPMA analysis of the fine  structure of this sintered body demonstrated that
germanium underwent  solid solution into the indium oxide phase. By
dispersing in this  way, the average diameter of the crystal grains was made
into 4.3  Fun. This diameter was obtained by image processing. This sintered
body was worked into a diameter of 101 mm and a thickness of 5 mm,  and a
sputtering surface thereof was polished with a cup grindstone,  thereby
producing a target. In particular, metallic indium was used  to bond the
target to a backing plate made of oxygen-free copper  to make a sputtering
target. [0557]  When germanium oxide particles are present in a sputtering
target, the target is electrified with argon ions radiated from plasma
since the specific resistance of the germanium oxide particles is  high. As
a result, arcing is caused. The tendency that this  phenomenon is caused
becomes more remarkable as the electric power  applied to the target is made
higher to make the amount of the radiated  argon ions larger. [0558]  On the
other hand, in the sputtering target according to the  



invention, the specific resistance of each of the indium oxide wherein
germanium undergoes substitution/solid-solution into indium sites  and the
indium germanate compound is low (in other words,  high-resistance particles
are not present); thus, the arcing is not 223 generated even if the applied
power is increased. For this reason,  according to the example, the electric
energy of the applied electric  power can be made large so that a film can
be formed at a high speed. The reason why the element of Ge is incorporated
into the  sintered oxide of the invention is that the electroconductivity is
improved inthe caseofformingafilmfromsuchatarget. Specifically,  germanium
of quadrivalence occupies sites of indium of quadrivalence  in the indium
oxide film, thereby discharging carrier electrons to  increase the
electroconductivity. As described above, in the invention, the germanium
element  in the target is specified to set the atomic ratio of Ge/In into
the range of 0.01 to 0.3 (inclusive) . The reason therefor is that  if the
ratio is out of the range, the resistance value of the resultant  thin film
increases. [0559]  On the other hand, about tungsten also, it is preferred
that  tungsten is "dispersed", in particular, tungsten undergoes
substitution/solid-solution into indium sites of indium oxide. That  is to
say, the form that tungsten is contained in the target may  be a form that
tungsten is dispersed as a tungsten oxide such as  WO3 or W02 in the indium
oxide sintered body. The form may be a form  



that tungsten is dispersed as a complex oxide between indium oxide  and
tungsten oxide such as In2W3O12 in the indium oxide sintered body.  By
dispersing in this way, the average diameter of the crystal grains 224 was
made into 4.8 pm. This diameter was obtained by image processing.  It is
preferred that tungsten atoms undergo substitution/solid-solution into
indium sites of indium oxide,  whereby tungsten is dispersed into the indium
oxide sintered body  at an atomic level. The atomic-level dispersion is
effective since  the dispersion makes electric discharge in sputtering
stable and  makes the resistance of the resultant transparent
electroconductive  thin film low. This low-resistance film corresponds to
one example  of the electroconductive oxide in the claims. [0560]  "Example
4-7" In present Example 4-7, In2O3 powder, Ge02 powder and W03 powder  were
used as starting powders. These powders each had an average  particle
diameter of 1 m or less. First, the three powders, i.e., the In2O3 powder,
GeO2 powder  and W03 powder were formulated into a given ratio so as to give
a  sintered body having a composition of a Ge/In atomic ratio and W/In
shown in Table 5, and then the resultant was put into a pot made  of resin
and mixed with a wet ball mill. At this time, hard ZrO2  balls were used,
and the time for the mixing was set to 24 hours.  After the mixing, the
resultant slurry was taken out, filtrated,  dried and granulated. The
granulated product was molded by cold  



isostatic press under a pressure of 3 ton/cm2. [0561] 225 Next, this molded
product was sintered at 1300C, in an  atmosphere wherein oxygen was
introduced into the air inside a  sintering furnace at a rate of 5
liter/minute per 0.1 m3 of the volume  inside the furnace, for 3 hours. At
this time, the temperature was  raisedatlC/minute. When the product was
cooled afterthesintering,  the introduction of oxygen was stopped. The
temperature was then  lowered to 1000C at 10 C/minute. A cracked part of the
resultant sintered body was crushed into  pieces, and then powder X-ray
diffraction measurement was carried  out. As a result, only a diffraction
peak resulting from an indium  oxide phase having a bixbite-based structure
was observed. Accordingly, the resultant was judged as a sintered oxide
having  the characteristics of the invention. EPMA analysis of the fine
structure of this sintered body demonstrated that gallium underwent  solid
solution into the indium oxide phase. By dispersing in this  way, the
average diameter of the crystal grains was made into 4.6  W. This diameter
was obtained by image processing. This sintered  body was worked into a
diameter of 101 mm and a thickness of 5 mm,  and a sputtering surface
thereof was polished with a cup grindstone,  thereby producing a target.
Metallic indium was used to bond this  target to a backing plate made of
oxygen-free copper. [0562]  When gallium oxide particles are present in a
target, the target  



is generally electrified with argon ions radiated from plasma since 226 the
specific resistance of the gallium oxide particles is high. As  a result,
arcing is caused. This tendency becomes more remarkable  as the electric
power applied to the target is made higher to make  the amount of the
radiated argon ions larger. On the other hand, in the above-mentioned target
according  to the invention, the specific resistance of each of the indium
oxide  wherein gallium undergoes substitution/solid-solution into indium
sites and the indium gallate compound is low. In other words,
high-resistance particles are not present; thus, the arcing is hardly
generated even if the applied power is increased. For this reason,  a film
can be formed at a high speed by applying a high electric  power. [0563]  It
is preferred that tungsten is "dispersed", in particular,  tungsten
undergoes substitution/solid-solution into indium sites  of indium oxide.
That is to say, the form that tungsten is contained  in the target may be a
form that tungsten is dispersed as a tungsten  oxide such as W03 or W02 in
the indium oxide sintered body. The form  may be a form that tungsten is
dispersed as a complex oxide between  indium oxide and tungsten oxide such
as In2W3O12 in the indium oxide  sintered body. By dispersing in this way,
the average diameter of  the crystal grains was made into 4.8 m. This
diameter was obtained  by image processing. It is preferred that tungsten
atoms undergo  



227 substitution/solid-solution into indium sites of indium oxide,  whereby
tungsten is dispersed into the indium oxide sintered body  at an atomic
level. The reason therefor is that the atomic-level  dispersion is effective
since the dispersion makes electric discharge  in sputtering stable and
makes the resistance of the resultant  transparent electroconductive thin
film low. This low-resistance  film corresponds to one example of the
electroconductive oxide in  the claims. [0564]  B. Comparative Examples
Examples for comparison with above Examples 4-1 to 4-7 will  be described
hereinafter. The content of the comparative examples  is also shown in Table
5. [0565]  "Comparative Example 4-1" A sputtering target was produced in the
same way as in above  Example 4-3 except the following: A different point
from Example 4-3 was that W03 was not used  as any raw material so that
tungsten (W) was not contained in the  sputtering target. The other matters
were the same as in Example  4-3. The relative density of the produced
sputtering target was 99%.  The average particle diameter was 12.8 pm (Table
5). These  measurements were performed in the same way as in Example 4-3.
[0566] 228 



"Comparative Example 4-2" A sputtering target was produced in the same way
as in above  Example 4-5 except the following: A different point from
Example 4-5 was that W03 was not used  as any raw material so that tungsten
(W) was not contained in the  sputtering target. Another different point was
that the atomic  composition ratio of Zn ([Zn]/[Zn] + [In]) was 0.16 wherein
the [Zn]  represents the number of the atoms of zinc and the [In] represents
the number of the atoms of indium. The other matters were the same  as in
Example 4-5. The relative density of the produced sputtering  target was
98%. The average particle diameter was 3.8 m (Table 5) .  These measurements
were performed in the same way as in Example 4-5.  [0567] C. Resistance of
the case of adopting each of the transparent  electroconductive films
"Example 4-8" Each of the sputtering targets obtained in above Examples 4-1
to 4-7 was fitted to a DC sputtering apparatus. A mask (a kapton  tape) for
first film-formation was fitted onto a slide glass, and  Al was formed into
a film of 200 nm thickness. Thereafter, the mask  was lifted off to form a
given Al pattern. A mask (a kapton tape)  for second film-formation was
fitted thereto. Each of the sputtering  targets was used to form a
transparent electroconductive film  (transparent electrode) of 200 nm
thickness. The mask for 229 film-formation was lifted off to obtain a given
substrate for contact  



resistance measurement. This transparent electroconductive film  corresponds
to one example of the electroconductive oxide in the  claims. Terminals were
taken out from both ends of the substrate,  and then the resistance of the
"glass/A1/transparent electrode" was  measured. The result is together shown
in Table 5. [0568]  A substrate of "glass /transparent electrode/Al", for
contact  resistance measurement, was also obtained by forming the films in
order of the transparent electrode and Al. Similarly, the measured  result
of the resistance of this substrate is together shown in Table  5. About the
sputtering targets obtained in above Comparative  Examples 4-1 to 4-2 also,
the same measurement was made. The results  are also shown in Table S.
[0569]  As shown in Table 5 also, in the case of forming a film of  a
transparent electrode on Al, the surface of Al is oxidized to produce
A1203. Thus, the resistance value generally becomes large. In other  words,
as shown in Table 5, in the electrodes containing none of  W, Mo, Ni, Nb,
Fe, Pt, Pd and lanthanoids (the comparative examples) ,
themeasuredresistance value ofthe"glass /Al/transparent electrode"  is large
(see Comparative Examples 4-1 and 4-2 in Table 5) . In light  of this
matter, a transparent electrode wherein the contact resistance 230 can be
made small can be provided by incorporating W, Mo, Ni, Nb,  Fe, Pt, Pd
and/or lanthanoids. Ni, Nb, Fe, Pt, Pd and lanthanoids  



will be detailed in Examples 4-10 to 4-22 below. [0570]  D. Production of a
TFT array substrate  "Example 4-9" An example wherein a TFT array substrate
was produced on the  basis of the invention will be described with reference
to Fig. 10.  First, a metallic Al (99% Al and 1% Nd) is first deposited onto
a light-transmissible glass substrate 3001 by high-frequency  sputtering, so
as to have a film thickness of 1500 A. This is etched  by photo-etching
using a phosphoric acid-acetic acid-nitric  acid-based aqueous solution as
an etchant to form a gate electrode  3002 having a desired shape and a gate
electrodewiring 3002a connected  to the gate electrode 3002. [0571]  Next, a
silicon nitride (SiN) film, for formingagate insulation  film 3003, is
deposited thereon by glow discharge CVD, so as to have  a film thickness of
3000 A. Subsequently, an a- Si:H (i) film 3004  is deposited thereon to have
a film thickness of 3500 A, and further  a silicon nitride (SiN) film, which
will be a channel protective  layer 3005, is deposited thereon to have a
film thickness of 3000  A. As the discharge gas at this time, a
SiH4-NH3-N2-based mixed gas  is used when the SiN films, which will be the
gate insulation film 231 3003 andthe channel protective layer 3005 are
formed. ASiH4-N2-based  mixed gas is used when the a-Si:H (i) film 3004 is
formed.  [0572] 



Next, this SiN film, which will be the channel protective layer  3005, is
dry-etched usingaCHFgas, so as to form the channel protective  layer 3005
having a desired shape. A situation of this channel  protective layer 3005
is illustrated in Fig. 10. Subsequently, a SiH4-H2-PH3-based mixed gas is
used to deposit  an a-Si:H (n) film 3006 into a film thickness of 3000 A.
Next, a  Cr/Al bi-layered film is formed thereon by depositing Cr into a
film  thickness of 0.1 m and Al into a film thickness of 0.3 m successively
by vacuum deposition or sputtering. [0573]  About this bi-layer, its Al and
its Cr are etched by  photo-etching with a H3PO4-CH3COOH-HNO3-H20-based
etching solution  and an aqueous solution of cerium (IV) ammonium nitrate,
respectively.  By the photo-etching, a desired pattern of the layer
electrode 3007  and a desired pattern of the drain electrode 3008 are
formed.  Furthermore, the a-Si:H (i) film 3004 and the a-Si:H (n) film 3006
are etched by using a combination of dry etching using a CHF-based  gas and
wet etching using an aqueous hydrazine (NHZNH2  H2O) solution,  so as to
form a desired pattern of the a-Si:H (i) film 3004 and a  desired pattern of
the a-Si:H (n) film 3006. Next, a transparent  resin resist 3016 is used to
forma protection film. In present Example 232 4-9, the bi-layered film of Cr
and Al is used; it is also preferred  that Mc, Ti or the like is used
instead of Cr (see Fig. 10). Thereafter, photo-etching is used to make
contact holes 3012  between the source and drain electrodes 3007 and 3008
and a transparent  



electrode, that is, a pixel electrode (a pixel electrode pattern  3009), and
so forth. [0574]  An amorphous transparent electroconductive film is
deposited  on this substrate, on which the patterns of the source electrode
3007 and the drain electrode 3008 made of the metallic Al are made,  by
sputtering using a sputtering target made mainly of indium oxide,  zinc
oxide, and tungsten oxide and obtained in Example 4-5. This  amorphous
transparent electroconductive film is also made mainly  of indium oxide,
zinc oxide and tungsten oxide. In this way, the  pixel electrode pattern
3009 and so forth are formed. This pixel  electrode pattern 3009 corresponds
to one example of the "transparent  electrode " in the claims. The amorphous
transparent  electroconductive film, which is a similar thereto but is a
rawmaterial  thereof, corresponds to one example of the "electroconductive
oxide"  in the claims. [0575]  In a manner of using, as the discharge gas,
pure argon gas  or argon gas into which 02 gas was incorporated in a trace
amount  of about 1% by volume, a transparent electrode film, which would 233
become the pixel electrode pattern 3009 and so on later by etching,  was
deposited into a film thickness of 1200 A. This In2O3-ZnO-WO3  film was
analyzed by a X-ray diffraction method. As a result, no  peak was observed,
and the film was an amorphous film. The specific  resistance of this film
was about 3.8 x 10-4 Qcm. Thus, the film  



was a film capable of being satisfactorily used as an electrode.  This film
was etched by photo-etching using a 3.5% by weight solution  of oxalic acid
in water as an etchant, in such a manner that the  film would be
electrically connected to at least the pattern of the  source electrode
3007. In this way, the pixel electrode 3009, which  was made of the desired
amorphous electrode, was formed. At this  time, the source electrode 3007
and the drain electrode 3008 of Al  hardly eluted out by the etching
solution. A gate-line-leading-out  section 14 and a
source/drain-line-leading-out section 3010 are also  covered with the
transparent electrode (see Fig. 10) . In this way,  a TFT array substrate is
completed. This TFT array substrate  corresponds to one example of the TFT
substrate in the claims.  [0576] The 3.5o by weight solution of oxalic acid
in water is used  as the etchant herein. It is also preferred to use, as the
etchant,  an aqueous solution containing phosphoric acid/acetic acid/nitric
acid, or an aqueous solution containing cerium ammonium nitrate.  In the
case of using these aqueous solutions, the same effects and  advantages as
in the case of oxalic acid are obtained. 234 [0577]  In Fig. 10, only one
TFT (thin film transistor) is illustrated. Actually, however, plural TFTs
are arranged on a substrate to make  an array structure. Since the
structures of the TFTs are equal to  each other, only a sectional view of
the single TFT is illustrated  in Fig. 10. 



[0578]  Thereafter, a light-shielding pattern is further formed
subsequently to the state illustrated in Fig. 10, so as to complete
ana-SiTFT active matrix substrate. This substrate is used to produce  a
TFT-LCD system flat display. The produced display can give halftone  display
(gray-scale display) without any problem. This TFT-LCD  system flat display
corresponds to one example of the liquid crystal  display in the claims.
[0579]  In present Example 4-9, there has been described an example  wherein
the sputtering target produced in Example 4-5 is used to  produce a TFT
array substrate and further it is used to make a liquid  crystal display; it
is also preferred to use sputtering targets of  other Examples 4-1 to 4-7 to
produce TFT array substrates. It is  also preferred that the TFT array
substrates are each used to make  a liquid crystal display. In the same
manner as described above,  a liquid crystal display wherein halftone
display (gray-scale  display) is satisfactorily attained is obtained. 235
[0580]  E. Examples about Ni, Nb, Fe, Pt, Pd and lanthanoids  Hereinafter,
examples about Ni, Nb, Fe, Pt, Pd and lanthanoids in the first group will be
described. In each of Example 4-10 to Example 4-23, which will be described
below, the steps described in Examples 4-1 or 4-2, and Examples 4-3  and 4-5
were carried out to produce sputtering targets, and measure  



the relative densities and the average particle diameters thereof.  The
results are shown in Table 6. The same manner as in Example 4-8  was used to
measure the contact resistance with Al. The results are  also shown in Table
6. [0581]  A transparent electrode having a composition described in each
of Example 4-10 to Example 4-23, which will be described below, was  used to
produce a liquid crystal display in the same manner as in  Example 4-9. As a
result, the display operated without any problem  in the same manner as in
above Embodiment 4-9, and was able to give  halftone display satisfactorily.
[0582]  [Table 6] 236 Table 6 Average Transparent Contact resistance with Al
[M1 [M2]/ Relative electrode particle  Example Mt ([1n]+[Mi M2 ([In]+[M 2])
density diameter specific Glass/AI Glass/  bansperent gb resistance
/bansperent electrode  mm m 4em electrode /AI  4-10 Ni 0.03 Go 0.02 97 2.1
480 22.4 26.6  4-11 M 0.05 Zn 0.08 96 2.2 562 21.3 25.4  4-12 Nb 0.04 Go
0.03 95 3.1 435 32.7 35.5  



4-13 Nb 0.04 Sn 0.05 96 3.5 386 31.5 34.6  4-14 Ce 0.03 - - 96 2.3 493 35.3
38.3  4-15 Ce 0.05 Sn 0.05 97 2.8 387 33.2 36.4  4-16 H. 0.03 - - 95 3.6 425
42.0 43.0  4-17 H. 0.04 Zn 0.10 96 2.5 463 42.3 43.5  4-18 Er 0.04 - - 95
3.7 487 39.9 43.8  4-19 Fe 0.04 - - 97 4.3 456 28.4 34.2  4-20 Fe 0.05 Zn
0.10 95 4.2 450 29.6 35.4  4-21 Pd 0.03 - - 96 4.1 564 37.6 47.6  4-22 Pt
0.03 - - 95 4.2 657 23.7 26.8  4-23 La 0.10 Zn 0.30 98 2.2 620 23.0 39.3 The
steps in Examples 4-1 or 4-2. and Example 4-3 or 4-5 were carried out. and
the contact resistances with Al were  measured by the method of Example 4-8.
The devices operated without any problem in the same manner as the TFT
device of  Example 4-9. The steps in Examples 4-1 or 4-2, and Example 4-3 or
4-5 were  carried out, and the contact resistances with Al were measured by
the method of Example 4-8. The devices operated without any problem  in the
same manner as the TFT device of Example 4-9. "Example 4-10" In present
Example 4-10, Ni was adopted from the first group  Ml. Ga was adopted from
the second group M2. The atomic composition  ratio of Ni ([Ni]/[In] + [Ni])
was 0.03, and the atomic composition  ratio of Ga ([Ga]/[In] + [Ga]) was
0.02. The relative density of  the produced sputtering target was 97%. The
average particle diameter  237 was 2.1 pm (see Table 6).  



[0583] Next, the resistance value was measured in the same way as  in above
Example 4-8. As a result, the specific resistance of the  transparent
electrode was 480 p0cm (see Table 6). [0584]  The contact resistance with Al
was 22.4 Q when glass, Al and  the transparent electrode were laminated on
glass in the order of  "glass/Al/transparent electrode". The contact
resistance with Al  was 26.6 Q when the same were laminated on glass in the
order of  "glass/transparent electrode/Al" (see Table 6). [0585]  "Example
4-11" In present Example 4-11, Ni was adopted from the first group  Ml. Zn
was adopted from the second group M2. The atomic composition  ratio of Ni
([Ni]/[In] + [Ni]) was 0.05, and the atomic composition  ratio of Zn
([Zn]/[In] + [Zn]) was 0.08. The relative density of  the produced
sputtering target was 96%. The average particle diameter  was 2.2 m (see
Table 6). [0586]  Next, the resistance value was measured in the same way as
in above Example 4-8. As a result, the specific resistance of the
transparent electrode was 562 p5 cm (see Table 6). [0587] 238 The contact
resistance with Al was 21.3 Q when glass, Al and  the transparent electrode
were laminated on glass in the order of  



"glass/Al/transparent electrode". The contact resistance with Al  was 25.4 0
when the same were laminated on glass in the order of  "glass/transparent
electrode/Al" (see Table 6). [0588]  "Example 4-12" In present Example 4-12,
Nb was adopted from the first group  Ml. Ge was adopted from the second
group M2. The atomic composition  ratio of Nb ([Nb]/[In] + [Nb]) was 0.04,
and the atomic composition  ratio of Ge ([Zn]/[In] + [Zn]) was 0.03. The
relative density of  the produced sputtering target was 95%. The average
particle diameter  was 3.1 m (see Table 6). [0589]  Next, the resistance
value was measured in the same way as  in above Example 4-8. As a result,
the specific resistance of the  transparent electrode was 435 plum (see
Table 6). [0590]  The contact resistance with Al was 32.7 Q when glass, Al
and  the transparent electrode were laminated on glass in the order of
"glass/A1/transparent electrode". The contact resistance with Al  was 35.5
92 when the same were laminated on glass in the order of  "glass/transparent
electrode/Al" (see Table 6). [0591] 239 "Example 4-13" In present Example
4-13, Nb was adopted from the first group  Ml. Sn was adopted from the
second group M2. The atomic composition  



ratio of Nb ([Nb]/[In] + [Nb]) was 0.04, and the atomic composition  ratio
of Sn ([Sn]/[In] + [Sn]) was 0.05. The relative density of  the produced
sputtering target was 96%. The average particle diameter  was 3.5 pm (see
Table 6). [0592]  Next, the resistance value was measured in the same way as
in above Example 4-8. As a result, the specific resistance of the
transparent electrode was 386 p0cm (see Table 6). [0593]  The contact
resistance with Al was 31. 5 Q when glass, Al and  the transparent electrode
were laminated on glass in the order of  "glass/Al/transparent electrode".
The contact resistance with Al  was 34.6 0 when the same were laminated on
glass in the order of  "glass/transparent electrode/Al" (see Table 6).
[0594]  "Example 4-14" In present Example 4-14, Ce was adopted from the
first group  MI. No metal in the second group M2 was used. The atomic
composition  ratio of Ce ([Ce]/[In] + [Ce]) was 0.03. The relative density
of  the produced sputtering target was 96%. The average particle diameter
was 2.3 pm (see Table 6). 240 [0595]  Next, the resistance value was
measured in the same way as in above Example 4-8. As a result, the specific
resistance of the  transparent electrode was 493 p0cm (see Table 6). 



[0596]  The contact resistance with Al was 35.3 0 when glass, Al and  the
transparent electrode were laminated on glass in the order of
"glass/Al/transparent electrode". The contact resistance with Al  was 38.3
S2 when the same were laminated on glass in the order of  "glass/transparent
electrode/Al" (see Table 6). [0597]  "Example 4-15" In present Example 4-15,
Ce was adopted from the first group  Ml. Sn was adopted from the second
group M2. The atomic composition  ratio of Ce ([Ce]/[In] + [Ce]) was 0.05,
and the atomic composition  ratio of Sn ([Sn]/[In] + [Sn]) was 0.05. The
relative density of  the produced sputtering target was 97%. The average
particle diameter  was 2.8 pm (see Table 6). [0598]  Next, the resistance
value was measured in the same way as  in above Example 4-8. As a result,
the specific resistance of the  transparent electrode was 387 pDcm (see
Table 6). [0599]  The contact resistance with Al was 33.2 12 when glass, Al
and  241 the transparent electrode were laminated on glass in the order of
"glass/Al/transparent electrode". The contact resistance with Al  was 36.4 Q
when the same were laminated on glass in the order of  "glass/transparent
electrode/Al" (see Table 6). [0600]  



"Example 4-16" In present Example 4-16, Ho (holmium) was adopted from the
first group Ml . No metal in the second group M2 was used. The atomic
composition ratio of Ho ([Ho]/[In] + [Ho]) was 0.03. The relative  density
of the produced sputtering target was 95%. The average  particle diameter
was 3.6 pm (see Table 6). [0601]  Next, the resistance value was measured in
the same way as  in above Example 4-8. As a result, the specific resistance
of the  transparent electrode was 425 p0cm (see Table 6). [0602]  The
contact resistance with Al was 42.0 1) when glass, Al and  the transparent
electrode were laminated on glass in the order of  "glass/A1/transparent
electrode". The contact resistance with Al  was 43.0 Q when the same were
laminated on glass in the order of  "glass/transparent electrode/Al" (see
Table 6). [0603]  "Example 4-17" In present Example 4-17, Ho (holmium) was
adopted from the  242 first group Ml. Zn was adopted from the second group
M2. The atomic  composition ratio of Ho ([Ho]/[In] + [Ho]) was 0.04, and the
atomic  composition ratio of Zn ([Zn]/[In] + [Zn]) was 0.10. The relative
density of the produced sputtering target was 96%. The average  particle
diameter was 2.5 pm (see Table 6). [0604]  



Next, the resistance value was measured in the same way as  in above Example
4-8. As a result, the specific resistance of the  transparent electrode was
463 pDcm (see Table 6). [0605]  The contact resistance with Al was 42.3 0
when glass, Al and  the transparent electrode were laminated on glass in the
order of  "glass/Al/transparent electrode". The contact resistance with Al
was 43.5 52 when the same were laminated on glass in the order of
"glass/transparent electrode/Al" (see Table 6). [0606]  "Example 4-18" In
present Example 4-18, Er (erbium) was adopted from the first  group Ml. No
metal in the second group M2 was used. The atomic  composition ratio of Er
([Er]/[In] + [Er]) was 0.04. The relative  density of the produced
sputtering target was 95%. The average  particle diameter was 3.7 pm (see
Table 6). [0607]  Next, the resistance value was measured in the same way as
243 in above Example 4-8. As a result, the specific resistance of the
transparent electrode was 487 NS2cm (see Table 6). [0608]  The contact
resistance with Al was 39.9 0 when glass, Al and  the transparent electrode
were laminated on glass in the order of  "glass/Al/transparent electrode".
The contact resistance with Al  was 43.8 0 when the same were laminated on
glass in the order of  



"glass/transparent electrode/Al" (see Table 6). [0609]  "Example 4-19" In
present Example 4-19, Fe was adopted from the first group  MI. No metal in
the second group M2 was used. The atomic composition  ratio of Fe ([Fe]/[In]
+ [Fe]) was 0.04. The relative density of  the produced sputtering target
was 97%. The average particle diameter  was 4.3 pm (see Table 6). [0610]
Next, the resistance value was measured in the same way as  in above Example
4-8. As a result, the specific resistance of the  transparent electrode was
456 p0cm (see Table 6). [0611]  The contact resistance with Al was 28.4 0
when glass, Al and  the transparent electrode were laminated on glass in the
order of  "glass/Al/transparent electrode". The contact resistance with Al
was 34.2 0 when the same were laminated on glass in the order of  244
"glass/transparent electrode/Al" (see Table 6).  [0612] "Example 4-20" In
present Example 4-20, Fe (holmium) was adopted from the  first group Ml. Zn
was adopted from the second group M2. The atomic  composition ratio of Fe
[Fe] [In] + [Fe]) was 0.05, and the atomic  composition ratio of Zn
([Zn]/[In] + [Zn]) was 0.10. The relative  density of the produced
sputtering target was 95%. The average  



particle diameter was 4.2 gm (see Table 6). [0613]  Next, the resistance
value was measured in the same way as  in above Example 4-8. As a result,
the specific resistance of the  transparent electrode was 450 p1km (see
Table 6). [0614]  The contact resistance with Al was 29.6 0 when glass, Al
and  the transparent electrode were laminated on glass in the order of
"glass/Al/transparent electrode". The contact resistance with Al  was 35.4 0
when the same were laminated on glass in the order of  "glass/transparent
electrode/Al" (see Table 6). [0615]  "Example 4-21" In present Example 4-21,
Pd (palladium) was adopted from the  first group Ml. No metal in the second
group M2 was used. The atomic  composition ratio of Pd ([Pd]/[In] + [Pd])
was 0.03. The relative  245 density of the produced sputtering target was
96%. The average  particle diameter was 4.1 m (see Table 6). [0616]  Next,
the resistance value was measured in the same way as  in above Example 4-8.
As a result, the specific resistance of the  transparent electrode was 564
p12cm (see Table 6) [0617]  The contact resistance with Al was 37.6 0 when
glass, Al and  the transparent electrode were laminated on glass in the
order of  



"glass/Al/transparent electrode". The contact resistance with Al  was 47.6 Q
when the same were laminated on glass in the order of  "glass/transparent
electrode/Al" (see Table 6). [0618]  "Example 4-22" In present Example 4-22,
Pt (platinum) was adopted from the  first group Ml. No metal in the second
group M2 was used. The atomic  composition ratio of Pt ([Pt]/[In] + [Pt])
was 0.03. The relative  density of the produced sputtering target was 95%.
The average  particle diameter was 4.2 pm (see Table 6). [0619]  Next, the
resistance value was measured in the same way as  in above Example 4-8. As a
result, the specific resistance of the  transparent electrode was 657 N4cm
(see Table 6). [0620] 246 The contact resistance with Al was 23.7 Q when
glass, Al and  the transparent electrode were laminated on glass in the
order of  "glass/Al/transparent electrode". The contact resistance with Al
was 26.8 0 when the same were laminated on glass in the order of
"glass/transparent electrode/Al" (see Table 6). [0621]  "Example 4-23" In
present Example 4-23, La (lanthanum) was adopted from the  first group Ml.
Zn was adopted from the second group M2. The atomic  composition ratio of La
([La]/[In] + [La]) was 0.10, and the atomic  



composition ratio of Zn ([Zn]/[In] + [Zn]) was 0.18. The relative  density
of the produced sputtering target was 98%. The average  particle diameter
was 2.2 pm (see Table 6). [0622]  Next, the resistance value was measured in
the same way as  in above Example 4-8. As a result, the specific resistance
of the  transparent electrode was 620 pf2cm (see Table 6) [0623]  The
contact resistance with Al was 23.0 0 when glass, Al and  the transparent
electrode were laminated on glass in the order of  "glass/Al/transparent
electrode". The contact resistance with Al  was 39.3 0 when the same were
laminated on glass in the order of  "glass/transparent electrode/Al" (see
Table 6). [0624] 247 F. Variations As the above-mentioned examples, there
have been described  examples using only one from W, Mo, Ni, Nb, Fe, Pt, Pd
and lanthanoids  in the first group Ml; needless to say, the same effects
and advantages  are produced when two or more therefrom are used. As the
above-mentioned examples, there have been described  exampled using only one
from Sn, Zn, Ge and Ga in the second group  M2; needless to say, the same
effects and advantages are produced  when two or more therefrom are used.
248 CLAIMS 



1. A sputtering target, which is made mainly of indium oxide,  and
comprises: one or two or more metal (s) selected from the first metal group
Ml consisted of W, , Pt and Pd, or an oxide or oxides of  the metal(s), and
an oxide or oxides of one or two or more metal(s) selected  from the second
metal group M2 consisted of lanthanoid-based metals.  2. The sputtering
target according to claim 1, wherein the value of [Ml] / ([Ml] + [In]),
which is the composition of one or two  or more metal(s) selected from the
first metal group Ml consisted  of W, Pt and Pd, or the metal oxide(s) to
indium oxide,  is from 0.005 to 0.2, and the value of [M2]J([M2] + [In]),
which is the composition of  the oxide (s) of one or two or more metal (s)
selected from the second  metal group M2 of lanthanoid-based metals to
indium oxide, is from  0.005 to 0.2, wherein the (M1] represents the number
of the atoms  of one or two or more metal (s) selected from the first metal
group,  the [M2] represents the number of the atoms of one or two or more
metal(s) selected f romthe secondmetal group, and the [In] represents  the
number of the atoms of metallic indium. 3- The sputtering target according
to claim 1 or 2, wherein  the oxide(s) of one or more metal(s) selected from
the second metal  group M2 of lanthanoid-based metals is/are an oxide or
oxides of  one or more metals selected from La, Ho, and Er. 249 4- A
sputtering target, which is made of indium oxide, and  



comprises: one or two or more metal (s) selected from the first metal group
Ml consisted of W, Pt and Pd, or an oxide or oxides of  the metal(s), an
oxide or oxides of one or two or more metal(s) selected  from the second
metal group M2 consisted of lanthanoid-based metals,  and an oxide or oxides
of one or two or more metal(s) selected  from the third metal group M3
consisted of Zn, Sn, Zr, Ga and Ge.  5. The sputtering target according to
claim 4, wherein the value of [Ml]/([Ml] + [In]), which is the composition
of one or two  or more metal(s) selected from the first metal group Ml
consisted  of W, Pt and Pd, or the metal oxide(s) to indium oxide,  is from
0.005 to 0.2, the value of [M21 [M2] + [In]), which is the composition of
the oxide (s) of one or two or more metal (s) selected from the second
metal group M2 consisted of lanthanoid-based metals to indium oxide,  is
from 0.005 to 2, and the value of [M3]/([M3] + [In]), which is the
composition of  the oxide(s) of the metal(s) selected from the third metal
group  M3 consisted of Zn, Sn, Zr, Ga and Ge to indium oxide, is from 0. 005
to 2, wherein the [Ml] represents the number of the atoms of one  or two or
more metal(s) selected from the first metal group, the  [M2] represents the
number of the atoms of one or two or more metal (s)  selected from the
second metal group, the [M3] represents the number  250 



of the atoms of the metal(s) selected from the third metal group,  and the
[In] represents the number of the atoms of metallic indium. 6. The
sputtering target according to claim 4 or 5, wherein  the oxide(s) of one or
more metal(s) selected from the second metal  group M2 consisted of
lanthanoid-based metals is/are an oxide or  oxides of one or more metals of
La, Ho and Er. 7. A transparent electroconductive f ilm, which is made
mainly  of indium oxide, and comprises: one or two or more metal (s)
selected from the first metal group  Ml consisted of W, Pt and Pd, or an
oxide or oxides of  the metal(s), and an oxide or oxides of one or two or
more metal(s) selected  from the second metal group M2 consisted of
lanthanoid-based metals.  B. The transparent electroconductive film
according to claim 7, wherein the value of [Ml] / ([Ml] + [In]) , which is
the composition  of one or two or more metal(s) selected from the first
metal group  Ml consisted of W, Pt and Pd, or the metal oxide(s) to  indium
oxide, is from 0.005 to 0.2, and the value of [M2]/([M2] + [In]), which is
the composition of  the oxide (s) of one or two or more metal (s) selected
from the second  metal group M2 of lanthanoid-based metals to indium oxide,
is from  0.005 to 0.2, wherein the [Ml] represents the number of the atoms
of one or two or more metal(s) selected from the first metal group,  the
[M2] represents the number of the atoms of one or two or more  metal (s)
selected from the second metal group, andthe [In] represents  the number of
the atoms of indium. 



251 9. The transparent electroconductive film according to claim  7 or 8,
wherein the oxide(s) of one or more metal (s) selected from  the second
metal group M2 consisted of lanthanoid-based metals is /are  an oxide or
oxides of one or more metals of La, Ce, Ho and Er. 10. A transparent
electroconductive film, which is made mainly  of indium oxide, and
comprises: one or two or more metal (s) selected from the first metal group
Ml consisted of W, Pt and Pd, or an oxide or oxides of  the metal(s), an
oxide or oxides of one or two or more metal(s) selected  from the second
metal group M2 consisted of lanthanoid-based metals,  and an oxide or oxides
of one or two or more metal(s) selected  from the third metal group M3
consisted of Zn, Sn, Zr, Ga and Ge.  11. The transparent electroconductive
film according to claim 10, wherein the value of [Ml] / ([M1] + [In] ) ,
which is the composition  of one or two or more metal(s) selected from the
first metal group  Ml consisted of W, Pt and Pd, or the metal oxide(s) to
indium oxide, is from 0.005 to 0.2, the value of [M2]/([M2] + [In]), which
is the composition of  the oxide (s) of one or two or more metal (s)
selected from the second  metal group M2 consisted of lanthanoid-based
metals to indium oxide,  is from 0.005 to 2, and the value of [M3]/([M3] +
[In]), which is the composition of  the oxide(s) of the metal(s) selected
from the third metal group  



M3 consisted of Zn, Sn, Zr, Ga and Ge to indium oxide, is from 0.005  252 to
2, wherein the [Ml] represents the number of the atoms of one  or two or
more metal(s) selected from the first metal group, the  [M2] represents the
number of the atoms of one or two or more metal (s)  selected from the
second metal group, the [M3] represents the number  of the atoms of the
metal(s) selected from the third metal group,  and the [In] represents the
number of the indium atoms. 12. The transparent electroconductive film
according to claim  10 or 11, wherein the oxide (s) of one or more metal (s)
selected from  the second metal group M2 consisted of lanthanoid-based
metals is/are  an oxide or oxides of one or more metals of La, Ce, Ho and
Er. 13. A transparent electroconductive glass substrate,  comprising: a
glass substrate, a transparent electroconductive film which is formed over
the  glass substrate, is made mainly of indium oxide, and comprises one
ortwoormoremetal(s) selected from the first metal group Ml consisted  of W,
Pt and Pd, or an oxide or oxides of the metal (s),  and an oxide or oxides
of one or two or more metal (s) selected from  the second metal group M2
consisted of lanthanoid-based metals, and a metal thin film which is formed
over the glass substrate  and is made mainly of Al or Ag. 14. The
transparent electroconductive glass substrate  according to claim 13,
wherein the value of [Ml] / ([Ml] + [In]) , which  



is the composition of one or two or more metal (s) selected from the  first
metal group Ml consisted of W, Pt and Pd, or the  metal oxide(s) to indium
oxide, is from 0.005 to 0.2, and 253 the value of [M2]/((M2] + [In]), which
is the composition of  the oxide(s) of one or two or more metal (s) selected
from the second  metal group M2 of lanthanoid-based metals to indium oxide,
is from  0.005 to 0.2, wherein the [Ml] represents the number of the atoms
of one or two or more metal (s) selected from the first metal group,  and
the [M2] represents the number of the atoms of one or two or  more metal(s)
selected from the second metal group. 15. The transparent electroconductive
glass substrate  according to claim 13 or 14,wherein the oxide(s) of one or
two or  more metal(s) selected from the second metal group M2 consisted of
lanthanoid-based metals is/are an oxide or oxides of one or more  metals of
La, Ho and Er. 16. A transparent electroconductive glass substrate,
comprising: a glass substrate, a transparent electroconductive film which is
formed over the  glass substrate, is made mainly of indium oxide, and
comprises one  or twoormoremetal(s) selected fromthefirst metal group
Mlconsisted  of W, Pt and Pd, or an oxide or oxides of the metal(s),  an
oxide or oxides of one or two or more metal (s) selected from the  second
metal group M2 consisted of lanthanoid-based metals, and an  oxide or oxides
of one or two or more metal(s) selected from the  



third metal group M3 consisted of Zn, Sn, Zr, Ga and Ge, and a metal thin
film which is formed over the glass substrate  254 and is made mainly of Al
or Ag. 17. The transparent electroconductive glass substrate  according to
claim 16, wherein the value of [Ml] / ([Ml] + [In]) , which  is the
composition of one or two or more metal(s) selected from the  first metal
group M1 consisted of W, Pt and Pd, or the  metal oxide(s) to indium oxide,
is from 0.005 to 0.2, the value of [M2]/([M2] + [In]), which is the
composition of  the oxide (s) of one or two or more metal (s) selected from
the second  metal group M2 consisted of lanthanoid-based metals to indium
oxide,  is from 0.005 to 2, and the value of [M3]/([M3] + [In]), which is
the composition of  the oxide(s) of the metal(s) selected from the third
metal group  M3 consisted of Zn, Sn, Zr, Ga and Ge to indium oxide, is from
0.005  to 2, wherein the [Ml] represents the number of the atoms of one  or
two or more metal(s) selected from the first metal group, the  [M2]
represents the number of the atoms of one or two or more metal (s)  selected
from the second metal group, the [M3] represents the number  of the atoms of
the metal(s) selected from the third metal group,  and the [In] represents
the number of the indium atoms. 18. The transparent electroconductive glass
substrate  according to claim 16 or 17, wherein the oxide(s) of one or more
metal(s) selected from the second metal group M2 consisted of
lanthanoid-based metals is/are an oxide or oxides of one or more  



metals of La, Ho and Er. 255 19. A sputtering target used at the time of
producing a  transparent electrode which is used in a TFT substrate for a
liquid  crystal display and is for driving the liquid crystal by sputtering,
the transparent electrode being capable of being jointed electrically  to an
electrode orwiring made mainly of Al, and the sputtering target  being made
of an electroconductive oxide comprising: indium oxide, and an oxide or
oxides of one or two or more metal(s) selected  from the first group M1
consisted of W, Fe, Pt, Pd, and  lanthanoids. 20. The sputtering target
according to claim 19, wherein  [M1]/([In] + [M1]), which is the atomic
composition ratio of the  oxide (s) of one or two or more metal (s) selected
from the first group  M1 to indium in the electroconductive oxide, is from
0.005 to 0.2  wherein the [Ml] represents the number of the atoms of one or
two  or more metal(s) selected from the first group Ml and the [In]
represents the number of the atoms of indium.. 21 . The sputtering target
according to claim 19 or 20, wherein  the electroconductive oxide comprises
an oxide or oxides of one or  two or more metal(s) selected from the second
group M2 consisted  of tin, zinc, germanium, and gallium beside indium
oxide. 22. The sputtering target according to claim 21, wherein  [M2]/([In]
+ [M2]), which is the atomic composition ratio of the  oxide (s) of the
metal (s) selected from the second group M2 to indium  



256 in the electroconductive oxide, is from 0.01 to 0.3 wherein the [M2]
represents the number of the atoms of one or two or more metal(s)  selected
from the second group M2, that is, the number of the atoms  of any one or
any two or more of tin, zinc, germanium , and gallium,  and the [In]
represents the number of the atoms of indium. 257 




















