
;e3e    l l  " 6X T d*s SPUTTERING TARGET, TRANSPARENT CONDUCTIVE FILM) AND
THEIR MANUFACTURING METHOD 5 Technical Field The present invention relates
to a sputtering target making it possible to suppress the generation of
nodules when a transparent conductive film is formed by 10 sputtering, to
attain the formation of the film stably, a transparent conductive film
excellent in etching workability, and process for producing them.
Background Art 15 Since liquid crystal display devices and
electroluminescence display devices are excellent in displayer performance
and consume small electric power, they are widely used in display
instruments such as portable telephones, personal computers, word
processors, 20 and televisions. A11 of these display instruments have a
sandwich structure wherein a display element is sandwiched between
transparent conductive films. The main currents of the transparent
conductive films used in these display instruments are indium thin oxide
(abbreviated to ITO 25 hereinafter) films. This is because the ITO films
are excellent in transparency and electric conductivity, can be etched, and
further are excellent in adhesiveness to substrates. The ITO films are
usually formed by sputtering. 30 As described above, the ITO film has
excellent    performance as a transparent conductive film. However, when a
target is used to form the film by sputtering, black precipitations
(projections) called nodules are generated on the surface of the target.
Accordingly, the 



5 speed of forming the film is lowered, or discharge voltage rises to cause
abnormal discharge. At this time, there arises a problem that the nodules
scatter and adhere to the substrate on which the film is formed, thereby
causing the incorporation of alien substances into the transparent 10
conductive film. When the nodules are generated, it is necessary to
interrupt the operation for forming the film and remove the nodules on the
target surface by polishing. For this reason, the productivity of the
transparent conductive film is largely lowered. 15 Thus, in order to
prevent alien substances from being incorporated into a transparent
conductive film, following the scattering of nodules, without interrupting
the operation for forming the transparent conductive film, it has been
investigated to set up means for suppressing 20 the generation of abnormal
discharge in a power source circuit of a film-forming machine. However, the
generation of the nodules has not yet been able to be completely
suppressed. Furthermore, in order to suppress the generation of nodules, a
target precursor is sintered 25 at high temperature to make the density of
the resultant high and decrease pores, thereby producing a target having a
theoretical density ratio of about 99% In this case, however, it is
impossible to suppress the generation of nodules completely. Under such a
situation, it has been 30 desired to develop a target, for forming a
transparent 2   conductive film, making it possible to attain the formation
of the film stably without generating any nodule at the time of the
film-formation by sputtering. Furthermore, an ITO film is etching-worked
with a 5 strong acid, aqua regia or the like when a circuit pattern is
formed after the formation of the film. However) there is caused a problem
that it is largely feared that aluminum, which is a wiring material for
thin film transistors, is corroded. Thus, it has been desired to 10 develop
a transparent conductive film which can be etching-worked without producing
any adverse effect on such a wiring material. An object of the present
invention is to provide a sputtering target making it possible to suppress
the 15 generation of nodules when a transparent conductive film is formed
by sputtering and attain the formation of the film stably, and a process
for producing the same. Another object of the present invention is to
provide a transparent conductive film excellent in etching 20 workability,
and a process for producing the same. Disclosure of the Invention In order
to solve the above-mentioned problems, the present inventors made eager
investigation repeatedly. As 25 a result, it has been found out that a
nodule generated in a target for forming an ITO film is basically a
diggingresidue when the surface of the target is sputtered, and the cause
that this digging-residue is generated depends on the crystal grain size of
a metal oxide which 30 constitutes the target. That is, it has been found
out 3  



that when the crystal of indium oxide, which is a metal oxide which
constitutes the target, gets large to exceed a given grain size, the
generation of nodules on the surface of the target increases abruptly. When
the target surface 5 is struck off by sputtering, the speed that the target
is struck off is varied dependently on the direction of the crystal plane.
Thus) irregularities are generated in the target surface. The size of the
irregularities depends on the size of crystal grains present in the
sintered 10 product. Accordingly, it is considered that in a target made of
a sintered product having a large crystal grain size, irregularities
thereof get large and nodules are generated from convex portions thereof.
On the basis of such a finding, the present invention has been made. 15
That is, according to the present invention, the following sputtering
targets can be obtained. [1] A sputtering target, comprising indium oxide
and tin oxide, the content by percentage of the tin atoms therein being
from 3 to 20 atomic% of the total of the indium 20 atoms and the tin atoms,
and the maximum grain size of indium oxide crystal in the sputtering target
being 5 dun or less. [2] The sputtering target according to (1], which
further comprises an oxide of a metal the valence of which is 25 trivalent
or more as a third element, the content by percentage of the third element
being from 0.1 to 10 atomic% of a11 metal atoms. [3] A sputtering target,
comprising a sintered product of a metal oxide comprising 85 to 99%.by mass
of [A1] (a1) 30 indium oxide, and 1 to 15% by mass of the total of [B] 4
gallium oxide and [C] germanium oxide, wherein the sintered product
comprises, as components of the indium oxide, indium oxide wherein gallium
atoms are soliddissolved by substitution and indium oxide wherein 5
germanium atoms are solid-dissolved by substitution. [4] A sputtering
target, comprising a sintered product of a metal oxide comprising 90 to 99%
by mass of the total of [A2] (a2) indium oxide and (a3) tin oxide, and 1 to
10% by mass of the total of [B] gallium oxide and [C] germanium 10 oxide,
wherein the sintered product comprises, as components of the indium oxide,
indium oxide wherein tin atoms are solid-dissolved by substitution, indium
oxide wherein gallium atoms are solid-dissolved by substitution, and indium
oxide wherein germanium atoms are solid 15 dissolved by substitution. [5] A
sputtering target, comprising a sintered product of a metal oxide
comprising indium oxide, gallium oxide and zinc oxide, the metal oxide
comprising one or more hexagonal crystal lamellar compounds selected from 



20 InZ03 ( Zn0 ) m [ wherein m is an integer of 2 to 10 ] , In2GaZZnO,,
InGaZn04, InGaZn205, InGaZn306, InGaZn40,, InGaZn508, InGaZn609, and
InGaZn~Olo, and the sintered product having a composition of 90 to 99% by
mass of the indium oxide and 1 to 10% by mass of the total of the 25
gallium oxide and the zinc oxide. [6] A sputtering target, comprising a
sintered product of a metal oxide comprising indium oxide, tin oxide,
gallium oxide and zinc oxide, the metal oxide comprising one or more
hexagonal crystal lamellar compounds selected from 30 Inz03(Zn0)m [wherein
m is an integer of 2 to 10] , 5   In2Ga2Zn0,, InGaZnO,, InGaZnz05,
InGaZn306, InGaZn40,, InGaZn50B, InGaZn609, and InGaZn,Olo, and the
sintered product having a composition of 70 to 94% by mass of the indium
oxide, 5 to 20% by mass of the tin oxide, and 1 to 5 10% by mass of the
total of the gallium oxide and the zinc oxide. Since these sputtering
targets are each made of crystal having a small grain size) it is possible
to suppress the generation of nodules generated in the 10 surface of the
target when a transparent conductive film is formed, and conduct sputtering
stable. According to the present invention, the abovementioned sputtering
targets are used to form transparent conductive films by sputtering. As a
result, the 15 following transparent conductive films can be obtained. [1]
A transparent conductive film, comprising a sintered product of a metal
oxide comprising 85 to 99% by mass of [A1] (al) indium oxide, and 1 to 15%
by mass of the total of [B] gallium oxide and [C] germanium oxide, wherein
the 20 sintered product comprises, as components of the indium oxide,
indium oxide wherein gallium atoms are soliddissolved by substitution and
indium oxide wherein germanium atoms are solid-dissolved by substitution.
[2] A transparent conductive film, comprising a sintered 25 product of a
metal oxide comprising 90 to 99% by mass of the total of [A2] (a2) indium
oxide and (a3) tin oxide, and 1 to 10% by mass of the total of [B] gallium
oxide and [C] germanium oxide, wherein the sintered product comprises, as
components of the indium oxide, indium oxide 30 wherein tin atoms are
solid-dissolved by substitution, 6    indium oxide wherein gallium atoms
are solid-dissolved by substitution, and indium oxide wherein germanium
atoms are solid-dissolved by substitution. [3] A transparent conductive
film, comprising a metal 5 oxide comprising indium oxide, gallium oxide,
and zinc oxide, the metal oxide having a composition of 90 to 99% by mass
of the indium oxide, and 1 to 10% by mass of the total of the gallium oxide
and the zinc oxide. [4] A transparent conductive film, comprising a metal
10 oxide comprising indium oxide, tin oxide, gallium oxide, and zinc oxide,
the metal oxide having a composition of 70 to 94% by mass of the indium
oxide, 5 to 20% by mass of the tin oxide, and 1 to 10% by mass of the total
of the gallium oxide and the zinc oxide. 15 



Best Modes for Carrying Out the Invention Embodiments of the present
invention are described hereinafter. [Embodiment 1] 20 The sputtering
target of the present embodiment is a sputtering target comprising indium
oxide and tin oxide, the content by percentage of the tin atoms therein
being from 3 to 20 atomic% of the total of the indium atoms and the tin
atoms, and the maximum grain size of crystal in 25 the sputtering target
being 5 dun or less. The reason why the content by percentage of the tin
atoms is set into 3 to 20 atomic% of the total of the indium atoms and the
tin atoms is as follows: if this content by percentage of the tin atoms is
less than 3 30 atomic%, the conductivity of the transparent conductive 7
film formed by use of the sputtering target is lowered; and if the content
by percentage of the tin atoms is more than 20 atomic%, the conductivity of
the transparent conductive film is lowered in the same manner. About the 5
composition of the indium oxide and the tin oxide, the content by
percentage of the tin atoms is more preferably from 5 to 15 atomic% of the
total of the indium atoms and the tin atoms. The crystal in the sputtering
target of the present 10 embodiment has dense crystal texture having a
maximum grain size of 5 Eun or less. This maximum grain size of the crystal
in the sputtering target means an average value obtained as follows: in the
case that the shape of the target is a circle, at the center (1 position)
of the 15 circle and intermediate positions (4 positions) between the
center on two central lines which cross each other at the circle center and
circular circumferences on the lines, that is, at 5 positions in all, or in
the case that the target shape is a rectangle, at the center thereof (1 20
position) and intermediate positions (4 positions) between the center on
the diagonal lines of the rectangle and corners thereof, that is, at 5
positions in a11, about the maximum crystal grain obtained by magnifying
the polished surface of the target 2,500 times and observing a frame 50 25
~m square in the surface by means of a scanning electron microscope, the
maximum size thereof is measured; and then the grain sizes of the maximum
grains present in respective frames at the five positions are averaged. For
the sputtering target of the present invention, it is more 30 preferable
that the maximum grain size of the crystal is 3 8    E,~m or less . The
sputtering target of the present embodiment may further comprise, as a
third element, an oxide of a metal the valence of which is trivalent or
more. The content by 5 percentage of the third element may be from 0.1 to
10 atomic% of a11 metal atoms. That is, this sputtering target is a
sputtering target comprising indium oxide, tin oxide and an oxide of the
third element, the content by percentage of the tin atoms therein being
from 3 to 20 10 atomic% of the total of the indium atoms and the tin 



atoms, the content by percentage of the third element being from 0.1 to 10
atomic% of a11 metal atoms, and the maximum grain size of crystal in the
sputtering target being 5 ~m or less. 15 If this content by percentage of
the third element is less than 0.1 atomic% in such a sputtering target, the
effect of making the crystal grain size finer by the addition of the oxide
of the third element is insufficiently exhibited. If the content by
percentage of 20 the third element is more than 10 atomic%, the
conductivity of the transparent conductive film obtained by forming the
film using the sputtering target is lowered. Furthermore, it is more
preferable for this sputtering target that the content by percentage of
the' 25 third element is from 0.1 to 6 atomic% of a11 the metal atoms.
Preferable examples of the oxide of the third element include one or more
metal oxides selected from the group consisting of gallium oxide, germanium
oxide, yttrium oxide, scandium oxide, lanthanum oxide, niobium 30 oxide,
cerium oxide, zirconium oxide, hafnium oxide and 9   tantalum oxide. Next,
the above-mentioned sputtering target is produced, for example, as follows:
the target can be produced by: granulating, by casting or by means of a 5
spray drier, mixing powder obtained by drying fine powder yielded by
wet-pulverizing a mixture of indium oxide, and tin oxide, sintering the
dried fine particles, adding indium oxide and tin oxide newly to the
sintered pulverized product and then wet-pulverizing the resultant; 10
press-molding the granulated particles; sintering the molded particles; and
then cutting the sintered molded product. In this process for producing the
sputtering target, the mixing and pulverizing of the respective metal
oxides 15 as starting materials can be performed using a wet-mixing
pulverizer such as a wet ball mill or a bead m111, ultrasonic waves, or the
like. In this case, it is preferable that the starting material powder is
pulverized in such a manner that the average particle size of the 20
pulverized product will be 1 ~m or less. Next, the resultant fine powder is
dried and fired. It is advisable that the drying of this fine powder is
performed by means of an ordinary drier for powder. About conditions for
firing the dried fine powder, under the atmosphere of air 25 or oxygen gas,
the firing temperature is set into 1,300 to 1,700C, preferably 1,450 to
1,600C, and the firing time is set into 2 to 36 hours, preferably 4 to 24
hours. Furthermore, it is preferable to set the temperaturerising rate at
the time of the firing into 2 to 30 10C/minute. The sintered product, which
has been fired as 10   described above, is pulverized. The pulverizing
herein, which may be dry-pulverizing or wet-pulverizing, is performed so as
to set the average particle size of the pulverized product to about 0.1 to
3 Vim. 5 Next, to the sintered product powder obtained herein 



are added new indium oxide and tin oxide. In this case, about the added
amount of the indium oxide and tin oxide added newly to the sintered
powder, the mass ratio of the former to the latter is from 1:9 to 9:1,
preferably from 10 2:8 to 5:5. Next, this mixture is wet-pulverized. The
pulverization of the mixture of the sintered product powder, the indium
oxide and the tin oxide is preferably performed to set the average particle
size of the pulverized product into about 0.5 to 2 E,im. 15 The
thus-obtained pulverized product is injected to a mold and then sintered,
or is granulated with a spray drier, press-molded into a molded product,
and then sintered the molded product. About sintering conditions in this
case, under the atmosphere in air or oxygen gas 20 the sintering
temperature is set into 1,300 to 1,700C, preferably from 1,450 to 1,600C,
and the sintering time is set into 2 to 36 hours, preferably 4 to 24 hours.
The temperature-rising rate at the time of the sintering should be set into
2 to 24C/minute. In order to produce a 25 sputtering target from the
resultant sintered molded product, it is advisable to cut this sintered
product into a shape suitable for being fitted to a sputtering machine and
attach a fitting jig to this. A sputtering target comprising indium oxide,
tin 30 oxide and an oxide of a third element can be produced by 11
granulating, by casting or by means of a spray drier, fine powder obtained
by drying fine powder yielded by wetpulverizing a mixture of the indium
oxide, the tin oxide and the oxide of the third element, sintering the
dried 5 fine powder, adding indium oxide, tin oxide and an oxide of the
third element newly to the sintered pulverized product, and then
wet-pulverizing the resultant; pressmolding the granulated particles;
sintering the molded particles; and then cutting the sintered molded
product. 10 Pulverizing conditions and sintering conditions in this case
can be made to the same pulverizing and sintering conditions as in the
production of the above-mentioned sputtering target, which comprises two
components of indium oxide and tin oxide. 15 Since the thus-obtained
sputtering target of the present embodiment is made of the sintered product
obtained by mixing and pulverizing starting material indium oxide and tin
oxide, sintering the mixture, adding indium oxide and tin oxide newly to
the sintered 20 pulverized product, mixing and pulverizing the resultant,
molding the pulverized product, and again sintering the molded product, the
target has a very dense texture wherein the maximum grain size of crystal
is 5 Eun or less. This can be considered as follows: at the time of 25
sintering the molded product the powder of the indium oxide and tin oxide
added afterward to the primary sintered powder as raw material functions as
a sintering aid; therefore, the sintered product having such a dense
crystal texture is obtained. 



30 Accordingly, known sputtering targets, which are 12   each made of a
sintered product produced by sintering, only one time, a molded product
obtained by mixing indium oxide powder and tin oxide powder and then
casting the mixture, or granulating the mixture and then press-molding 5
the granulated mixture, have a coarse crystal form wherein the maximum
grain size of the crystal is more than 5 dun. The sputtering target having
the above-mentioned structure is used to make it possible to form a
transparent conductive film on a substrate by sputtering. 10 The substrate
used herein is preferably a highly transparent substrate, and may be a
glass substrate, or a film or sheet made of a transparent synthetic resin
which has been used so far. As such a synthetic resin, there can be used
polycarbonate resin, polymethyl methacrylate 15 resin, polyester resin,
polyether sulfone resin, polyarylate resin or like. When a film is formed
by this sputtering, the formation can be performed using various sputtering
machines. In particular, a magnetron sputtering machine 20 is preferably
used. About conditions when this magnetron sputtering machine is used to
form the film by sputtering, the power of plasma is varied dependently on
the surface area of the used target or the film thickness of the
transparent conductive film to be produced. Usually, the 25 power of the
plasma is set into the range of 0.3 to 4 W per cmz of the target surface
area and the time for forming the film is set into 5 to 120 minutes,
whereby the transparent conductive film having a desired film thickness can
be obtained. This film thickness of the 30 transparent conductive film,
which is varied in accordance 13   with the kind of the display device, is
usually from 200 to 6,000 angstroms, preferably from 300 to 2,000
angstroms. About the transparency of the thus-obtained 5 transparent
conductive film, the light transmissibility thereof is 80% or more about
light having a wavelength of 550 nm. Accordingly, this transparent
conductive film can be preferably used as a transparent electrode of
various display devices for which high transparency and 10 conductivity are
required, such as liquid crystal display elements and organic
electroluminescence display elements. [Embodiment 2] The sputtering target
of the present embodiment is a sputtering target comprising a sintered
product of a metal 15 oxide comprising 85 to 99% by mass of [A1] (al)
indium oxide, and 1 to 15% by mass of the total of [B] gallium oxide and
[C] germanium oxide, wherein the sintered product comprises, as components
of the indium oxide, indium oxide wherein gallium atoms are solid-dissolved
by 20 substitution and indium oxide wherein germanium atoms are
solid-dissolved by substitution. The indium oxide wherein the gallium atoms
are solid-dissolved into indium oxide component by substitution and the
indium oxide wherein the germanium 25 atoms are solid-dissolved into indium
oxide component by substitution in this sintered product are oxides
obtained as follows: when fine powder of indium oxide, gallium oxide and
germanium oxide as starting materials are sintered, gallium atoms and
germanium atoms are solid 30 dissolved into some parts of crystal of the
indium oxide 14   by substitution. When a11 of the gallium oxide and the
germanium oxide which are used as the sintering starting materials are
solid-dissolved into the indium oxide crystal by substitution) the indium
oxide crystal comes to 5 grow. When this indium oxide crystal grows in this
case so that the grain size thereof exceeds about 10 ~zn, the generation of
nodules increases. 



Thus, in the sputtering target of the present embodiment, some parts of the
gallium oxide and the 10 germanium oxide, among the sintering starting
materials, are solid-dissolved into the indium oxide crystal by
substitution, so as to suppress the growth of the indium oxide crystal. The
remaining gallium oxide and germanium oxide are present in crystal
boundaries of the indium 15 oxide, so as to suppress the growth of the
indium oxide crystal still more. By the structure for attaining the
suppression, the generation of nodules can be suppressed at the time of
sputtering. The [A1] component in this sputtering target is 20 mainly made
of indium oxide, and a part thereof is made of indium oxide wherein gallium
atoms are solid-dissolved by substitution and indium oxide wherein
germanium atoms are solid-dissolved by substitution. The indium oxide
wherein the gallium atoms are solid-dissolved by substitution and 25 the
indium oxide wherein the germanium atoms are soliddissolved by substitution
can be identified, for example, by analysis based on EPMA (electron prove
micro analysis). The maximum grain size of the indium oxide crystal wherein
the gallium atoms or the germanium atoms are 30 solid-dissolved by
substitution means an average value 15   obtained as follows: in the case
that the shape of the sputtering target is a circle, at the center (1
position) of the circle and intermediate positions (4 positions) between
the center on two central lines which cross each 5 other at the circle
center and circular circumferences on the lines, that is, at 5 positions in
all, or in the case that the sputtering target shape is a rectangle, at the
center thereof (1 position) and intermediate positions (4 positions)
between the center on the diagonal lines of the 10 rectangle and corners
thereof, that is, at 5 positions in a11, about the maximum grain obtained
by magnifying the polished surface of the target 2,500 times and observing
a frame 50 N,m square in the surface by means of a scanning electron
microscope, the maximum size thereof is measured; 15 and then the grain
sizes of the maximum grains present in respective frames at the five
positions are averaged. It is preferable to use a size controlled into 5
Eun or less as the maximum grain size of the indium oxide crystal present
in this sputtering target, wherein the 20 gallium atoms or the germanium
atoms are solid-dissolved by substitution. This is because if the maximum
grain size of the indium oxide crystal wherein the gallium atoms or the
germanium atoms are solid-dissolved by substitution is more than 5 Vim,
indium oxide crystal wherein these 25 metal atoms are not solid dissolved
by substitution grows. That is, by setting the maximum grain size of the
indium oxide crystal wherein the gallium atoms or the germanium atoms are
solid-dissolved by substitution into 5 Eun or less, the growth of the
indium oxide crystal can be 30 suppressed. The maximum grain size of the
indium oxide 16   crystal wherein the gallium atoms or the germanium atoms
are solid-dissolved by substitution is more preferably 3 Eun or less .
About the content by percentage of each of the 5 components which
constitute the sintered product used in the production of this sputtering
target, the content by percentage of the [A1] component is set into 85 to
99% by mass, and the content by percentage of the total of the [B]
component and the [C] component is set into 1 to 15% 



10 by mass. The reason why the content by percentage of the total of the
[B] component and the [C] component is set into 1 to 15% by mass as
described above is that if the content by percentage of the two components
is less than 1% by mass, the rate of the gallium atoms and the 15 germanium
atoms solid-dissolved into the indium oxide crystal by substitution is
small so that the growth of the indium oxide crystal cannot be sufficiently
suppressed. Furthermore, if the content by percentage of the two components
is more than 15% by mass, it is difficult to 20 control the grain size of
the indium oxide wherein the gallium atoms are solid-dissolved by
substitution or the indium oxide crystal wherein the germanium atoms are
solid-dissolved by substitution, and further the conductivity of the
resultant transparent conductive film 25 is lowered. About the content by
percentage of each of the components which constitute this sintered
product, the content by percentage of the [A1] component is more preferably
set into 90 to 97% by mass, and the content by percentage of the total of
the [B] component and the [C] 30 component is more preferably set into 3 to
10% by mass. 17   About the contents by percentage of the [B] component and
the [C] component, the content by percentage of the gallium oxide type
component of the [B] component is preferably equal to or more than that of
the germanium 5 oxide type component of the [C] component because a
transparent conductive film excellent in light transmissibility can be
obtained. This content by percentage of the [B] component is preferably 1.5
times or more larger than that of the [C] component, more 10 preferably 2
times or more larger than that of the [C] component. The sputtering target
of the present embodiment is also a sputtering target comprising a sintered
product of a four-component systems metal oxide comprising 90 to 99% 15 by
mass of the total of [A2] (a2) indium oxide and (a3) tin oxide, and 1 to
10% by mass of the total of [B] gallium oxide and [C] germanium oxide,
wherein the sintered product comprises, as components of the indium oxide,
indium oxide wherein tin atoms are solid-dissolved 20 by substitution,
indium oxide wherein gallium atoms are solid-dissolved by substitution, and
indium oxide wherein germanium atoms are solid-dissolved by substitution.
The indium oxide wherein the tin atoms are solid dissolved by substitution,
the indium oxide wherein the 



25 gallium atoms are solid-dissolved by substitution and the indium oxide
wherein the germanium atoms are soliddissolved by substitution are oxides
obtained as follows: when fine powder of indium oxide, tin oxide, gallium
oxide and germanium oxide as starting materials are sintered) 30 tin atoms,
gallium atoms and germanium atoms therein are 18   solid-dissolved into
some parts of crystal of the indium oxide by substitution. When a11 of the
tin oxide, the gallium oxide and the germanium oxide among these sintering
starting materials 5 are solid-dissolved into the indium oxide crystal by
substitution, the indium oxide crystal grows so that the generation of
nodules comes to increase. Thus, some parts of the tin oxides, the gallium
oxide and the germanium oxide are solid-dissolved into the indium oxide
crystal by 10 substitution, so as to suppress the growth of the indium
oxide crystal. The remaining tin oxide, gallium oxide and germanium oxide
are present in crystal boundaries of the indium oxide, so as to suppress
the growth of the indium oxide crystal. By the structure for attaining the
15 suppression, the generation of nodules can be suppressed at the time of
sputtering. The [A2] component in this sputtering target is mainly made of
indium oxide and tin oxide, and a part of the indium oxide is composed of
indium oxide wherein tin 20 atoms are solid-dissolved by substitution,
indium oxide wherein gallium atoms are solid-dissolved by substitution and
indium oxide wherein germanium atoms are solid dissolved by substitution.
The indium oxide wherein the tin atoms, the gallium atoms or the germanium
atoms are 25 solid-dissolved by substitution can be identified, for
example, by analysis based on EPMA (electron prove micro analysis). It is
preferable to use a size controlled into 5 Eun or less as the maximum grain
size of the indium oxide 30 crystal present in this sputtering target made
of the 19   four-component system metal oxide, wherein the tin atoms, the
gallium atoms or the germanium atoms are soliddissolved by substitution.
This is because if the crystal grain size of the indium oxide crystal
wherein these metal 5 atoms are solid-dissolved by substitution is more
than 5 ~cn, indium oxide crystal wherein these metal atoms are not 



solid-dissolved by substitution grows. That is, by setting the maximum
grain size of the indium oxide crystal wherein the tin atoms, the gallium
atoms or the germanium 10 atoms are solid-dissolved by substitution into 5
Eun or less, the growth of the indium oxide crystal can be suppressed. The
maximum grain size of the indium oxide crystal wherein the tin atoms, the
gallium atoms or the germanium atoms are solid-dissolved by substitution is
15 more preferably 3 ~.m or less. About the content by percentage of each
of the components which constitute the sintered product used in the
production of this sputtering target, the content by percentage of the [A2]
component is set into 90 to 99% by 20 mass, and the content by percentage
of the total of the [B] component and the [C] component is set into 1 to
10% by mass. The reason why the content by percentage of the total of the
[B] component and the [C] component is set into 1 to 10% by mass as
described above is that: if the 25 content by percentage of the two
components is less than 1% by mass, the rate of the tin atoms, the gallium
atoms or the germanium atoms solid-dissolved into the indium oxide crystal
by substitution is small so that the growth of the indium oxide crystal
cannot be sufficiently 30 suppressed and further the etching property of
the 20   transparent conductive film formed using this sputtering target
deteriorates. Moreover) if the content by percentage of the two components
is more than 10% by mass, it is difficult to control the grain size of the
indium 5 oxide crystal wherein the tin atoms, the gallium atoms or the
germanium atoms are solid-dissolved by substitution, and further the
conductivity of the resultant transparent conductive film is lowered. About
the content by percentage of each of the 10 components which constitute
this sintered product, the content by percentage of the [A2] component is
more preferably from 90 to 98% by mass, and the content by percentage of
the total of the [B] component and the [C] component is more preferably
from 2 to 10% by mass. The 15 content by percentage of the [A2] component
is still more preferably from 92 to 97% by mass, and the content by
percentage of the total of the [B] component and the [C] component is still
more preferably from 3 to 8% by mass. The content by percentage of the tin
oxide type 20 component which is the (a3) component in the [A2] component
is preferably from 3 to 20% by mass. This is because: if this content by
percentage of the tin oxide type component is less than 3% by mass, the
doping effect thereof when the transparent conductive film formed using 25
the sputtering target is subjected to heat treatment is not sufficiently
obtained so that the conductivity may not be improved; and if this content
by percentage is more than 20% by mass, the crystallization degree is not
improved when the transparent conductive film is subjected 30 to heat
treatment so that it becomes necessary to raise 21   the temperature of the
heat treatment. This content by percentage of the (a3) component is more
preferably from 5 to 15% by mass) still more preferably from 5 to 12% by
mass. 5 About the contents by percentage of the [B] component and the [C]
component, the content by percentage of the gallium oxide type component of
the [B] component is preferably equal to or more than that of the germanium
oxide type component of the [C] component because a 10 transparent
conductive film excellent in light transmissibility can be obtained. This
content by percentage of the [B] component is preferably 1.5 times or more
larger than that of the [C] component, more preferably 2 times or more
larger than that of the [C] 



15 component. Next, a process for producing the sputtering target of the
present embodiment is, for example, as follows: the sputtering target can
be produced by granulating, by casting or by means of a spray drier,
mixture powder 20 obtained by pulverizing a mixture of indium oxide,
gallium oxide and germanium oxide, or additional tin oxide; press molding
the granulated product; sintering the molded product; and then cutting the
resultant sintered product. Herein, the mixing and pulverizing of the
respective metal 25 oxides as starting materials can be performed using a
wet mixing pulverizer such as a wet ball mill or a bead mill, ultrasonic
waves, or the like. Herein, it is preferable that the starting material
powder is pulverized in such a manner that the average particle size of the
pulverized 30 product will be 1 ~.m or less. 22   About conditions for
firing the metal oxides, under the atmosphere of air or oxygen gas, the
firing temperature is set into 1,300 to 1,700C, preferably 1,450 to 1,600C,
and the firing time is set into 2 to 36 hours, 5 preferably 4 to 24 hours.
It is preferable to set the temperature-rising rate at the time of the
firing into 2 to 10C/minute. Furthermore, in order to produce a sputtering
target from the resultant sintered product, it is advisable to cut this
sintered product into a shape 10 suitable for being fitted to a sputtering
machine and attach a fitting jig to this. The sputtering target having the
above-mentioned structure is used to make it possible to a transparent
conductive film on a substrate by sputtering. The 15 substrate and the
sputtering machine used herein are the same as in embodiment 1. The
thus-obtained transparent conductive film of the present embodiment is a
transparent conductive film comprising a sintered product of a metal oxide
comprising 20 85 to 99% by mass of [A1] (al) indium oxide, and 1 to 15% by
mass of the total of [B] gallium oxide and [C] germanium oxide, wherein the
sintered product comprises, as components of the indium oxide, indium oxide
wherein gallium atoms are solid-dissolved by substitution and 25 indium
oxide wherein germanium atoms are solid-dissolved by substitution. In this
transparent conductive film, the content by percentage of the [A1]
component is set into 85 to 99$ by mass and the content by percentage of
the total of the [B] 30 component and the [C] component is set into 1 to
15% by 23   mass; therefore, excellent transparency and conductivity are
exhibited. Additionally, the transparent conductive film is excellent in
etching property since the film is amorphous. If the content by percentage
of the total of 5 the [B] component and the [C] component is less than 1%
by mass, the transparent conductive film becomes crystalline and the
etching property thereof deteriorates. If the content by percentage of the
total of the [B] component and the [C] component is more than 15% by mass,
the 10 conductivity of the transparent conductive film comes to 



be lowered. As this transparent conductive film, a film wherein the content
by percentage of the [A1] component is from 90 to 97% by mass and the
content by percentage of the total of the [B] component and the [C]
component is 15 from 3 to 10% by mass is preferable since the film has more
excellent conductivity and etching property. The transparent conductive
film of the present embodiment is also a transparent conductive film
comprising a sintered product of a four-component system 20 metal oxide
comprising 90 to 99% by mass of the total of [A2] (a2) indium oxide and
(a3) tin oxide, and 1 to 10% by mass of the total of [B] gallium oxide and
[C] germanium oxide, wherein the sintered product comprises, as components
of the indium oxide, indium oxide wherein tin 25 atoms are solid-dissolved
by substitution,. indium oxide wherein gallium atoms are solid-dissolved by
substitution, and indium oxide wherein germanium atoms are soliddissolved
by substitution. In this transparent conductive film made of the 30
four-component system metal oxide, the content by 24   percentage of the
[A2] component, that is, the total of the (a2) component and the (a3)
component is set into 90 to 99% by mass and the content by percentage of
the total of the [B] component and the [C] component is set into 1 5 to 10%
by mass; therefore, excellent transparency and conductivity are exhibited.
Additionally, the transparent conductive film is excellent in etching
property since the film is amorphous. If the content by percentage of the
total of the [B] component and the [C] component is less 10 than 1% by
mass, the transparent conductive film becomes crystalline and the etching
property thereof deteriorates. If the content by percentage of the total of
the [B] component and the [C] component is more than 10$ by mass, the
conductivity of the transparent conductive film comes 15 to be lowered. As
this transparent conductive film, a film wherein the content by percentage
of the [A2] component is from 90 to 98% by mass and the content by
percentage of the total of the [B] component and the [C] component is from
2 to 10% by mass is more preferable, and 20 a film wherein the content by
percentage of the [A2] component is from 92 to 97% by mass and the content
by percentage of the total of the [B] component and the [C] component is
from 3 to 8% by mass is still more preferable. 25 Furthermore, this
transparent conductive film made of the four-component system metal oxide
is formed and subsequently the film is subjected to heat treatment at a
temperature of 230C or more, thereby making it possible to yield a
transparent conductive film which is 30 crystalline and excellent in
conductivity. The heat 25   treatment temperature in this case is
preferably 250C or more, more preferably 260C or more. However, the
temperature is usually not more than 300C. It is advisable that the heat
treatment time in this case is set 5 into 0.1 to 5 hours. This heat
treatment is preferably conducted after the amorphous transparent
conductive film formed using the sputtering target is patterned. This
patterning treatment of the transparent conductive film can be conducted by
an ordinary method such as 10 photolithography. 



The thus-obtained transparent conductive film has a light transmissibility
of 75 to 80% about light having a wavelength of 400 nm, and has a light
transmissibility of 90% or more about light having a wavelength of 550 nm.
15 Since this transparent conductive film has a high conductivity and a
work function of less than 4.6 electron volts, it is possible to control
the connection resistance thereof to the electron infection layer of an
organic electroluminescence element into a, low value. 20 Accordingly, this
transparent conductive film can be preferably used in a transparent
electrode of various display devices for which high transparency and
conductivity are required, such as liquid crystal display elements and
organic electroluminescence display elements. 25 [Embodiment 3] The
sputtering target of the present embodiment is a sputtering target
comprising a sintered product of a metal oxide comprising indium oxide,
gallium oxide and zinc oxide, the metal oxide comprising one or more
hexagonal 30 crystal lamellar compounds selected from the group 26
consisting of InZ03(Zn0)m [wherein m is an integer of 2 to 10] ,
InZGaZZnO,, InGaZnO,, InGaZnz05, InGaZn306, InGaZn,O,, InGaZn50B,
InGaZn609, and InGaZn,Olo, and the sintered product having a composition of
90 to 99% by mass of the 5 indium oxide and 1 to 10% by mass of the total
of the gallium oxide and the zinc oxide. The metal oxide represented by the
general formula Inz03(Zn0)m among the hexagonal crystal lamellar compounds
which the metal oxide comprising indium oxide, gallium 10 oxide and zinc
oxide contains may be any one of compounds wherein the value of m in this
formula is from 2 to 10. Among these, compounds wherein this value of m is
from 2 to 7 are more preferable since the volume resistivity thereof is
low. 15 About the composition of the metal oxide comprising indium oxide,
gallium oxide and zinc oxide, the content by percentage of the indium oxide
is set into 90 to 99% by mass and the content by percentage of the total of
the gallium oxide and the zinc oxide is set into 1 to 10% by 20 mass. This
is because: if the content by percentage of the total of the gallium oxide
and the zinc oxide is less than 1% by mass, the etching workability of the
transparent conductive film obtained using the sputtering target comes to
be lowered; and if the content by 25 percentage of the total of the gallium
oxide and the zinc oxide is more than 10% by mass, the conductivity of the
transparent conductive film obtained in this case comes to be lowered.
About this composition of the metal oxide, the content by percentage of the
indium oxide is more 30 preferably from 90 to 98% by mass and the content
by 27   percentage of the total of the gallium oxide and the zinc oxide is
more preferably from 2 to 10% by mass, and the content by percentage of the
indium oxide is still more preferably from 92 to 97% by mass and the
content by 5 percentage of the total of the gallium oxide and the zinc
oxide is still more preferably from 3 to 8% by mass. 



About the gallium oxide and the zinc oxide contained in this metal oxide,
the content by percentage of the gallium oxide is preferably equal to or
more than that of 10 the zinc oxide because the transparent conductive film
obtained using this sputtering target is excellent in transparency. This
content by percentage of the gallium oxide is more preferably 1.5 times or
more larger than that of the zinc oxide, still more preferably 2 times or
15 more larger than that thereof. About the hexagonal crystal lamellar
compound contained in this metal oxide, the maximum grain size of crystal
thereof is preferably 5 N,m or less. This is because by controlling the
maximum grain size of the 20 crystal of the hexagonal crystal lamellar
compound present in boundaries of crystal of the indium oxide into 5 Eun or
less in this sintered product of the metal oxide, the growth of the indium
oxide crystal adjacent to this is suppressed so that the maximum grain size
thereof can be 25 controlled into 10 ~m or less. Accordingly, the maximum
grain size of the crystal of this hexagonal crystal lamellar compound is
more preferably controlled into 3 ~.m or less. In this case, the maximum
grain size of the indium oxide crystal present in the sintered product can
30 be controlled into 7 ~,m or less. By reducing the grain 28   size of the
crystal present in the sintered product of the metal oxide in this way, the
generation of nodules can be suppressed when the sputtering target made of
this sintered product is used to form a film. As the content 5 by
percentage of this hexagonal crystal lamellar compound is made higher, the
effect of suppressing the grain size of the indium oxide crystal can be
made higher but the conductivity of the transparent conductive film
obtained using this sputtering target gets lower. Accordingly, the 10
hexagonal crystal lamellar compound should be formed within such a
composition scope that the content by percentage of the total of the
gallium oxide and zinc oxide is 10~ or less by mass. The hexagonal crystal
lamellar compound in this 15 metal oxide can be identified, for example, by
analysis based on X-ray diffractometry and analysis based on EPMA (electron
prove micro analysis). The maximum grain size of the crystal of the
hexagonal crystal lamellar compound means an average value obtained as
follows: in the case 20 that the shape of the sputtering target is a
circle, at the center (1 position) of the circle and intermediate positions
(4 positions) between the center on two central lines which cross each
other at the circle center and circular circumferences on the lines, that
is, at 5 25 positions in all, or in the case that the sputtering target
shape is a rectangle, at the center thereof (1 position) and intermediate
positions (4 positions) between the center on the diagonal lines of the
rectangle and corners thereof, that is, at 5 positions in all, about the 30
maximum grain obtained by magnifying the polished surface 29 



of the target 2,500 times and observing a frame 50 Eun square in the
surface by means of a scanning electron microscope, the maximum size
thereof is measured; and then the grain sizes of the maximum grains present
in 5 respective frames at the five positions are averaged. The sputtering
target of the present embodiment may be a sputtering target comprising a
sintered product of a four-component system metal oxide comprising indium
oxide, tin oxide, gallium oxide and zinc oxide, the metal oxide 10
comprising one or more hexagonal crystal lamellar compounds selected from
the group consisting of Inz03 ( Zn0 ) m [wherein m is an integer of 2 to
10] ( InZGa2Zn07, InGaZn04, InGaZn205, InGaZn306, InGaZn,O~, InGaZn508,
InGaZn609, and ' InGaZn,Olo, and the sintered product having a composition
15 of 70 to 94% by mass of the indium oxide, 5 to 20% by mass of the tin
oxide, and 1 to 10% by mass of the total of the gallium oxide and the zinc
oxide. In the sputtering target comprising the sintered product of the
four-component system metal oxide, the 20 content by percentage of the tin
oxide component is set into 5 to 20% by mass. This is because: if the
content by percentage of the tin oxide is less than 5% by mass, the
electric resistance of the sputtering target may not fall sufficiently; and
if the content by percentage of the tin 25 oxide is more than 20% by mass,
the electric resistance may rise. The content by percentage of the tin
oxide component in this sintered product is more preferably from 5 to 15%
by mass, still more preferably from 7 to 12% by mass. The content by
percentage of the total of the 30 gallium oxide component and the zinc
oxide component in 30   this sputtering target is set into 1 to 10% by
mass. This is because: if the content by percentage of the total of the
gallium oxide and the zinc oxide is less than 1% by mass, the resultant
transparent conductive film 5 crystallizes so that the etching workability
thereof comes to deteriorate; and if the content by percentage of the total
of the gallium oxide and the zinc oxide is more than 10% by mass, the
conductivity of the resultant transparent conductive film comes to fall. 10
About the composition of the metal oxide in the sputtering target
comprising the sintered product of the four-component system metal oxide,
the content by percentage of the indium oxide is preferably from 75 to 93%
by mass, the content by percentage of the tin oxide is 15 preferably from 5
to 15% by mass and the content by percentage of the total of the gallium
oxide and the zinc oxide is preferably from 2 to 10% by mass. This metal
oxide which is more preferably is a metal oxide wherein the content by
percentage of the indium, oxide is from 80 20 to 90% by mass) the content
by percentage of the tin oxide is from 7 to 12% by mass and the content by
percentage of the total of the gallium oxide and the zinc oxide is from 3
to 8% by mass. About the contents by percentage of the tin oxide 25 and the
zinc oxide in this sputtering target, it is preferable that the content by
percentage of the tin oxide is larger than that of the zinc oxide since the
conductivity of the resultant transparent conductive film can be improved.
The content by percentage of the tin 30 oxide is more preferably 1.5 times
or more larger than 31   



that of the zinc oxide, still more preferably 2 times or more larger than
that thereof. About the hexagonal crystal lamellar compound contained in
this sputtering target, the maximum grain 5 size of crystal thereof is
preferably 5 Eun or less . This is because by controlling the maximum grain
size of the crystal of the hexagonal crystal lamellar compound present in
boundaries of crystal of the indium oxide into 5 ~m or less in the sintered
product of this metal oxide, the 10 growth of the indium oxide crystal
adjacent to this is suppressed so that the maximum grain size thereof can
be controlled into 10 Eun or less. The maximum grain size of the crystal of
this hexagonal crystal, lamellar compound is more preferably controlled
into 3 Eun or less. In this 15 case, the maximum grain size of the indium
oxide crystal in the sintered product can be controlled into 7 E.m or less.
By reducing the grain size of the indium oxide crystal in the sintered
product which constitutes the sputtering target in this way, the generation
of nodules 20 can be suppressed when a film is formed. Next, a process for
producing this sputtering target is, for example, as follows: the
sputtering target can be produced by granulating, by casting or by means of
a spray drier, fine powder obtained by mixing and pulverizing 25 powders of
indium oxide, gallium oxide and zinc oxide, or additional tin oxide;
press-molding the granulated product; sintering the molded product; and
then cutting the sintered product. Herein, the mixing and pulverizing of
the respective metal oxides as starting materials can 30 be performed using
a wet-mixing pulverizer such as a wet 32   ball m111 or a bead mill,
ultrasonic waves, or the like. In this case, it is preferable that the
starting material powder is pulverized in such a manner that the average
particle size of the pulverized product will be 1 E.rm or 5 less. About
conditions for firing the metal oxides, under the atmosphere of air or
oxygen gas, the firing temperature is set into 1,300 to 1,700C, preferably
1,450 to 1,600C, and the firing time is set into 2 to 36 hours, 10
preferably 4 to 24 hours. Furthermore, it is preferable to set the
temperature-rising rate at the time of the firing into 2 to 10C/minute.
Furthermore, in order to produce a sputtering target from the resultant
sintered product, it is advisable to cut this sintered product into 15 a
shape suitable for being fitted to a sputtering machine and attach a
fitting jig to this. The sputtering target having the above-mentioned
structure is used to make it possible to form a transparent conductive film
on a substrate by. sputtering. 



20 The substrate and the sputtering machine used herein are the same as in
embodiment 1. The thus-obtained transparent conductive film of the present
embodiment is a film comprising a metal oxide comprising indium oxide,
gallium oxide and zinc oxide, the 25 metal oxide having a composition of 90
to 99% by mass of the indium oxide and 1 to 10% by mass of the total of the
gallium oxide and the zinc oxide. Since this transparent conductive film is
made of the metal oxide having the composition of 90 to 99% by 30 mass of
the indium oxide and 1 to 10% by mass of the total 33   of the gallium
oxide and the zinc oxide, excellent transparency and conductivity are
exhibited. Additionally, the transparent conductive film is excellent in
etching property since the film is amorphous. If the 5 content by
percentage of the total of the gallium oxide and the zinc oxide is less
than 1% by mass, the transparent conductive film becomes crystalline and
the etching property thereof comes to deteriorate. If the content by
percentage of the total of the gallium oxide 10 and the zinc oxide is more
than 10% by mass, the conductivity of the transparent conductive film comes
to be lowered. As this transparent conductive film, a film having a
composition of 90 to 98% by mass of the indium oxide and 2 to 10% by mass
of the total of the gallium 15 oxide and the zinc oxide is preferable since
the film has more excellent conductivity and etching property. A film
having a composition of 92 to 97% by mass of the indium oxide and 3 to 8%
by mass of the total of the gallium oxide and the zinc oxide is more
preferable. 20 The transparent conductive film of the present embodiment
may be a film comprising a four-component system metal oxide comprising
indium oxide, tin oxide, gallium oxide and zinc oxide) the metal oxide
having a composition of 70 to 94% by mass of the indium oxide, 5 to 25 20%
by mass of the tin oxide, and 1 to 10% by mass of the total of the gallium
oxide and the zinc oxide. This transparent conductive film comprising the
four-component system metal oxide is made of the metal oxide having the
composition of 70 to 94% by mass of the 30 indium oxide, 5 to 20% by mass
of the tin oxide, and 1 to 34   



10% by mass of the total of the gallium oxide and the zinc oxide, thereby
exhibiting excellent transparency and conductivity. Furthermore, the film
is excellent in etching property since the film is amorphous. The reason 5
why the content by percentage of the tin oxide in this
transparent,conductive film is set into 5 is that: if this content by
percentage of less than 5% by mass, the electric resist transparent
conductive film may not fall; 10 content by percentage of the tin oxide is
mass, the electric resistance may rise. to 20% by mass the tin oxide is
ance of the and if the more than 20% by About this transparent conductive
film comprising the four-component system metal oxide, it is preferable
that the content by percentage of the tin oxide is larger 15 than that of
the zinc oxide since the conductivity is excellent. The content by
percentage of the tin oxide in this transparent conductive film is more
preferably 1.5 times or more larger than that of the zinc oxide, still more
preferably 2 times or more larger than that thereof. 20 The content by
percentage of the total of the gallium oxide and the zinc oxide in the
transparent conductive film comprising the metal oxide is set into 1 to 10%
by mass. This is because: if this content by percentage is less than 1% by
mass, the transparent 25 conductive film becomes crystalline and the
etching property thereof comes to deteriorate; and if this content by
percentage is more than 10% by mass, the conductivity of the transparent
conductive film comes to be lowered. The composition of the metal oxide is
preferably a 30 composition of 75 to 93% by mass of the indium oxide, 5 to
35   15% by mass of the tin oxide, and 2 to 10% by mass of the total of the
gallium oxide and the zinc oxide, and is more preferably a composition of
80 to 90% by mass of the indium oxide, 7 to 12% by mass of the tin oxide,
and 3 to 5 8% by mass of the total of the gallium oxide and the zinc oxide.
Furthermore, this amorphous transparent conductive film comprising the
four-component system metal oxide is formed and subsequently the film is
subjected to heat 10 treatment at a temperature of 230C or more, thereby
making it possible to yield a transparent conductive film which is
crystalline and excellent in conductivity. The heat treatment temperature
in this case is preferably 250C or more, more preferably 260C or more.
However, the 15 temperature is usually not more than 300C. It is advisable
that the heat treatment time in this case is set into 0.1 to 5 hours. This
heat treatment is preferably conducted after the amorphous transparent
conductive film formed using the sputtering target is patterned. This 20
patterning treatment can be conducted by an ordinary 



method such as photolithography. The thus-obtained transparent conductive
film has a light transmissibility of 75% about light having a wavelength of
400 nm and a light transmissibility of 90% 25 about light having a
wavelength of 550 nm, and is excellent in transparency. Additionally, this
film has a high conductivity and a work function of 4.6 electron volts or
less; therefore, it is possible to control the connection resistance
thereof to the electron infection 30 layer of an organic
electroluminescence element into a low 36   value. Accordingly, this
transparent conductive film can be preferably used in a transparent
electrode of various display devices for which high transparency and
conductivity are required, such as liquid crystal display 5 elements and
organic electroluminescence display elements. [Example 1] (1) Production of
a sputtering target At a ratio of indium oxide powder to tin oxide powder,
as starting materials, of 90 parts by mass to 10 10 parts by mass, the two
metal oxides were supplied into a wet ball mill, and they were mixed and
pulverized for 10 hours to yield raw material powder having an average
particle size of 2 Vim. Next, the resultant raw material was dried and 15
granulated with a spray drier, put into a firing furnace and then sintered
at 1400C for 4 hours. The resultant sintered product was pulverized with a
crusher, and then pulverized with a hammer mill and a jet mill to yield
sintered product powder having an average particle size of 20 6 wm. Next,
to the sintered product powder yielded herein were newly added 30 parts by
mass of indium oxide powder and 3.3 parts by mass of tin oxide powder, and
then the whole volume thereof was supplied into a wet ball mill. 25 They
were mixed and pulverized for 24 hours to yield mixed powder having an
average particle size of 2 Vim. Next, this mixed powder was dried and
granulated with a spray drier, and molded into a disc having a diameter of
10 cm and a thickness of 5 mm with a press 30 molding machine. This disc
was put into a firing furnace 37   and sintered at a sintering temperature
of 1500C under the atmosphere of pressured oxygen gas for 8 hours. In the
thus-obtained sintered body, the content by percentage of the tin atoms was
9.3 atomic of the total 5 of the indium atoms and the tin atoms. The
surface of this sintered product was polished and then photographs thereof
magnified 2,500 times were taken with a scanning electron microscope at the
center (1 position) of the disc and intermediate positions (4 positions)
between the 10 center on two central lines which crossed each other at the
circle center and circular circumferences on the lines, that is, at 5
positions in a11. About the maximum crystal grain observed in a frame 50
E,~m square thereof, the maximum grain size was measured. The average value
of 15 the maximum sizes of the maximum crystal grains present in frames at
these 5 positions was calculated. As a result, the average value was 2.8
dun. This sintered product had a density of 7.0 g/cm3. This corresponded to
98% of the theoretical density ratio. The bulk resistance value of 20 this
sintered product measured by a four-probe method was 0 . 61 x 10-3 S2  cm.
The thus-obtained sintered product was cut to produce a sputtering target
having a diameter of about 10 cm and a thickness of 5 mm. The measurement
results of 



25 the composition and physical properties of this sputtering target are
shown in Table 1. (2) Observation whether nodules were generated or not The
sputtering target obtained in the abovementioned (1) was adhered to a plate
made of copper, and 30 the resultant was attached to a DC magnetron
sputtering 38   machine. As the atmosphere therein, a mixed gas wherein 3%
hydrogen gas was added to argon gas was used to perform sputtering
continuously for 30 hours. About conditions for the sputtering in this
case, the pressure, the arrival 5 pressure, the substrate temperature and
the applying electric were set to 3 x 10-1 Pa, 5 x 10'' Pa, 25C and 100 W,
respectively. The hydrogen gas added to the atmospheric gas was for
promoting the generation of nodules. 10 There was adopted a method of
magnifying a change in the target surface after the sputtering 50 times and
observing the change by means of a stereoscopic microscope, and calculating
the number average of nodules 20 ~.m or more in size generated in a visual
field 3 mmz in 15 size. As a result, the generation of nodules in the
surface of the sputtering target used herein was not observed. (3)
Production of a transparent conductive film The sputtering target obtained
in the above 20 mentioned (1) was attached to a DC magnetron sputtering
machine, and a transparent conductive film was formed on a glass substrate
at room temperature. About conditions for the sputtering herein, a mixed
gas wherein a small amount of oxygen gas was incorporated into argon gas
was used as 25 the atmosphere, and the sputtering pressure, the arrival
pressure, the substrate temperature, the applying electric power and the
time for forming the film were set to 3 x 10-1 Pa, 5 x 10-` Pa, 25C, 100 W,
and 20 minutes respectively. 30 As a result, obtained was a transparent
conductive 39   glass wherein a transparent conductive film having a film
thickness of about 2,000 angstroms was formed on the glass substrate. (4)
Evaluation of the transparent conductive film 5 About the conductivity of
the transparent conductive film on the transparent conductive glass
obtained in the above-mentioned (3), the specific resistance of the
transparent conductive film was measured by a four-probe 



method. As a result, it was 240 x 10-6 ~~cm. About the 10 transparency of
this transparent conductive film, the light transmissibility thereof was
90~ about light having a wavelength of 550 nm in accordance with a
spectrometer. Thus, the film was also excellent in transparency. [Example
2] 15 (1) Production of a sputtering target The ratio among used starting
materials was set as follows: 85 parts by mass of indium oxide, 10 parts by
mass of tin oxide, and 5 parts by mass of gallium oxide, as an oxide of a
third element. In this way, raw material 20 powder was prepared. This was
sintered and then pulverized in the same way as in the (1) in Example 1.
Next, to the resultant sintered product powder were newly added 25.5 parts
by mass of indium oxide, 3 parts by mass of tin oxide and 1.5 part by mass
of gallium oxide, 25 and the resultant was pulverized to yield mixed
powder. Thereafter, a sintered product was yielded in the same way as in
the (1) in Example 1. The measurement results of the composition and
physical properties of a sputtering target obtained by cutting this
sintered product are shown 30 in Table 1. 40   (2) Production of a
transparent conductive film A transparent conductive film was produced in
the same way as in the (3) in Example 1 except that the sputtering target
obtained in the above-mentioned (1) was 5 used. (3) Observation whether the
generation of nodules was observed or not, and Evaluation of the
transparent conductive film The same operations as the (2) and the (4) in
10 Example 1 were conducted. The results are shown in Table 1. [Example 3]
(1) Production of a sputtering target The ratio among used starting
materials was set as 15 follows: 85 parts by mass of indium oxide, 10 parts
by mass of tin oxide, and 5 parts by mass of cerium oxide, as an oxide of a
third element. In this way, raw material powder was prepared. This was
sintered and then pulverized in the same way as in the (1) in Example 1. 



20 Next, to the resultant sintered product powder were newly added 25.5
parts by mass of indium oxide, 3 parts by mass of tin oxide and 1.5 part by
mass of cerium oxide, and the resultant was pulverized to yield mixed
powder. Thereafter, a sintered product was yielded in the same way 25 as in
the (1) in Example 1. The measurement results of the composition and
physical properties of a sputtering target obtained by cutting this
sintered product are shown in Table 1. (2) Production of a transparent
conductive film 30 A transparent conductive film was produced in the 41
same way as in the (3) in Example 1 except that the sputtering target
obtained in the above-mentioned (1) was used. (3) Observation whether the
generation of nodules was 5 observed or not, and Evaluation of the
transparent conductive film The same operations as the (2) and the (4) in
Example 1 were conducted. The results are shown in Table 1. 10 [Comparative
Example 1] (1) Production of a sputtering target At a ratio of indium oxide
powder to tin oxide powder, as starting materials, of 90 parts by mass to
10 parts by mass, the two metal oxides were supplied into a 15 wet ball
mill, and they were mixed and pulverized for 10 hours to yield raw material
powder having an average particle size of 2 N,m. Next, the resultant raw
material was dried and granulated with a spray drier, and then molded into
a disc 20 having a diameter of 10 cm and a thickness of 5 mm by means of a
press-molding machine. This disc was put into a firing furnace and then
sintered at 1500C under the atmosphere of pressured oxygen gas for 8 hours.
The sintered product was cut to yield a sputtering target. 25 (2)
Production of a transparent conductive film A transparent conductive film
was produced in the same way as in the (3) in Example 1 except that the
sputtering target obtained in the above-mentioned (1) was used. 30 (3)
Observation whether the generation of nodules was 42    observed or not,
and Evaluation of the transparent 



conductive film The same operations as the (2) and the (4) in Example 1
were conducted. The results are shown in Table 5 1. Table 1
Com-ExampleExampleExampleparative123Example1Sn/(In+Sn)9.39.19.19.3a0Third
element_Ga O z zCe0 z-[ oxide ]0Third elementU content by - 7.3 4.1
-percentage [atomic%]bAverage crystal2.83.22.99.3grain size [gym]b~,Number
of generated00028nodulesSpecific resistance ' ~ [ x 10-6S2 cm
]240280210380~ , ~U r-I'~ rILighttransmissibility [~]90929190 [Example 4]
10 (1) Production of a sputtering target At a ratio of indium oxide powder
to gallium oxide powder to germanium oxide powder, as starting materials,
of 86 parts by mass to 10 parts by mass to 4 parts by 43   mass, the metal
oxides were supplied into a wet ball mill, and they were mixed and
pulverized for 10 hours to yield raw material powder having an average
particle size of 1.8 to 2 Vim. Next, the resultant raw material was dried
and 5 granulated with a spray drier, and the resultant particles were
filled into a mold and molded under pressure by means of a pressing machine
to yield a disc-form molded product 



having a diameter of 10 cm and a thickness of 5 mm. Next, this molded
product was put into a firing 10 furnace and then sintered under the
atmosphere of pressured oxygen gas for 6 hours while the sintering
temperature was controlled into 1420 to 1480C. About the thus-obtained
sintered product, the composition thereof was analyzed. As a result, the 15
content by percentage of the [A1] component was 86% by mass, the content by
percentage of the [B] component was 10% by mass, and the content by
percentage of the [C] component was 4% by mass. This sintered product was
analyzed by EPMA. As a result, it was proved that indium 20 oxide crystal
wherein gallium atoms were solid-dissolved by substitution and indium oxide
crystal wherein germanium atoms were solid-dissolved by substitution were
present. Additionally, it was proved that gallium oxide wherein indium
atoms were solid-dissolved by substitution and 25 germanium oxide wherein
indium atoms were solid-dissolved by substitution were present. At the
center (1 position) of the disc-form sintered product and intermediate
positions (4 positions) between the center on two central lines which
crossed each other at the circle center and 30 circular circumferences on
the lines, that is, at 5 44   positions in a11 thereof, the sintered
product was magnified 2,500 times and photographed with a scanning electron
microscope. About the maximum crystal grain observed in a frame 50 fun
square thereof , the maximum 5 grain size thereof was measured. The average
value of the maximum grain sizes of the maximum crystal grains present in
frames at these 5 positions was calculated. As a result, it was 2.3 ~.m.
The density of this sintered product was 6.65 g/cm3. This corresponded to
96% of the 10 theoretical density ratio. Furthermore, the bulk resistance
value of this sintered product, measured by a four-prove method, was 3 . 8
x 10'' SZ  cm. The thus-obtained sintered product was cut to produce a
sputtering target having a diameter of about 10 15 cm and a thickness of
about 5 mm. (2) Observation whether the generation of nodules was observed
or not The sputtering target was observed in the same way as in the (2) in
Example 1. 20 As a result, the generation of nodules was not observed in
the surface of the sputtering target used 



herein. The composition and physical properties of the sputtering target
produced herein, and observation results 25 as to whether nodules were
generated or not are shown in Table 2. (3) Production of a transparent
conductive film A transparent conductive film was produced in the same way
as in the (3) in Example 1. 30 As a result, there was obtained a
transparent 45    conductive glass wherein a transparent conductive film
having a film thickness of about 2,000 angstroms was formed on a glass
substrate. (4) Evaluation of the transparent conductive film 5 The
transparent conductive film on the transparent conductive glass, which was
obtained in the abovementioned (3), was evaluated about the following
items. The results are shown in Table 3. 1) Conductivity 10 About the
conductivity, the specific resistance of the transparent conductive film
was measured by a fourprove method. As a result, the value of the specific
resistance was 480 x 10-6 ~~cm. 2) Transparency 15 About the transparency,
the light transmissibility was measured with a spectrometer. As a result,
the light transmissibility was 78% about light having a wavelength of 400
nm. The light transmissibility was 91% about light having a wavelength of
550 nm. 20 3) Crystallinity The crystallinity was measured by X-ray
diffractometry. As a result, this transparent conductive film was
amorphous. 4) Etching property 25 About the etching property, an aqueous
oxalic acid solution having a concentration of 3.5% by mass was used as an
etching solution, so as to carry out a test at 30C. The state of an etched
surface of the transparent conductive film after etching was observed with
a 30 stereoscopic micrometer. As a result, it was proved that 46   no
residue of the transparent conductive film was present on the etched
surface of the film. 



The same operation as described above was performed except that a mixed
acid of nitric acid: phosphoric 5 acid:acetic acid:water = 2:17:1800:1000
was used as the etching solution, so as to evaluate the etching property.
As a result, it was proved that no residue of the transparent conductive
film was present on the etched surface of the film. 10 5) Work function The
work function was measured by air ultraviolet ray electron spectrometry. As
a result, the work function of this transparent conductive film was 4.4
electron volts. 15 [Example 5] (1) Production of a sputtering target, and
observation as to whether or not nodules were generated A sputtering target
was produced in the same way as in the (1) in Example 4 except that the
ratio among used 20 starting materials was set as follows: 91 parts by mass
of indium oxide, 6 parts by mass of gallium oxide and 3 parts by mass of
germanium oxide. Next, in the same way as in the (2) in Example 4, it was
observed whether or not nodules were generated at the 25 time of sputtering
about the resultant sputtering target. The composition and physical
properties of this sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 2. (2) Production and
evaluation of a transparent conductive 30 film 47   A transparent
conductive film was produced in the same way as in the (3) in Example 4
except that the sputtering target obtained in the above-mentioned (1) was
used. 5 Next, about this transparent conductive film, the 



transparent conductive film was evaluated in the same way as in the (4) in
Example 4. The evaluation results herein are shown in Table 3. [Example 6]
10 (1) Production of a sputtering target, arid observation as to whether or
not nodules were generated A sputtering target was produced in the same way
as in the (1) in Example 4 except that the ratio among used starting
materials was set as follows: 93 parts by mass of 15 indium oxide) 4 parts
by mass of gallium oxide and 3 parts by mass of germanium oxide. Next, in
the same way as in the (2) in Example 4, it was observed whether or not
nodules were generated at the time of sputtering about the resultant
sputtering target. 20 The composition and physical properties of this
sputtering target, and observation results as to whether or not the nodules
were generated are shown in Table 2. (2) Production and evaluation of a
transparent conductive film 25 A transparent conductive film was produced
in the same way as in the (3) in Example 4 except that the sputtering
target obtained in the above-mentioned (1) was used. Next, about the
transparent conductive film obtained 30 herein, the transparent conductive
film was evaluated in 48   the same way as in the (4) in Example 4. The
evaluation results herein are shown in Table 3. [Example 7] (1) Production
of a sputtering target, and observation as 5 to whether or not nodules were
generated A sputtering target was produced in the same way as in the (1) in
Example 4 except that the ratio among used starting materials was set as
follows: 95 parts by mass of indium oxide, 3 parts by mass of gallium oxide
and 2 parts 10 by mass of germanium oxide. Next) in the same way as in the
(2) in Example 4, it was observed whether or not nodules were generated at
the time of sputtering about the resultant sputtering target. The
composition and physical properties of this 15 sputtering target, and
observation results as to whether or not the nodules were generated are
shown in Table 2. (2) Production and evaluation of a transparent conductive
f i lm A transparent conductive film was produced in the 20 same way as in
the (3) in Example 4 except that the sputtering target obtained in the
above-mentioned (1) was used. Next, about the transparent conductive film
obtained herein, the transparent conductive film was evaluated in 25 the
same way as in the (4) in Example 4. The evaluation results herein are
shown in Table 3. [Comparative Example 2] (1) Production of a sputtering
target, and observation as to whether or not nodules were generated 



30 A sputtering target was produced in the same way as 49   in the (1) in
Example 4 except that only indium oxide powder was used as starting
material. Next, in the same way as in the (2) in Example 4, it was observed
whether or not nodules were generated at the 5 time of sputtering about the
resultant sputtering target. After the sputtering was continuously
performed for 30 hours, 45 nodules were observed in a visual field of size
3 mmz, which was magnified 50 times, in the surface of this sputtering
target. 10 The composition and physical properties of the sputtering target
produced herein, and observation results as to whether or not the nodules
were generated are shown in Table 2. (2) Production and evaluation of a
transparent conductive 15 film A transparent conductive film was produced
in the same way as in the (3) in Example 4 except that the . sputtering
target obtained in the above-mentioned (1) was used. 20 Next, about the
transparent conductive film obtained herein, the transparent conductive
film was evaluated in the same way as in the (4) in Example 4. The
evaluation results herein are shown in Table 3. [Comparative Example 3] 25
(1) Production of a sputtering target, and observation as to whether or not
nodules were generated A sputtering target was produced in the same way as
in the (1) in Example 4 except that the ratio between used materials was
set as follows: 94 parts by mass of indium 30 oxide and 6 parts by mass of
gallium oxide. 50   Next, in the same way as in the (2) in Example 4, it
was observed whether or not nodules were generated at the time of
sputtering about the resultant sputtering target. After the sputtering was
continuously performed for 30 5 hours, 24 nodules were observed in a visual
field of size 3 mmZ, which was magnified 50 times, in the surface of 



this sputtering target. The composition and physical properties of the
sputtering target produced herein, and observation results 10 as to whether
or not the. nodules were generated are shown in Table 2. (2) Production and
evaluation of a transparent conductive film A transparent conductive film
was produced in the 15 same way as in the (3) in Example 4 except that the
sputtering target obtained in the above-mentioned (1) was used. Next, about
the transparent conductive film obtained herein, the transparent conductive
film was evaluated in 20 the same way as in the (4) in Example 4. The
evaluation results herein are shown in Table 3. [Comparative Example 4] (1)
Production of a sputtering target, and observation as to whether or not
nodules were generated 25 A sputtering target was produced in the same way
as in the (1) in Example 4 except that the ratio between used materials was
set as follows: 94 parts by mass of indium oxide and 6 parts by mass of
germanium oxide. Next, in the same way as in the (2) in Example 4, it 30
was observed whether or not nodules were generated at the 51   time of
sputtering about the resultant sputtering target. After the sputtering was
continuously performed for 30 hours, 21 nodules were observed in a visual
field of size 3 mm2, which was magnified 50 times, in the surface of 5 this
sputtering target. The composition and physical properties of the
sputtering target produced herein, and observation results as to whether or
not the nodules were generated are shown in Table 2. 10 (2) Production and
evaluation of a transparent conductive film A transparent conductive film
was produced in the same way as in the (3) in Example 4 except that the
sputtering target obtained in the above-mentioned (1) was 15 used. Next,
about the transparent conductive film obtained herein, the transparent
conductive film was evaluated in the same way as in the (4) in Example 4.
The evaluation results herein are shown in Table 3. 52  



Table 2 Example (Comparative4567(2)(3)(4)Example)[A] Indium oxide
type869193951009494ocomponent~~[B] Gallium oxide
type10643060ocomponentaE[C] Germanium oxide type4332006componentMaximum
grain size of2.33.13.43.2(21)8.810.2''~crystal [ Eun ] "1HoDensity
[g/cm3]6.656.496.506.866.506.206.30NBulk resistance
(x10-3523.84.24.44.615.05.27.2cm]~~Number of generatedp000452421~,nodules
1) Indium oxide crystal wherein Ga atoms and/or Ge atoms are
solid-dissolved by substitution. However, the crystal of Comparative
Example 2 was a crystal made only of indium oxide. 53   Table 3
Example(Comparative4567(2)(3)(4)Example)Specificresistance48045042038056058
0420[ Q52 cm ]wo(Wave-length7877777875817340'0 nmtr, '~ ~a ~o;~Wave -cN
~length91909190889289550 nma~ b
FinernAmor-Amor-Amor-Amor-crys-Amor-Amor-Crystallinit
yrophousphousphousphoustal-phousphouslinitywo~Aqueous+~UnableUnableoH
ooxalic Good Good Good Good to be to be
Goodetchedetchedosolutiona~wAqueousUnableUnablemixed Good Good Good Good to
be Good to be +~acid etched etchedwsolutionw Work functio
n[electron4.44.44.34.35.34.74.6volts] 



[Example 8] (1) Production of a sputtering target, and observation as 5 to
whether or not nodules were generated A sintered product was obtained in
the same way as in the (1) in Example 4 except that the ratio among used
starting materials was set as follows: 86 parts by mass of indium oxide, 6
parts by mass of tin oxide, 6 parts by 10 mass of gallium oxide, and 2
parts by mass of germanium 54   oxide. This sintered product was analyzed
by EPMA. As a result, it was proved that there were indium oxide crystal
wherein tin atoms were solid-dissolved by substitution, indium oxide
crystal wherein gallium atoms were solid s dissolved by substitution, and
indium oxide crystal wherein germanium atoms were solid-dissolved by
substitution. It was also proved that there were tin oxide wherein indium
atoms were solid-dissolved by substitution, gallium oxide wherein indium
atoms were 10 solid-dissolved by substitution, and germanium oxide wherein
indium atoms were solid-dissolved by substitution. Next, this sintered
product was worked in the same way as in the (1) in Example 4 to produce a
sputtering target. Next, in the same way as in the (2) in Example 4) it 15
was observed whether or not nodules were generated at the time of
sputtering about the resultant sputtering target. The composition and
physical properties of this sputtering target, and observation results as
to whether or not the nodules were generated are shown in Table 4. 20 (2)
Production and evaluation of a transparent conductive film A transparent
conductive film was produced in the same way as in the (3) in Example 4
except that the sputtering target obtained in the above-mentioned (1) was
25 used. Next, about the transparent conductive film obtained herein, the
transparent conductive film was evaluated in the same way as in the (4) in
Example 4. This transparent conductive film was subjected to heat treatment
at 250C 30 and the specific resistance thereof was measured by a 55
four-prove method. The evaluation results herein are shown in Table 5.
[Example 9] (1) Production of a sputtering target, and observation as 5 to
whether or not nodules were generated A sputtering target was produced in
the same way as in the (1) in Example 4 except that the ratio among used
starting materials was set as follows: 88 parts by mass of indium oxide, 6
parts by mass of tin oxide, 4 parts by 



10 mass of gallium oxide, and 2 parts by mass of germanium oxide. Next, in
the same way as in the (2) in Example 4, it was observed whether or not
nodules were generated at the time of sputtering about the resultant
sputtering target. 15 The composition and physical properties of this
sputtering target, and observation results as to whether or not the nodules
were generated are shown in Table 4. (2) Production and evaluation of a
transparent conductive film 20 A transparent conductive film was produced
in the same way as in the (3) in Example 4 except that the sputtering
target obtained in the above-mentioned (1) was used. Next, about the
transparent conductive film obtained 25 herein, the transparent conductive
film was evaluated in the same way as in the (2) in Example 8. The
evaluation results herein are shown in Table 5. [Example 10] (1) Production
of a sputtering target, and observation as 30 to whether or not nodules
were generated 56   A sputtering target was produced in the same way as in
the (1) in Example 4 except that the ratio among used starting materials
was set as follows: 83 parts by mass of indium oxide, 8 parts by mass of
tin oxide, 6 parts by 5 mass of gallium oxide, and 3 parts by mass of
germanium oxide. Next, in the same way as in the (2) in Example 4, it was
observed whether or not nodules were generated at the time of sputtering
about the resultant sputtering target. 10 The composition and physical
properties of this sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 4. (2) Production and
evaluation of a transparent conductive film 15 A transparent conductive
film was produced in the same way as in the (3) in Example 4 except that
the sputtering target obtained in the above-mentioned (1) was used. Next,
about the transparent conductive film obtained 20 herein, the transparent
conductive film was evaluated in the same way as in the (2) in Example 8.
The evaluation results herein are shown in Table 5. [Example 11) (1)
Production of a sputtering target, and observation as 25 to whether or not
nodules were generated A sputtering target was produced in the same way as
in the (1) in Example 4 except that the ratio among used starting materials
was set as follows: 85 parts by mass of indium oxide, 8 parts by mass of
tin oxide, 4 parts by 30 mass of gallium oxide, and 3 parts by mass of
germanium 57  



oxide. Next, in the same way as in the (2) in Example 4, it was observed
whether or not nodules were generated at the time of sputtering about the
resultant sputtering target. 5 The composition and physical properties of
this sputtering target, and observation results as to whether or not the
nodules were generated are shown in Table 4. (2) Production and evaluation
of a transparent conductive film 10 A transparent conductive film was
produced in the same way as in the (3) in Example 4 except that the
sputtering target obtained in the above-mentioned (1) was used. Next, about
the transparent conductive film obtained 15 herein, the transparent
conductive film was evaluated in the same way as in the (2) in Example 8.
The evaluation results herein are shown in Table 5. [Example 12] (1)
Production of a sputtering target, and observation as 20 to whether or not
nodules were generated A sputtering target was produced in the same way as
in the (1) in Example 4 except that the ratio among used starting materials
was set as follows: 82 parts by mass of indium oxide, 8 parts by mass of
tin oxide, 6 parts by 25 mass of gallium oxide) and 4 parts by mass of
germanium oxide. Next, in the same way as in the (2) in Example 4, it was
observed whether or not nodules were generated at the time of sputtering
about the resultant sputtering target. 30 The composition and physical
properties of this 58   sputtering target, and observation results as to
whether or not the nodules were generated are shown in Table 4. (2)
Production and evaluation of a transparent conductive film 5 A transparent
conductive film was produced in the same way as in the (3) in Example 4
except that the sputtering target obtained in the above-mentioned (1) was
used. Next, about the transparent conductive film obtained 10 herein, the
transparent conductive film was evaluated in the same way as in the (2) in
Example 8. The evaluation results herein are shown in Table 5. [Example 13]
(1) Production of a sputtering target, and observation as 15 to whether or
not nodules were generated A sputtering target was produced in the same way
as in the (1) in Example 4 except that the ratio among used starting
materials was set as follows: 84 parts by mass of indium oxide, 8 parts by
mass of tin oxide, 4 parts by 20 mass of gallium oxide, and 4 parts by mass
of germanium oxide. Next) in the same way as in the (2) in Example 4, it
was observed whether or not nodules were generated at the time of
sputtering about the resultant sputtering target. 25 The composition and
physical properties of this sputtering target, and observation results as
to whether or not the nodules were generated are shown in Table 4. (2)
Production and evaluation of a transparent conductive f i lm 30 A
transparent conductive film was produced in the 



59   same way as in the (3) in Example 4 except that the sputtering target
obtained in the above-mentioned (1) was used. Next, about the transparent
conductive film obtained 5 herein, the transparent conductive film was
evaluated in the same way as in the (2) in Example 8. The evaluation
results herein are shown in Table 5. [Comparative Example 5] (1) Production
of a sputtering target, and observation as 10 to whether or not nodules
were generated A sputtering target was produced in the same way as in the
(1) in Example 4 except that the ratio between used starting materials was
set as follows: 90 parts by mass of indium oxide, and 10 parts by mass of
tin oxide. 15 Next, in the same way as in the (2) in Example 4, it was
observed whether or not nodules were generated at the time of sputtering
about the resultant sputtering target. The composition and physical
properties of this sputtering target, and observation results as to whether
20 or not the nodules were generated are shown in Table 6. (2) Production
and evaluation of a transparent conductive film A transparent conductive
film was produced in the same way as in the (3) in Example 4 except that
the 25 sputtering target obtained in the above-mentioned (1) was used.
Next, about the transparent conductive film obtained herein, the
transparent conductive film was evaluated in the same way as in the (2) in
Example 8. The evaluation 30 results herein are shown in Table 7. 60
[Comparative Example 6] (1) Production of a sputtering target, and
observation as to whether or not nodules were generated A sputtering target
was produced in the same way as 5 in the (1) in Example 4 except that the
ratio among used starting materials was set as follows: 90 parts by mass of
indium oxide, 5 parts by mass of tin oxide, and 5 parts by mass of gallium
oxide. Next, in the same way as in the (2) in Example 4, it 10 was observed
whether or not nodules were generated at the time of sputtering about the
resultant sputtering target. The composition and physical properties of
this sputtering target, and observation results as to whether or not the
nodules were generated are shown in Table 6. 15 (2) Production and
evaluation of a transparent conductive film A transparent conductive film
was produced in the same way as in the (3) in Example 4 except that the
sputtering target obtained in the above-mentioned (1) was 20 used. Next,
about the transparent conductive film obtained herein, the transparent
conductive film was evaluated in the same way as in the (2) in Example 8.
The evaluation results herein are shown in Table 7. 25 [Comparative Example
7] (1) Production of a sputtering target, and observation as to whether or
not nodules were generated A sputtering target was produced in the same way
as in the (1) in Example 4 except that the ratio among used 30 starting
materials was set as follows: 90 parts by mass of 61  



indium oxide, 5 parts by mass of tin oxide, and 5 parts by mass of
germanium oxide. Next, in the same way as in the (2) in Example 4, it was
observed whether or not nodules were generated at the 5 time of sputtering
about the resultant sputtering target. The composition and physical
properties of this sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 6. (2) Production and
evaluation of a transparent conductive 10 film A transparent conductive
film was produced in the same way as in the (3) in Example 4 except that
the sputtering target obtained in the above-mentioned (1) was used. 15
Next, about the transparent conductive film obtained herein, the
transparent conductive film was evaluated in the same way as in the (2) in
Example 8. The evaluation results herein are shown in Table 7. [Comparative
Example 8] 20 (1) Production of a sputtering target, and observation as to
whether or not nodules were generated A sputtering target was produced in
the same way as in the (1) in Example 4 except that the ratio among used
starting materials was set as follows: 70 parts by mass of 25 indium oxide,
10 parts by mass of tin oxide, 10 parts by mass of gallium oxide, and 10
parts by mass of germanium oxide. Next, in the same way as in the (2) in
Example 4, it was observed whether or not nodules were generated at the 30
time of sputtering about the resultant sputtering target. 62   The
composition and physical properties of this sputtering target, and
observation results as to whether or not the nodules were generated are
shown in Table 6. (2) Production and evaluation of a transparent conductive



5 film A transparent conductive film was produced in the same way as in the
(3) in Example 4 except that the sputtering target obtained in the
above-mentioned (1) was used. 10 Next, about the transparent conductive
film obtained herein, the transparent conductive film was evaluated in the
same way as in the (2) in Example 8. The evaluation 15 results herein are
shown in Table 7. Table 4 Example8910111213[A] Indium oxide
type868883858284componentao[A] Tin oxide type668888component[B] Gallium
oxide type646464ocomponentU[C] Germanium oxide type223344componentNMaximum
grain size of 3.1 2.8 2.4 2.8 2.8 2.4'~~,crystal [gym]NoDensity
[g/cm3]6.326.386.276.406.456.21a Bulk resistance [x10-352 0.72 0.68 0.64
0.66 0.71 0.67cm].r.,Number of generated0000wnodules00 63   Table 5
Example8910111213Specificresistance480420410530540440[ wS2cm
]SWave-"length797879808179400 nma~Wave-length909191919290550
nm00Fine+~Amor-Amor-Amor-Amor-crys-Amor-Crystallinity phous phous 



phous phous tal- phouslinitywAqueousNoxalicGoodGoodGoodGoodGoodGoodp,acid
o0 ~, solutionAqueousmixedGoodGoodGoodGoodGoodGoodQ,UacidNWsolutionw'~
bWork function[electron4.14.14.14.14.14.1volts]Specificresistanceafter
heat180185175150155185treatment[ i,52 cm ] 64   Table 6 (Comparative
Example)(5)(6)(7)(8)[A] Indium oxide typecomponent909090700[A] Tin oxide
type component105510o[B] Gallium oxide typecomponent050100U[C] Germanium
oxide typecomponent00510Maximum grain size of7.g12.47.62.5crystal [ E,im]~
a~Density [g/cm']6.896.686.546.18~ a~Bulk resistance [x10-'SZ
cm]0.420.580.812.3aNumber of generated nodules32182112 65   Table 7
(Comparative Example)(5)(6)(7)(8)Specific resistance560530580570[i.52
cm]u~Lightngth e75787484+~transmiss4p0 nmibilityWavelengtho[%]550
nm88908991UFineFineFinem N
Crystallinitycry-crys-cry-Amor-cdstal-tal-stal-phouslinitylinitylinityrdAqu
eousUnableUnablePresenceoxalic acidto beto beofGoodo
Etchingsolutionetchedetchedresidueproperty Aqueous Unable Presence
PresenceN mixed acid to be of of Goodsolutionetchedresidueresidue0NWork
function[electron volts]4.7--4.6U'NSpecific resistanceafter heat
treatment130180150560~''[ Q52 cm ] 



[Example 14] (1) Production of a sputtering target 5 Indium oxide powder,
gallium oxide powder and zinc oxide powder as starting materials were mixed
at a ratio of 93% by mass, 4% by mass and 3% by mass and then mixed powder
of these metal oxides was supplied into a wet ball mill, and they were
mixed and pulverized for 10 hours to 10 yield raw material powder having an
average particle size of 1.8 to 2 wm. Next, the resultant raw material
powder 66   was dried and granulated with a spray drier, and the resultant
particles were filled into a mold and molded under pressure by means of a
pressing machine to yield a disc-form molded product having a diameter of
10 cm and a 5 thickness of 5 mm. Next, this molded product was put into a
firing furnace and then sintered under the atmosphere of pressured oxygen
gas for 6 hours while the sintering temperature was controlled into 1420 to
1480C. 10 The sintered product obtained herein was analyzed by X-ray
diffractometry and EPMA. As a result, it was proved that hexagonal crystal
lamellar compounds represented by In203( Zn0), and InGaZn04 were generated.
At the center ( 1 position) of the disc-form sintered product and 15
intermediate positions (4 positions) between the center on two central
lines which crossed each other at the circle center and circular
circumferences on the lines, that is, at 5 positions in a11 thereof, the
sintered product was magnified 2,500 times and photographed with a scanning
20 electron microscope. About the maximum crystal grain observed in a frame
50 Eun square thereof, the maximum grain size thereof was measured. The
average value of the maximum grain sizes of the maximum crystal grains
present in frames at these 5 positions was calculated. As a 25 result, it
was 2.8 ~zn. The density of this sintered product was 6.6 g/cm3. This
corresponded to 94% of the theoretical density ratio. Furthermore, the bulk
resistance value of this sintered product, measured by a four-prove method,
was 2 . 4 x 10-3 S2 ~ cm. 30 The thus-obtained sintered product was cut to
67   produce a sputtering target having a diameter of about 10 cm and a
thickness of about 5 mm. 



(2) Observation whether the generation of nodules was observed or not 5 An
identification was made in the same way as in the (2) in Example 1. As a
result, the generation of nodules was not observed in the surface of the
sputtering target used herein. 10 The composition and physical properties
of the sputtering target produced herein, and observation results as to
whether nodules were generated or not are shown in Table 8. (3) Production
of a transparent conductive film 15 A transparent conductive film was
produced in the same way as in the (3) in Example 1. As a result, there was
obtained a transparent conductive glass wherein a transparent conductive
film having a film thickness of about 2,000 angstroms was 20 formed on a
glass substrate. (4) Evaluation of the transparent conductive film The
transparent conductive film on the transparent conductive glass) which was
obtained in the above mentioned (3), was evaluated in the same way as in
the (4) 25 in Example 4. The results are shown in Table 9. [Example 15] (1)
Production of a sputtering target, and observation as to whether or not
nodules were generated A sputtering target was produced in the same way as
30 in the (1) in Example 14 except that the ratio among used 68   starting
materials was set as follows: 91 parts by mass of indium oxide, 6 parts by
mass of gallium oxide, and 3 parts by mass of zinc oxide. It was proved
that a hexagonal crystal lamellar compound represented by 5 In2Ga2Zn0, was
generated in the resultant sputtering target. Next, in the same way as in
the (2) in Example 14, it was observed whether or not nodules were
generated at the time of sputtering about this sputtering target. 



10 The composition and physical properties of this sputtering target, and
observation results as to whether or not the nodules were generated are
shown in Table 8. (2) Production and evaluation of a transparent conductive
f i lm 15 A transparent conductive film was produced in the same way as in
the (3) in Example 14 except that the sputtering target obtained in the
above-mentioned (1) was used. Next, about this transparent conductive film,
the 20 transparent conductive film was evaluated in the same way as in the
(4) in Example 14. The evaluation results herein are shown in Table 9.
[Example 16] (1) Production of a sputtering target, and observation as 25
to whether or not nodules were generated A sputtering target was produced
in the same way as in the .(1) in Example 14 except that the ratio among
used starting materials was set as follows: 94 parts by mass of indium
oxide, 4 parts by mass of gallium oxide, and 2 30 parts by mass of zinc
oxide. It was proved that a 69   hexagonal crystal lamellar compound
represented by InGaZn04 was generated in the resultant sputtering target.
Next, in the same way as in the (2) in Example 14, it was observed whether
or not nodules were generated at 5 the time of sputtering about this
sputtering target. The composition and physical properties of this
sputtering target, and observation results as to whether or not the nodules
were generated are shown in Table 8. (2) Production and evaluation of a
transparent conductive 10 film A transparent conductive film was produced
in the same way as in the (3) in Example 14 except that the sputtering
target obtained in the above-mentioned (1) was used. 15 Next, about the
transparent conductive film obtained herein, the transparent conductive
film was evaluated in the same way as in the (4) in Example 14. The
evaluation results herein are shown in Table 9. [Example 17] 20 (1)
Production of a sputtering target, and observation as 



to whether or not nodules were generated A sputtering target was produced
in the same way as in the (1) in Example 14 except that the ratio among
used starting materials was set as follows: 92 parts by mass of 25 indium
oxide, 6 parts by mass of gallium oxide, and 2 parts by mass of zinc oxide.
It was proved that a hexagonal crystal lamellar compound represented by
InZGa2Zn0, was generated in the resultant sputtering target. 30 Next, in
the same way as in the (2-) in Example 14, 70   it was observed whether or
not nodules were generated at the time of sputtering about this sputtering
target. The composition and physical properties of this sputtering target,
and observation results as to whether 5 or not the nodules were generated
are shown in Table 8. (2) Production and evaluation of a transparent
conductive film A transparent conductive film was produced in the same way
as in the (3) in Example 14 except that the 10 sputtering target obtained
in the above-mentioned (1) was used. Next, about the transparent conductive
film obtained herein, the transparent conductive film was evaluated in the
same way as in the (4) in Example 14. The evaluation 15 results herein are
shown in Table 9. [Comparative Example 9] (1) Production of a sputtering
target, and observation as to whether or not nodules were generated A
sputtering target was produced in the same way as 20 in the (1) in Example
14 except that 90 parts by mass of indium oxide and 10 parts by mass of
gallium oxide were used as starting materials. It was not proved that any
hexagonal crystal lamellar compound was generated in the resultant
sputtering target. 25 Next, in the same way as in the (2) in Example 14, it
was observed whether or not nodules were generated at the time of
sputtering about this sputtering target. After the sputtering was
continuously performed for 30 hours, 21 nodules were observed in a visual
field of size 30 3 mmZ, which was magnified 50 times, in the surface of 71
this sputtering target. The composition and physical properties of this
sputtering target, and observation results as to whether or not the nodules
were generated are shown in Table B. 5 (2) Production and evaluation of a
transparent conductive film A transparent conductive film was produced in
the same way as in the (3) in Example 14 except that the sputtering target
obtained in the above-mentioned (1) was 10 used. Next, about the
transparent conductive film obtained 



herein, the transparent conductive film was evaluated in the same way as in
the (4) in Example 14. The evaluation results herein are shown in Table 9.
15 [Comparative Example 10] (1) Production of a sputtering target, and
observation as to whether or not nodules were generated A sputtering target
was produced in the same way as in the (1) in Example 14 except that the
ratio between 20 used starting materials was set as follows: 90 parts by
mass of indium oxide and 10 parts by mass of zinc oxide. It was proved that
a hexagonal crystal lamellar compound represented by In203(Zn0), was
generated in the resultant sputtering target. 25 Next, in the same way as
in the (2) in Example 14, it was observed whether or not nodules were
generated at the time of sputtering about this sputtering target. After the
sputtering was continuously performed for 30 hours, no nodule was observed
in a visual field of size 3 30 mm2, which was magnified 50 times, in the
surface of this 72   sputtering target. The composition and physical
properties of this sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 8. 5 (2) Production
and evaluation of a transparent conductive film A transparent conductive
film was produced in the same way as in the (3) in Example 14 except that
the sputtering target obtained in the above-mentioned (1) was 10 used.
Next, about the transparent conductive film obtained herein, the
transparent conductive film was evaluated in the same way as in the (4) in
Example 14. The evaluation results herein are shown in Table 9. 15
[Comparative Example 11] (1) Production of a sputtering target, and
observation as to whether or not nodules were generated A sputtering target
was produced in the same way as in the (1) in Example 14 except that the
ratio between 20 used starting materials was set as follows: 95 parts by
mass of indium oxide and 5 parts by mass of gallium oxide. It was not
proved that any hexagonal crystal lamellar compound was generated in the
resultant sputtering target. Next, in the same way as in the (2) in Example
14, 25 it was observed whether or not nodules were generated at the time of
sputtering about this sputtering target. After the sputtering was
continuously performed for 30 hours, 32 nodules were observed in a visual
field of size 3 mm2, which was magnified 50 times, in the surface of 30
this sputtering target. 73 



The composition and physical properties of this sputtering target, and
observation results as to whether or not the nodules were generated are
shown in Table 8. (2) Production and evaluation of a transparent conductive
5 film A transparent conductive film was produced in the same way as in the
(3) in Example 14 except that the sputtering target obtained in the
above-mentioned (1) was used. 10 Next, about the transparent conductive
film obtained herein, the transparent conductive film was evaluated in the
same way as in the (4) in Example 14. The evaluation results herein are
shown in Table 9. [Comparative Example 12] 15 (1) Production of a
sputtering target, and observation as to whether or not nodules were
generated A sputtering target was produced in the same way as in the (1) in
Example 14 except that the ratio between used starting materials was set as
follows: 97 parts by 20 mass of indium oxide and 3 parts by mass of zinc
oxide. It was proved that a hexagonal crystal lamellar compound represented
by InZ03(Zn0)a was generated in the resultant sputtering target. Next, in
the same way as in the (2) in Example 14, 25 it was observed whether or not
nodules were generated at the time of sputtering about the resultant
sputtering target. After the sputtering was continuously performed for 30
hours, 12 nodules were observed in a visual field of size 3 mm2, which was
magnified 50 times, in the 30 surface of this sputtering target. 74   The
composition and physical properties of this sputtering target, and
observation results as to whether or not the nodules were generated are
shown in Table 8. (2) Production and evaluation of a transparent conductive



5 film A transparent conductive film was produced in the same way as in the
(3) in Example 14 except that the sputtering target obtained in the
above-mentioned (1) was used. 10 Next, about the transparent conductive
film obtained herein, the transparent conductive film was evaluated in the
same way as in the (4) in Example 14. The evaluation results herein are
shown in Table 9. 15 Table 8 Example
(Comparative14151617(9)(10)(11)(12)Example)oIndium
oxide9391949290909597.r.,+~ ~~Gallium oxide464610050VZinc oxide332201003
0Maximum grain size 2.8 2.4 3.4 3.2 8.6 1.7 17.8 7.8''~of crystal
[N.m]oDensity [g/cm']6.66.56.66.66.46.76.56.3Bulk
resistance2.42.12.62.85.43.24.44.7~d[x10''S2 cm]0Number of
generated00002103212nodules 75   Table 9
Example(Comparative14151617(9)(10)(11)(12)Example)Specificresistance2903203
10330580420570480[ i,52 cm ]S Wave-~'~ ~~ ~length7576757675687472o+~ ~ "400
nm~+~b' ~ +~ a ''~~ , 



~Wave -~length9190919090898989~550
nmFineFineFineCrystal-Amor-Amor-Amor-Amor-cry-Amor-cry-cry-p)linityphouspho
usphousphousstal-phousstal-stal-linitylinitylinitybH+'Pre-4..,Aqueous
Unable Unable sence+~oxalic Good Good Good Good to be Good to be ofoacid
etched etched resi-solutiondueHaa~,Aqueous
mixedsencesence,.itiGoodGoodGoodGoodGoodGoodofofacid
solutionresi-resi-duedueWorkfunction4,384.404.354.404.604.644.554.80[electr
onvolts] [Example 18] (1) Production of a sputtering target, and
observation as 5 to whether or not nodules were generated A sputtering
target was produced in the same way as in the (1) in Example 14 except that
the ratio among used starting materials was set as follows: 86 parts by
mass of indium oxide, 6 parts by mass of tin oxide, 6 parts by 76   mass of
gallium oxide, and 2 parts by mass of zinc oxide. It was proved that a
hexagonal crystal lamellar compound represented by In2Ga2Zn0, was generated
in the resultant sputtering target. 5 Next, in the same way as in the (2)
in Example 14, it was observed whether or not nodules were generated at the
time of sputtering about this sputtering target. The composition and
physical properties of this sputtering target, and observation results as
to whether 10 or not the nodules were generated are shown in Table 10. (2)
Production and evaluation of a transparent conductive film 



A transparent conductive film was produced in the same way as in the (3) in
Example 14 except that the 15 sputtering target obtained in the
above-mentioned (1) was used. Next, about the resultant transparent
conductive film, the transparent conductive film was evaluated in the same
way as in the (4) in Example 14. This transparent 20 conductive film was
subjected to heat treatment at 250C, and the specific resistance thereof
was measured by a four-prove method. The evaluation results herein are
shown in Table 11. [Example 19] 25 (1) Production of a sputtering target,
and observation as to whether or not nodules were generated A sputtering
target was produced in the same way as in the (1) in Example 14 except that
the ratio among used starting materials was set as follows: 86 parts by
mass of 30 indium oxide, 6 parts by mass of tin oxide, 4 parts by 77   mass
of gallium oxide, and 2 parts by mass of zinc oxide. It was proved that a
hexagonal crystal lamellar compound represented by InZGaZZnO, was generated
in the resultant sputtering target. 5 Next, in the same way as in the (2)
in Example 14, it was observed whether or not nodules were generated at the
time of sputtering about this sputtering target. The composition and
physical properties of this sputtering target, and observation results as
to whether 10 or not the nodules were generated are shown in Table 10. (2)
Production and evaluation of a transparent conductive film A transparent
conductive film was produced in the same way as in the (3) in Example 14
except that the 15 sputtering target obtained in the above-mentioned (1)
was used. Next, about the transparent conductive film obtained herein, the
transparent conductive film was evaluated in the same way as in the (2) in
Example 18. The evaluation 20 results herein are shown in Table 11.
[Example 20] (1) Production of a sputtering target, and observation as to
whether or not nodules were generated A sputtering target was produced in
the same way as 25 in the (1) in Example 14 except that the ratio among
used starting materials was set as follows: 84 parts by mass of indium
oxide, 8 parts by mass of tin oxide, 5 parts by mass of gallium oxide, and
3 parts by mass of zinc oxide. It was proved that a hexagonal crystal
lamellar compound 30 represented by InGaZn04 was generated in the resultant
78   sputtering target. Next, in the same way as in the (2) in Example 14,
it was observed whether or not nodules were generated at 



the time of sputtering about this sputtering target. 5 The composition and
physical properties of this sputtering target, and observation results as
to whether or not the nodules were generated are shown in Table 10. (2)
Production and evaluation of a transparent conductive film 10 A transparent
conductive film was produced in the same way as in the (3) in Example 14
except that the sputtering target obtained in the above-mentioned (1) was
used. Next, about the transparent conductive film obtained 15 herein, the
transparent conductive film was evaluated in the same way as in the (2) in
Example 18. The evaluation results herein are shown in Table 11. [Example
21] (1) Production of a sputtering target, and observation as 20 to whether
or not nodules were generated A sputtering target was produced in the same
way as in the (1) in Example 14 except that the ratio among used starting
materials was set as follows: 85 parts by mass of indium oxide, 8 parts by
mass of tin oxide, 4 parts by 25 mass of gallium oxide, and 3 parts by mass
of zinc oxide. It was proved that a hexagonal crystal lamellar compound
represented by InGaZn04 was generated in the resultant sputtering target.
Next, in the same way as in the (2-) in Example 14, 30 it was observed
whether or not nodules were generated at 79   the time of sputtering about
this sputtering target. The composition and physical properties of this
sputtering target, and observation results as to whether or not the nodules
were generated are shown in Table 10. 5 (2) Production and evaluation of a
transparent conductive film A transparent conductive film was produced in
the same way as in the (3) in Example 14 except that the sputtering target
obtained in the above-mentioned (1) was 



10 used. Next, about the transparent conductive film obtained herein) the
transparent conductive film was evaluated in the same way as in the (2) in
Example 18. The evaluation results herein are shown in Table 11. 15
[Example 22] (1) Production of a sputtering target, and observation as to
whether or not nodules were generated A sputtering target was produced in
the same way as in the (1) in Example 14 except that the ratio among used
20 starting materials was set as follows: 85 parts by mass of indium oxide,
8 parts by mass of tin oxide, 3 parts by mass of gallium oxide, and 4 parts
by mass of zinc oxide. It was proved that a hexagonal crystal lamellar
compound represented by InGaZnZ05 was generated in the resultant 25
sputtering target. Next, in the same way as in the (2) in Example 14, it
was observed whether or not nodules were generated at the time of
sputtering about this sputtering target. The composition and physical
properties of this 30 sputtering target, and observation results as to
whether 80   or not the nodules were generated are shown in Table 10. (2)
Production and evaluation of a transparent conductive film A transparent
conductive film was produced in the 5 same way as in the (3) in Example 14
except that the sputtering target obtained in the above-mentioned (1) was
used. Next, about the transparent conductive film obtained herein, the
transparent conductive film was evaluated in 10 the same way as in the (2)
in Example 18. The evaluation results herein are shown in Table 11.
[Example 23] (1) Production of a sputtering target, and observation as to
whether or not nodules were generated 15 A sputtering target was produced
in the same way as in the (1) in Example 14 except that the ratio among
used starting materials was set as follows: 86 parts by mass of indium
oxide, 8 parts by mass of tin oxide, 2 parts by mass of gallium oxide, and
4 parts by mass of zinc oxide. 20 It was proved that hexagonal crystal
lamellar compounds represented by Inz03 ( Zn0 ) 4 and InGaZn04 were
generated in the resultant sputtering target. Next, in the same way as in
the (2) in Example 14, it was observed whether or not nodules were
generated at 25 the time of sputtering about this sputtering target. The
composition and physical properties of this sputtering target, and
observation results as to whether or not the nodules were generated are
shown in Table 10. (2) Production and evaluation of a transparent
conductive 30 film 



81   A transparent conductive film was produced in the same way as in the
(3) in Example 14 except that the sputtering target obtained in
the,above-mentioned (1) was used. 5 Next, about the transparent conductive
film obtained herein, the transparent conductive film was evaluated in the
same way as in the (2) in Example 18. The evaluation results herein are
shown in Table 11. [Comparative Example 13] 10 (1) Production of a
sputtering target) and observation as to whether or not nodules were
generated A sputtering target was produced in the same way as in the (1) in
Example 14 except that the ratio between used starting materials was set as
follows: 90 parts by 15 mass of indium oxide and 10 parts by mass of tin
oxide. It was not proved that any hexagonal crystal lamellar compound was
generated in the resultant sputtering target. Next, in the same way as in
the (2) in Example 14, it was observed whether or not nodules were
generated at 20 the time of sputtering about this sputtering target. After
the sputtering was continuously performed for 30 hours, 43 nodules were
observed in a visual field of size 3 mm2, which was magnified 50 times, in
the surface of this sputtering target. 25 The composition and physical
properties of this sputtering target, and observation results as to whether
or not the nodules were generated are shown in Table 12. (2) Production and
evaluation of a transparent conductive film 30 A transparent conductive
film was produced in the 82   same way as in the (3) in Example 14 except
that the sputtering target obtained in the above-mentioned (1) was used.
Next, about the transparent. conductive film obtained 5 herein, the
transparent conductive film was evaluated in the same way as in the (2) in
Example 18. The evaluation results herein are shown in Table 13.
[Comparative Example 14] (1) Production of a sputtering target, and
observation as 10 to whether or not nodules were generated A sputtering
target was produced in the same way as in the (1) in Example 14 except that
the ratio among used starting materials was set as follows: 88 parts by
mass of indium oxide, 9 parts by mass of tin oxide, and 3 parts by 15 mass
of zinc oxide. It was not proved that any hexagonal 



crystal lamellar compound was generated in the resultant sputtering target.
Next, in the same way as in the (2) in Example 14, it was observed whether
or not nodules were generated at 20 the time of sputtering about this
sputtering target. The composition and physical properties of this
sputtering target, and observation results as to whether or not the nodules
were generated are shown in Table 12. (2) Production and evaluation of a
transparent conductive 25 film A transparent conductive film was produced
in the same way as in the (3) in Example 14 except that the sputtering
target obtained in the above-mentioned (1) was used. 30 Next, about the
transparent conductive film obtained 83   herein, the transparent
conductive film was evaluated in the same way as in the (2) in Example 18.
The evaluation results herein are shown in Table 13. 5 Table 10
Example181920212223pIndium oxide8686848585860+'Tin oxide668888p,Gallium
oxide645432VZinc oxide223344Maximum grain size3.13.42.72.82.12.4of crystal
[gym]NN o Density [g/cm3] 6.71 6.74 6.72 6.73 6.75 6.78Bulk resistance 



[ 10- S2 ]0.870.910.760.730.650.63x cmNumber of generated nodules000000a,
84   Table 11 Example181920212223Specific290320310330340340resistance [
~,SZ cm]yv~Wavelength ~ 400 nm757675767475~ ~ ^~ a~~ a an~ ~
.Wavelength919091909090550
nmaAmor-Amor-Amor-Amor-Amor-Amor-a~Crystallinityphousphousphousphousphousph
ouswAqueousoxalic acidGoodGoodGoodGoodGoodGood~ Nsolution.,pV f.~W
aAqueousmixed acidGoodGoodGoodGoodGoodGood.~
+~solutionNNoWork.functiona[electron volts]4.184.164.194.174.184.16,b
USpecific~resistance afterheat treatment140145160160170190( ~S2 cm ] 85
Table 12 (Comparative Example)(13)(14)Indium oxide90880~'Tin
oxide109Np,Gallium oxide000Zinc oxide03Maximum grain size of .~ crystal [
N,m]~.83.5No Density [ g/cm3 ] 6 . 98 6 . 68 .0NaBulk resistance [ x10-3SZ
cm]0.480.61Number of generated Q, nodules4318 Table 13 



(Comparative Example)(13){14)Specific resistance [i,52
cm]560380LightWavelength 400 nm7567trans i -m ssibilityWavelength 550 nm88
~90~.~U Crystallinity Fine p,~orphousccrystallinity0NU Aqueous oxalic
Presence ofacid solutionresidueGoodEtchingpropertyAqueous mixed
acidPresence of solution residueGoodSpecific resistance afterheat treatment
[~S2 cm) 130 190 86   Industrial Applicability According to the sputtering
target of the present invention, at the time of using this to form a
transparent conductive film, the generation of nodules is suppressed 5 and
the formation of the film can be performed with stability and good
productivity. Therefore, a transparent conductive film having a good
quality can be produced with good productivity. Since the transparent
conductive film of the present invention can be etching-worked with a weak
10 acid, an electrode can be worked without producing any adverse effect on
wiring material for a thin film transistor or the like. 87    CLAIMS 1. A
sputtering target, comprising indium oxide and tin oxide, the content by
percentage of the tin atoms 5 therein being from 3 to 20 atomic of the
total of the indium atoms and the tin atoms, and the maximum grain size of
indium oxide crystal in the sputtering target being 5 ~m or less. 



10 2. The sputtering target according to claim 1, which further comprises
an oxide of a metal the valence of which is trivalent or more as a third
element, the content by percentage of the third element being from 0.1 to
10 atomic of all metal atoms. 15 3. The sputtering target according to
claim 2, wherein the oxide of the third element is one or more metal oxides
selected from the group consisting of gallium oxide, germanium oxide,
yttrium oxide, scandium oxide, 20 lanthanum oxide, niobium oxide, cerium
oxide, zirconium oxide, hafnium oxide and tantalum oxide. 4. A process for
producing the sputtering target according to claim 1, comprising the steps
of: 25 granulating, by casting or by means of a spray drier, fine particles
obtained by drying fine particles yielded by wet-pulverizing a mixture of
indium oxide and tin oxide, sintering the dried fine particles, adding
indium oxide and tin oxide to the sintered pulverized 30 product and
wet-pulverizing the resultant; 88    press-molding the granulated
particles; sintering the molded particles; and then cutting the sintered
molded product. 5 5. A process for producing the sputtering target
according to claim 2, comprising the steps of: granulating, by casting or
by means of a spray drier, fine particles obtained by drying fine particles
yielded by wet-pulverizing a mixture of indium oxide, tin 10 oxide and an
oxide of a metal the valence of which is trivalent or more, sintering the
dried fine particles, adding indium oxide, tin oxide and an oxide of a
metal the valence of which is trivalent or more to the sintered pulverized
product, and then wet-pulverizing the 15 resultant; press-molding the
granulated particles; sintering the molded particles; and then cutting the
sintered molded product. 20 6. A process for producing a transparent
conductive film, wherein the sputtering target according to claim 1 is used
to form the film by sputtering. 7. A sputtering target,. comprising a
sintered 25 product of a metal oxide comprising 85 to 99% by mass of [A1]
(al) indium oxide, and 1 to 15% by mass of the total of [B] gallium oxide
and [C] germanium oxide, wherein the sintered product comprises, as
components of the indium oxide, indium oxide wherein gallium atoms are
solid 30 dissolved by substitution and indium oxide wherein 89   germanium
atoms are solid-dissolved by substitution. 8. The sputtering target
according to claim 7, wherein the maximum grain size of each of crystal of
the 5 indium oxide wherein the gallium atoms are solid-dissolved by
substitution and crystal of the indium oxide wherein the germanium atoms
are solid-dissolved by substitution is 5 ~m or less. 



10 9. A sputtering target, comprising a sintered product of a metal oxide
comprising 90 to 99% by mass of the total of [A2] (a2) indium oxide and
(a3) tin oxide, and 1 to 10% by mass of the total of [B] gallium oxide and
[C] germanium oxide, wherein the sintered product 15 comprises, as
components of the indium oxide, indium oxide wherein tin atoms are
solid-dissolved by substitution, indium oxide wherein gallium atoms are
solid-dissolved by substitution, and indium oxide wherein germanium atoms
are solid-dissolved by substitution. 20 10. The sputtering target according
to claim 9, wherein the maximum grain size of each of crystal of the indium
oxide wherein the tin atoms are solid-dissolved by substitution, crystal of
the indium oxide wherein the 25 gallium atoms are solid-dissolved by
substitution, and crystal of the indium oxide wherein the germanium atoms
are solid-dissolved by substitution is 5 N,m or less. 11. A transparent
conductive film, comprising a 30 sintered product of a metal oxide
comprising 85 to 99% by 90   mass of [A1] (al) indium oxide, and 1 to 15%
by mass of the total of [B] gallium oxide and [C] germanium oxide, wherein
the sintered product comprises, as components of the indium oxide, indium
oxide wherein gallium atoms are 5 solid-dissolved by substitution and
indium oxide wherein germanium atoms are solid-dissolved by substitution.
12. A transparent conductive film, comprising a sintered product of a metal
oxide comprising 90 to 99% by 10 mass of the total of [A2] (a2) indium
oxide and (a3) tin oxide, and 1 to 10% by mass of the total of [B] gallium
oxide and [C] germanium oxide, wherein the sintered product comprises, as
components of the indium oxide, indium oxide wherein tin atoms are
solid-dissolved by 15 substitution, indium oxide wherein gallium atoms are
solid-dissolved by substitution, and indium oxide wherein germanium atoms
are solid-dissolved by substitution. 13. The transparent conductive film
according to 20 claim 12, which is subjected to heat treatment at a
temperature of 230C or higher. 14. A process for producing a transparent
conductive film, wherein the sputtering target according to claim 7 25 is
used to form the film by sputtering. 15. A process for producing a
transparent conductive film, wherein the sputtering target according to
claim 9 is used to form the film by sputtering. 30 91   16. A sputtering
target, comprising a sintered product of a metal oxide comprising indium
oxide, gallium oxide and zinc oxide, the metal oxide comprising one or more
hexagonal crystal lamellar compounds selected from 5 InzO, ( Zn0 ) m [
wherein m is an integer of 2 to 10 ] , InZGazZnO,, InGaZn04, InGaZnZ05,
InGaZn306, InGaZn40,, InGaZn508, InGaZn609, and InGaZn,Olo, and the
sintered product having a composition of 90 to 99% by mass of the indium
oxide and 1 to 10% by mass of the total of the 10 gallium oxide and the
zinc oxide. 17. The sputtering target according to claim 16, wherein the
maximum grain size of crystal of the hexagonal crystal lamellar compound is
5 ~.m or less. 15 



18. A sputtering target, comprising a sintered product of a metal oxide
comprising indium oxide, tin oxide, gallium oxide and zinc oxide, the metal
oxide comprising one or more hexagonal crystal lamellar 20 compounds
selected from Inz03( Zn0)m [wherein m is an integer of 2 to 10],
InZGaZZnO,, InGaZn04, InGaZn205, InGaZn306, InGaZn40~, InGaZn508,
InGaZn609, and InGaZn,Olo, and the sintered product having a composition of
70 to 94% by mass of the indium oxide, 5 to 20% by mass of the tin 25
oxide, and 1 to 10% by mass of the total of the gallium oxide and the zinc
oxide. 19. The sputtering target according to claim 18, wherein the maximum
grain size of crystal of the-hexagonal 30 crystal lamellar compound is 5 ~m
or less. 92   20. A transparent conductive film, comprising a metal oxide
comprising indium oxide, gallium oxide, and zinc oxide, the metal oxide
having a composition of 90 to 5 99% by mass of the indium oxide, and 1 to
10% by mass of the total of the gallium oxide and the zinc oxide. 21. A
transparent conductive film, comprising a metal oxide comprising indium
oxide, tin oxide, gallium 10 oxide, and zinc oxide, the metal oxide having
a composition of 70 to 94% by mass of the indium oxide, 5 to 20% by mass of
the tin oxide, and 1 to 10% by mass of the total of the gallium oxide and
the zinc oxide. 15 22. The transparent conductive film according to claim
21, which is subjected to heat treatment at a temperature of 230C or
higher. 23. The transparent conductive film according to 20 claim 21, which
is patterned and subsequently subjected to heat temperature at a
temperature of 230C or higher. 24. A process for producing a transparent
conductive film, wherein the sputtering target according to claim 16 25 is
used to form the film by sputtering. 25. A process for producing a
transparent conductive film, wherein the sputtering target according to
claim 18 is used to form the film by sputtering. 
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