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FIG.4
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Silicon oxide-niwmide Resistivity

Deposition  Ga content Film Transmittance of light

surTace thickness film thickness (wavelength 380 nm)
at. % nm om Q-cm %
Embodiment 12 One 40 200 0 1.2 %107 64
Embodiment 13 Both 40 200 0 12 x10° 60
Embodiment 14 One 40 200 20 1.6 x 10° 54
Embodiment 15 Both 40 200 20 1.6 x 107 60

Note) The transmittance of light indicates a measured value containing that of the
substrate (PET film, 89 % transmittance of light).
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TRANSPARENT CONDUCTIVE FILM, SINTERED
BODY TARGET FOR TRANSPARENT
CONDUCTIVE FILM FABRICATION, AND
TRANSPARENT CONDUCTIVE BASE MATERIAL
AND DISPLAY DEVICE USING THE SAME

TECHNICAL FIELD

[0001] This invention relates to a transparent conductive
film used in a display device, such as an organic or inorganic
EL element, an electronic paper, or a touch panel; a sintered
body target for transparent conductive film fabrication; and
a transparent conductive base material and a display device
using this transparent conductive base material.

BACKGROUND ART

[0002] In recent display devices represented by liquid
crystal monitors, transparent conductive films are largely
used for electrodes. These films need to have a low electrical
resistivity and a high transmittance of light in a visible
region of wavelengths. As substances satisfying such char-
acteristics in good balance, metal oxide thin films are chiefly
used at present, and tin oxide (SnO,) base (which is mainly
utilized by doping F or antimony (Sb)) having high chemical
stability, indium oxide (In,0;), and tin-doped indium oxide
(In,O;—Sn0O,, which is hereinafter referred to as ITO)
having excellent electrical and optical properties are known.

[0003] However, new display devices, such as organic or
inorganic EL elements and electronic papers, have recently
been developed and requirements for transparent conductive
films have been diversified so that common ITO crystal films
can no longer accommodate the requirements.

[0004] For example, there is a problem that when the ITO
crystal film is used for the organic EL element, the local
concentration of electric current is produced because a
projection structure due to crystal growth is present, and
uniform display becomes difficult. In the visible region, the
transmittance of light in a short-wavelength region (the
visible region of short wavelengths) of about 380-400 nm is
particularly low, and thus there is another problem that the
efficiency for taking out the light of a particular wavelength
from a light-emitting layer is impaired. From these prob-
lems, it is demanded that an amorphous transparent conduc-
tive film whose surface is extremely flat or a transparent
conductive film having a high transmittance of light in the
visible region, notably in the visible region of short wave-
lengths, should be used for the organic EL element.

[0005] As another example, a transparent conductive film
that is hard to break with respect to bending is essential for
the electronic paper characterized by flexibility. In general,
an oxide crystal film has a grain boundary that is slight in
structure and is liable to break. Thus, it is known that an
amorphous film which is free of the grain boundary is hard
to break with respect to bending. From this, it is proposed to
use the amorphous transparent conductive film as the trans-
parent conductive film that is resistant to bending. It is
needless to say that the high transmittance in the visible
region of short wavelengths is important for the amorphous
transparent conductive film, like the organic EL element, in
order to improve the taking-out efficiency of light.

[0006] Patent Reference 1 described below proposes the
organic electroluminescence element comprising an organic

Feb. 7, 2008

layer that contains an organic light-emitting layer, sand-
wiched between an anode and a cathode so that the cathode
includes, in order from a side coming in contact with the
organic layer, an electron injection electrode layer, a trans-
parent conductive film, and a metallic thin film with a
resistivity of 1x10™> Q-cm or less, laminated one over
another and a transparent thin film layer is formed outside
the cathode. In this case, an amorphous transparent conduc-
tive film using an oxide composed of indium (In), zinc (Zn),
and oxygen (O) is applied.

[0007] Patent Reference 2 described below sets forth a
transparent conductive film in which a compound metallic
oxide film containing In, Sn, and Zn, as the transparent
conductive film having the properties of the high transmit-
tance of visible light and low resistance, forms at least one
kind of In,Sn;O,, crystal, or microcrystals or amorphism
composed of In, Sn, and Zn, and as the composition of metal
contained therein, an Sn content indicated by Snx100/(In+
Sn) is 40-60 at. % and a Zn content indicated by Znx100/(In
+7Zn) is 10-90 at. %.

[0008] Patent Reference 3 described below proposes a
transparent conductive film in which, in a quasi-two-dimen-
sional system indicated by an oxide containing magnesium
(Mg) and indium (In), MgO—1In,O;, as the transparent
conductive film having a band gap of 3.4 eV and a refractive
index of light of 2.0 that are almost the same as in a
conventional transparent conductive film and possessing
much higher conductivity than Mgln,0O, and In,O;, namely
lower resistivity and excellent optical properties, an In
content indicated by In/(Mg+In) is 70-95 at. %.

[0009] Patent Reference 4 described below proposes a
transparent conductive film in which, in a quasi-two-dimen-
sional system indicated by Ga,O,—In,O, as the transparent
conductive film having a composition range considerably
different from GalnO; which has been known in the past and
possessing much higher conductivity than GalnO; and
In,O;, namely lower resistivity and excellent optical prop-
erties, a Ga content indicated by Ga/(Ga+In) is 15-49 at. %.

[0010] Patent Reference 1: Japanese Patent Kokai No.
Hei 10-294182

[0011] Patent Reference 2: Japanese Patent Kokai No.
Hei 10-83719

[0012] Patent Reference 3: Japanese Patent Kokai No.
Hei 8-264023

[0013] Patent Reference 4: Japanese Patent Kokai No.
Hei 9-259640

[0014] Patent Reference 5: Japanese Patent Kokai No.
Hei 7-182924

[0015] However, in each of the above conventional trans-
parent conductive films, the problems still remain that the
transmittance of light in the visible region of short wave-
lengths is low and the taking-out efficiency of light men-
tioned above is impaired.

[0016] Patent Reference 5 states that, in a gallium-indium
oxide (GalnO,) film in which a heterovalent dopant like a
quadrivalent atom is doped by a small amount, transparency
is promoted, index matching is improved, and the electrical
conductivity of nearly the same level as in a wide-band-gap
semiconductor used at present can be attained. This film is
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capable of bringing about the high transmittance in the
visible region of short wavelengths, but has still the draw-
backs that, as in the crystal film mentioned above, the
projection structure is produced on the surface of the film
and the film is liable to break with respect to bending.
Moreover, a substrate temperature as high as about 350° C.
is required and thus is disadvantageous to a fabrication
process.

[0017] Therefore, there is nothing to sufficiently accom-
modate, in good balance, the demand for the amorphous
transparent conductive film whose surface is extremely flat
in the organic EL element, the demand for the high trans-
mittance in the visible region, notably in the short-wave-
length region (in the visible region of short wavelengths) of
about 380-400 nm, and the need for the transparent conduc-
tive film that is hard to break with respect to bending in the
electronic paper characterized by flexibility. The develop-
ment of the transparent conductive film combining these
properties has been strongly desired.

DISCLOSURE OF THE INVENTION

Problems that the Invention is to Solve

[0018] An object of the present invention is to provide a
transparent conductive film which is amorphous, has a high
transmittance of light in the visible region of short wave-
lengths, and is hard to break with respect to bending.

Means for Solving Problems

[0019] In order to achieve the above object, the transparent
conductive film according to the present invention is formed
as an amorphous oxide film composed of Ga, In, and O, in
which a Ga content ranges from 35 at. % to 45 at. % with
respect to all metallic atoms, a resistivity ranges from
1.2x10 Q-cmto 8.0x107> Q-cm, a film thickness is 500 nm
or less, and the transmittance of light at a wavelength of 380
nm is 45% or more.

[0020] In the transparent conductive film according to the
present invention, preferably, the film thickness is 200 nm or
less and the transmittance of light at a wavelength of 380 nm
is 60% or more.

[0021] In the transparent conductive film according to the
present invention, preferably, the film thickness is 100 nm or
less and the transmittance of light at a wavelength of 380 nm
is 65% or more.

[0022] In the transparent conductive film according to the
present invention, an arithmetic mean height Ra is prefer-
ably 2.0 nm or less.

[0023] The sintered body target for transparent conductive
film fabrication according to the present invention is com-
posed of Ga, In, and O; ranges in Ga content from 35 at. %
to 45 at. % with respect to all metallic atoms; is chiefly
constructed from a GalnO; phase of a p-Ga,O;-type struc-
ture and an In,O; phase of a bixbyite-type structure; shows
an X-ray diffraction peak intensity ratio defined by the
following formula, ranging from 50% to 110%; and has a
density of 5.8 g/cm® or more:

In,O; phase (400)/B-GalnO; phase (111)x100[%]

[0024] In the sintered body target for transparent conduc-
tive film fabrication according to the present invention, the
resistivity is preferably 4.0x1072 Q-cm or less.
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[0025] Inthe transparent conductive base material accord-
ing to the present invention, the transparent conductive film
is formed on one or each surface of a transparent substrate
of one selected from among materials, such as a glass plate,
a quartz plate, a resin plate, and a resin film, by using the
sintered body target for transparent conductive film fabri-
cation.

[0026] Inthe transparent conductive base material accord-
ing to the present invention, a gas barrier film of at least one
selected from among compounds, such as silicon nitride,
silicon oxide-nitride, and silicon oxide, and the transparent
conductive film obtained by using the sintered body target
for transparent conductive film fabrication are successively
formed on one or each surface of a transparent substrate of
one selected from the resin plate and the resin film.

[0027] In the display device according to the present
invention, the transparent conductive base material is used.

EFFECT OF THE INVENTION

[0028] The transparent conductive film according to the
present invention is formed as an amorphous oxide film
composed of Ga, In, and O, in which the Ga content ranges
from 35 at. % to 45 at. % with respect to all metallic atoms,
the resistivity ranges 1.2x107> Q-cm to 8.0x10~> Q-cm, the
film thickness is 500 nm or less, and the transmittance of
light at a wavelength of 380 nm is 50% or more. The
transparent conductive film has a low resistivity and a high
transmittance of light in the visible region of short wave-
lengths which formerly have never been obtained, and
combines dominant features that breakage is hard to occur
which is inherent in the amorphous film, the arithmetic mean
height is low, and a film surface is smooth. Hence, the
transparent conductive film and the display device using
such transparent conductive films are useful as versatile
display devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a table showing together the target
evaluation and thin film evaluation of Embodiments 1-11
and Comparative examples 1-11 in the present invention.

[0030] FIG. 2 is a diagram showing an X-ray diffraction
pattern of a sintered body obtained at a sintering temperature
of 1400° C.

[0031] FIG. 3 is an X-ray diffraction diagram of a thin film
formed by using a target sintered at 1400° C.

[0032] FIG. 4 is a table showing together the film forming
surface, Ga content, silicon oxide-nitride film thickness,
resistivity, and transmittance of light of Embodiments 12-15
in the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0033] Before undertaking the explanation of the embodi-
ments, the progress of the pre-sent invention will be
described. As the result that the present inventors have
studied thoroughly to solve the above problems, they have
conducted researches concerning the optical properties of
many oxide films formed on the transparent substrate and
the ease of fabrication of the amorphous film. Thus, it has
become possible to obtain the transparent conductive film
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which is the amorphous oxide film composed of Ga, In, and
O and is hard to break with respect to bending and in which
the Ga content ranges from 35 at. % to 45 at. % with respect
to all metallic atoms, the resistivity ranges 1.2x107> Q-cm to
8.0x107% Q-cm, the film thickness is 500 nm or less, and the
transmittance of light at a wavelength of 380 nm is 45% or
more. In this way, the present invention has been completed.

[0034] Specifically, a first aspect of the present invention
provides the transparent conductive film which is the amor-
phous oxide film composed of Ga, In, and in which the Ga
content ranges from 35 at. % to 45 at. % with respect to all
metallic, atoms, the resistivity ranges 1.2x107° Q-cm to
8.0x10 Q-cm, the film thickness is 500 nm or less, and the
transmittance of light at a wavelength of 380 nm is 45% or
more.

[0035] A second aspect of the present invention provides
the transparent conductive film according to the first aspect
of the present invention in which the film thickness is 200
nm or less and the transmittance of light at a wavelength of
380 nm is 60% or more.

[0036] A third aspect of the present invention provides the
transparent conductive film according to the first aspect of
the present invention in which the film thickness is 100 nm
or less and the transmittance of light at a wavelength of 380
nm is 65% or more.

[0037] A fourth aspect of the present invention provides
the transparent conductive film according to any one of the
first to third aspects of the present invention in which the
arithmetic mean height Ra is 2.0 nm or less.

[0038] A fifth aspect of the present invention provides the
sintered body target for transparent conductive film fabri-
cation which is composed of Ga, In, and O; ranges in Ga
content from 35 at. % to 45 at. % with respect to all metallic
atoms; is chiefly constructed from a GalnO; phase of a
B-Ga,O;-type structure and an In,O; phase of a bixbyite-
type structure; shows an X-ray diffraction peak intensity
ratio defined by the following formula, ranging from 50% to
110%; and has a density of 5.8 g/cm® or more:

In, 05 phase (400)/p-GalnO; phase (111)x100[%]

[0039] A sixth aspect of the present invention provides the
sintered body target for transparent conductive film fabri-
cation according to the fifth aspect of the present invention
in which the resistivity is 4.0x1072 Q-cm or less.

[0040] A seventh aspect of the present invention provides
the transparent conductive base material which comprises
the transparent conductive film according to any one of the
first to fourth aspects of the present invention, formed on one
or each surface of a transparent substrate of one selected
from among materials, such as a glass plate, a quartz plate,
a resin plate, and a resin film, by using the sintered body
target for transparent conductive film fabrication according
to the fifth or sixth aspect of the present invention.

[0041] An eighth aspect of the present invention provides
the transparent conductive base material which comprises a
gas barrier film of at least one selected from among com-
pounds, such as silicon nitride, silicon oxide-nitride, and
silicon oxide, and the transparent conductive film according
to any one of the first to fourth aspects of the present
invention obtained by using the sintered body target for
transparent conductive film fabrication according to the fifth
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or sixth aspect of the present invention, successively formed
on one or each surface of a transparent substrate of one
selected from the resin plate and the resin film.

[0042] A ninth aspect of the present invention provides the
display device using the transparent conductive base mate-
rial according to the seventh or eighth aspect of the pre-sent
invention.

[0043] Subsequently, the embodiments of the present
invention will be described, but the present invention is not
limited to these embodiments.

[0044] The transparent conductive film of the present
invention is the amorphous oxide film composed of Ga, In,
and O, in which a Ga content ranges from 35 at. % to 45 at.
% with respect to all metallic atoms, a resistivity ranges
from 1.2x1073 Q-cm to 8.0x1072 Q-cm, a film thickness is
500 nm or less, and the transmittance of light at a wave-
length of 380 nm is 45% or more.

[0045] The transparent conductive film of the present
invention is the amorphous oxide film composed of Ga, In,
and O. If the Ga content is below 35 at. %, the transmittance
of light in the visible region of short wavelengths will be
impaired. Beyond 45 at. %, the conductivity will be lowered.

[0046] Tt is desirable that the resistivity of the transparent
conductive film is less than 1.2x10~> Q-cm, but for this, the
composition of the transparent conductive film needs a Ga
content below 35%. In this case, the problem arises that the
transmittance of light at a wavelength of 380 nm is impaired.
If the resistivity is beyond 8.0x10> Q-cm, the range of
application of the transparent conductive film will be nar-
rowed to cause a problem.

[0047] 1If the film thickness is 500 nm or less and the
transmittance of light at a wavelength of 380 nm is less than
45%, the taking-out efficiency of light, as in a conventional
transparent conductive film, will be impaired, and thus it is
necessary that the transmittance of light at a wavelength of
380 nm is 45% or more. In particular, it is desirable that in
the above transparent conductive film, the film thickness is
200 nm or less and the transmittance of light at a wavelength
of 380 nm is 60% or more. It is further desirable that in the
above transparent conductive film, the film thickness is 100
nm or less and the transmittance of light at a wavelength of
380 nm is 65% or more.

[0048] In the transparent conductive film of the present
invention, it is desirable that the arithmetic mean height Ra
is 2.0 nm or less. Here, the arithmetic mean height Ra is
based on the definition of JIS B0601-2001. The arithmetic
mean height Ra more than 2.0 mm is unfavorable for
applications in which the flatness of the film surface is
required as in the organic EL element.

[0049] As techniques of depositing the transparent con-
ductive film of the present invention, a sputtering process, a
solution coating method, and a CVD technique are cited as
examples. In view of productivity, a magnetron sputtering
process using DC plasma (a DC-magnetron sputtering pro-
cess) is favorable.

[0050] When the sputtering process is used to fabricate the
transparent conductive film of the present invention, it is
important to use the target of the present invention in order
to obtain the amorphous transparent conductive film of the
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present invention that has a high transmittance of light in the
visible region of short wavelengths.

[0051] The target of the present invention is a sintered
body target for thin film fabrication which is composed of
Ga, In, and O; ranges in Ga content from 35 at. % to 45 at.
% with respect to all metallic atoms; is chiefly constructed
from a $-GalnOj; phase and an In,O; phase; shows an X-ray
diffraction peak intensity ratio defined by the following
formula, ranging from 50% to 110%; and has a density of 5.8
g/cm’® or more:

In,O; phase (400)/B-GalnO; phase (111)x100[%]

[0052] Here, the In,O, phase may be such that oxygen
vacancy is introduced and may also be such that Ga is
replaced with part of In. The $-GalnO; phase may be such
that a Ga/In ratio of the number of atoms deviates somewhat
from a stoichiometric composition and may also be such that
oxygen vacancy is introduced.

[0053] The sintered body target for thin film fabrication of
the present invention, as mentioned above, is the sintered
body composed of Ga, In, and O and it is desirable to have
the Ga content ranging from 35 at. % to 45 at. % with respect
to all metallic atoms. If the Ga content is below 35 at. %, the
transmittance of light of a deposited amorphous film in the
visible region of short wavelengths will be lowered. On the
other hand, beyond 45 at. %, the resistivity of the amorphous
film will be increased.

[0054] The above description, however, does not apply to
the case where a target composition is not virtually equiva-
lent to an amorphous composition on a depositing condition.

[0055] Further, in the target of the present invention, it is
necessary that a peak intensity ratio between p-GalnO,
phase (111) reflection and In,O; phase (400) reflection in the
X-ray diffraction (a diffraction peak area intensity ratio),
defined by the above formula, ranges from 50% to 110%. If
the peak intensity ratio is below 50%, the resistivity of the
deposited amorphous film will be increased. On the other
hand, beyond 110%, the transmittance of light of the amor-
phous film in the visible region of short wavelengths will be
lowered.

[0056] According to the JCPDS card (the ASTM card), the
main peaks of the f-GalnOj; phase and the In,O; phase in the
X-ray diffraction are governed by (111) reflection and (222)
reflection, respectively, but In,O; phase (222) reflection is
superimposed with p-GalnO; phase (002) reflection, and
thus the In,O; phase is evaluated by (400) reflection that has
the second highest intensity.

[0057] 1t is further desirable that the resistivity of the
sintered body target for transparent conductive film fabri-
cation is 4.0x107> Q-cm or less.

[0058] Inthe present invention, by discussing raw material
powder, a mixing condition, and a sintering condition
described below, the sintered body target for thin film
fabrication such as that mentioned above has been obtained.
Specifically, when an atmospheric-pressure sintering
method is used, it is desirable that the raw material powder
has a purity of 3N or more and an average grain diameter is
adjusted to 3 um or less by grinding. It is desirable that
compound powder, an organic binder, and a disperser are
mixed until a uniform state is reached. In forming, it is
desirable to use a hydrostatic press that is capable of
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applying a uniform stress. It is desirable that the sintering
temperature ranges from 1250° C. to 1400° C. and the
sintering time is at least 12 hours, and it is more desirable
that sintering is performed in a current stream of oxygen.
Also, the above conditions are favorable for the case of the
atmospheric-pressure sintering method, but they do not
apply to the case where a pressure sintering method, such as
a hot pressing method, is used.

[0059] Embodiment 1 of Patent Reference 3 discloses that
atarget sintered at 1000° C. is used to form a thin film. When
the target is sintered at such a low temperature, however, it
is impossible to obtain the target capable of forming the
amorphous film of the present invention that exhibits the
relatively low resistivity and the high transmittance of light
in the visible region of short wavelengths.

[0060] In the manufacturing process of the sintered body
target for thin film fabrication of the present invention, a
(Ga, In),O; phase different from the GalnO; phase and a
Ga,0; phase that is an unavoidable production phase are
sometimes produced, depending on the average grain diam-
eter after grinding of the raw material powder and the
sintering condition.

[0061] The sintered body target of the present invention is
chiefly composed of the f-GalnO; phase and the In,O,
phase, but the (Ga, In),O; phase mentioned above may be
contained in the target when it is 80% or less at an X-ray
diffraction intensity ratio defined by the following formula:
Reflection (20=approximately 28°) by (Ga, In),O;
Fol/loéise/(ln203 phase (400)+p-GalnOj; phase (111))x100

[0062] Here, the description of “reflection (20=approxi-
mately 28°) by (Ga, In,O; phase” is due to the fact that,
according to the JCPDS card (the ASTM card), the crystal
structure and face index of the (Ga, In),0; phase are not
specified and only the face spacing and an X-ray diffraction
relative intensity ratio are specified. Even when the sintered
body target for thin film fabrication containing the (Ga,
In) O, phase in excess of 80% in the above formula is used,
a deposited amorphous transparent conductive film exhibits
the high transmittance of light in the visible region of short
wavelengths. However, the sintered body of a (Ga, In),O,
single phase shows the resistivity as high as about 5-10
€2-cm, and thus when the (Ga, In),O; phase exceeding 80%
in the above formula is contained in the sintered body target
for thin film fabrication, a film deposition rate is reduced in
the case where the sintered body target is used to perform
sputtering and productivity is impaired. It is thus desirable
that the content of the (Ga, In),O, phase is 80% or less in the
formula. Also, unavoidable impurities, such as a Ga,O;
unreactant, may be contained if they are such that the peak
in the X-ray diffraction is not observed.

[0063] In the sintered body target for thin film fabrication
of the present invention, it is desirable that the density of the
sintered body is 5.8 g/cm® or more. Below 5.8 g/cm?, the
frequency of occurrence of abnormal electric discharge in
sputtering is increased, and as a result, the amorphous
transparent conductive film of good quality cannot be
obtained.

[0064] In the sintered body target for thin film fabrication
of the present invention, it is desirable that the resistivity is
4.0x1072 Q-cm or less. If the resistivity is beyond 4.0x1072
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Q-cm, the film deposition rate will be reduced even when
DC magnetron sputtering is possible, and therefore, produc-
tivity is impaired.

[0065] The transparent substrate of one selected from
among materials, such as a glass plate, a quartz plate, a resin
plate, and a resin film, can be used as the substrate, but the
substrate for the display device is not limited to this.

[0066] The transparent conductive film of the present
invention is a new transparent conductive film which is
extremely flat in film surface and amorphous, has the high
transmittance of light in the visible region of short wave-
lengths, particularly at about 380-400 nm, and is hard to
break with respect to bending. Hence, it is peculiarly suit-
able for the resin plate and the resin film.

[0067] The transparent conductive base material com-
prises the transparent conductive film of the present inven-
tion formed on one or each surface of a transparent substrate
of one selected from among materials, such as a glass plate,
a quartz plate, a resin plate, and a resin film, by using the
sintered body target for thin film fabrication of the present
invention.

[0068] When the display device needs a gas barrier prop-
erty, it is desirable that, in order to impart a gas barrier
function to the transparent conductive base plate, at least one
layer of the gas barrier film containing at least one selected
from among compounds, such as silicon nitride, silicon
oxide-nitride, and silicon oxide, is formed on one or each
surface of a transparent substrate of one selected from the
resin plate and the resin film, between the transparent
substrate and the transparent conductive film.

[0069] The gas barrier film may contain not only an
inorganic film, but also an organic film.

[0070] The transparent conductive film of the present
invention has the advantage of exhibiting the high transmit-
ting of light in the visible region, notably in the visible
region of short wavelengths, and thus if this advantage can
be utilized, some application other than that to the transpar-
ent electrode is possible. For example, it is possible to apply
the transparent conductive film to an antistatic film that may
have high electrical resistance, a protection film for optical
recording media that may be used as an insulation film, or
a simple optical thin film.

[0071] The transparent conductive base material of the
present invention can be used to construct the display
device. The transparent conductive film of the present inven-
tion is an amorphous oxide film composed of Ga, In, and O,
in which a Ga content ranges from 35 at. % to 45 at. % with
respect to all metallic atoms, the resistivity ranges 1.2x107>
Q-cm to 8.0x1072 ©-cm, the film thickness is 500 nm or less,
and the transmittance of light at a wavelength of 380 nm is
50% or more. The transparent conductive film has a low
resistivity and a high transmittance of light in the visible
region of short wavelengths which formerly have never been
obtained, and combines dominant features that breakage is
hard to occur which is inherent in the amorphous film, the
arithmetic mean height Ra is low, and a film surface is
smooth. From this, the transparent conductive base material
using the transparent conductive film can be used for ver-
satile display devices, such as an organic or inorganic El
element, an electronic paper, and a touch panel.
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[0072] For example, in order to satisfy demands for the
amorphous transparent conductive film which is extremely
flat in film surface and for the high transmittance of light in
the visible region, notably in the short-wavelength region at
about 380-400 nm, in the application of the organic EL.
element, and the need for the transparent conductive film
which is hard to break with respect to bending in the
application of the electronic paper characterized by flexibil-
ity, it is effective to provide the transparent conductive film
of the present invention which is extremely flat in film
surface and amorphous, has the high transmittance of light
in the visible region of short wavelengths, particularly at
about 380-400 nm, and is hard to break with respect to
bending.

[0073] The embodiments of the present invention will be
described below, together with the comparative examples.

[0074] The resistivity of each of fabricated films is mea-
sured by a 4-pin prove technology, using LORESTA-IP,
MCP-T250 by Mitsubishi Chemical Corporation. The trans-
mittance of light at a wavelength of 380 nm is measured by
using a spectrophotometer (U-4000 by Hitachi, Ltd.). The
arithmetic mean height Ra is measured by an atomic force
microscope (Nanoscope III by Digital Instruments Co.,
Ltd.). The crystal structure of each fabricated film is iden-
tified from the X-ray diffraction (using a CuK « line, by
Rigaku Denki Kogyo Co., Ltd.). The sintered body target
and the film composition are studied by an ICP optical
emission spectral analysis technique (using SPS4000 by
Seiko Instruments Inc.). The density of the sintered body is
measured by the Archimedes technique (using a high pre-
cision automatic densimeter by Toyo Seiki Seisaku-sho,
Ltd.).

EMBODIMENTS 1-3

[0075] Ga,O, powder and In,O; powder, each having a
purity of 4N, are ground by a ball mill and are adjusted so
that an average grain diameter is 3 pum or less. After that, the
powder is blended so that the Ga content expressed by
Ga/(Ga+In) is 40 at. % and is mixed with an organic binder,
a dispersant, and a plasticizer by the ball mill for 48 hours
to prepare a slurry. The slurry thus obtained is sprayed and
dried by a spray dryer into granulation powder.

[0076] Next, the granulation powder obtained is admitted
to a rubber mold and a molded body with a diameter of 191
mm and a thickness of nearly 6 mm is fabricated by a
hydrostatic press. Molded bodies likewise obtained are
sintered under atmospheric pressure for 20 hours at 1250°
C., 1350° C., and 1400° C., respectively, in a current stream
of oxygen. Machining and grinding operations are per-
formed with respect to the periphery and surface of each of
sintered bodies, which is shaped to have a diameter of about
6 inch and a thickness of about 5 mm.

[0077] In these sintered bodies, the Ga content, the den-
sity, the resistivity, and the In,O; phase (400)/f-GalnO;
phase (111) peak intensity ratio obtained by the X-ray
diffraction are shown in FIG. 1. FIG. 2 shows the X-ray
diffraction pattern of a sintered body obtained at a sintering
temperature of 1400° C. For the peak of the f-GalnO; phase,
only the face index is shown.

[0078] Next, each sintered body is bonded to a cooled
copper plate and is used as the sintered body target for thin
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film fabrication. As a sputtering device, SPF-530H by
ANELVA Corporation is used. The substrate uses 7059
substrate by Corning Inc. and is placed parallel with a target
surface. A distance between the substrate and the target is set
to 60 mm. A sputtering gas uses a gas mixture including Ar
and O, so that the proportion of oxygen is set to 1.5% and
the total gas pressure to 0.5 Pa. The making DC power is set
to 200 W. On the above conditions, room temperature
deposition is carried out by DC magnetron sputtering. The
electric discharge is stable and abnormality, such as occur-
rence of an arc discharge, is not recognized. The deposition
time is controlled and the transparent conductive film with
a thickness of 200 nm is obtained.

[0079] FIG. 3 shows an X-ray diffraction diagram of a thin
film deposited by using a target sintered at 1400° C. As seen
from this figure, there is no definite peak, and it is confirmed
that the film is amorphous. A film deposited with a target at
a different sintering temperature is also amorphous.

[0080] Inthe film deposited with each target, the measured
results of the transmittance of light at a wavelength of 380
nm, the resistivity, and the arithmetic mean height Ra are
shown in FIG. 1. By an ICP analysis, it is confirmed that the
film composition and the target composition are nearly
equivalent.

EMBODIMENTS 4 and 5

[0081] The deposition time is controlled so that film
thicknesses are 100 nm and 500 nm, and deposition is
carried out in the same way as Embodiment 3. The measured
results of the transmittance of light at a wavelength of 380
nm, the resistivity, and the arithmetic mean height Ra of
each film are shown in FIG. 1. By the ICP analysis, it is
confirmed that the film composition and the target compo-
sition are nearly equivalent.

EMBODIMENTS 6-11

[0082] The Ga content expressed by Ga/(Ga+ln) is
changed to 35 and 45 at. % and targets are fabricated on the
same conditions as Embodiment 3. The time is controlled so
that film thicknesses are 100, 200, and 500 nm, and depo-
sition is performed in the same way as Embodiment 3. The
measured results of the transmittance of light at a wave-
length of 380 nm, the resistivity, and the arithmetic mean
height Ra of each film are shown in FIG. 1. By the ICP
analysis, it is confirmed that the film composition and the
target composition are nearly equivalent.

EMBODIMENTS 12-15

[0083] A substrate comprising silicon oxide-nitride
formed on one surface only or each surface of a PET film
with a thickness of 50 um is provided. The room temperature
deposition is performed on the silicon oxide-nitride substrate
on the same deposition conditions as Embodiment 3 to
fabricate the transparent conductive base material.

[0084] InFIG. 4, the measured results of the transmittance
of light at a wavelength of 380 nm, the resistivity, and the
arithmetic mean height Ra of each base material are shown.

EMBODIMENT 16

[0085] A PET film with a thickness of 188 pm has a hard
coat layer on its one surface, and the room temperature
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deposition is carried out under the same conditions as
Embodiment 3 on a surface opposite to the hard coat layer
so that a surface resistivity is 400Q/00. In this way, the
transparent conductive base material is fabricated.

[0086] Subsequently, a GalnO film is deposited on a
transparent glass substrate at room temperature so that the
surface resistivity is 400€2/1. In this way, the transparent
conductive base material is fabricated.

[0087] These two kinds of transparent conductive base
materials are combined with a display to fabricate a resis-
tance touch panel.

[0088] On investigation as to visibility, it is confirmed that
the visibility of purple-blue color tone is favorable compared
with that where the ITO is used in the transparent conductive
film.

COMPARATIVE EXAMPLES 1-6

[0089] The Ga content expressed by Ga/(Ga+ln) is
changed to 30 and 50 at. % and sintered body targets are
fabricated on the same conditions as Embodiment 3. In these
sintered bodies, the Ga content, the density, the resistivity,
and the In,O; phase (400)/3-GalnO; phase (111) peak inten-
sity ratio obtained by the X-ray diffraction are shown in FIG.
1. Using these targets, the room temperature deposition is
performed on the same deposition conditions as Embodi-
ment 3. In this case, the deposition time is controlled so that
film thicknesses are 100 nm, 200 nm, and 500 nm.

[0090] The transmittance of light at a wavelength of 380
nm, the resistivity, the arithmetic mean height Ra, and the
crystal structure identified from the X-ray diffraction are
further shown in FIG. 1.

COMPARATIVE EXAMPLES 7-10

[0091] The sintered body targets that are the same as in
Embodiment 3 are fabricated by changing the sintering
temperatures to 1100° C. and 1200° C. The density and the
resistivity of each sintered body are shown in FIG. 1. On a
structural analysis with the X-ray diffraction, the §-GalnO;
phase is little produced at a sintering temperature of 1100°
C. and only the (Ga, In),0O; phase and the In,O; phase are
produced. Therefore, the In,O; phase (400)/3-GalnO, phase
(111) peak intensity ratio cannot be found. Also, it is obvious
that the In,O; phase (400) peak intensity is higher than in
Embodiments 1-3 and a large number of In,O; phases are
produced. Only the In,O; phase (400)/p-GalnO; phase (111)
peak intensity ratio at 1200° C. is further shown in FIG. 1.

[0092] Using these sintered body targets, the time is
controlled so that film thicknesses are 200 nm and 500 nm,
and the room temperature deposition is performed. In depo-
sition with a target at a sintering temperature of 1100° C., the
arc discharge is often generated during deposition. Even
when a target at a sintering temperature of 1200° C. is used,
the arc discharge, although not so often as the case of 1100°
C., is considerably generated. Specifically, in targets sintered
at 1100° C. and 1200° C., their densities are below 5.8 g/cm?
and thus arcing is often generated during sputter deposition.
This causes the problems that the film is damaged and the
fluctuation of the deposition rate is heavy. As such, stable
deposition cannot be achieved. As a result of the structural
analysis with the X-ray diffraction, any film obtained is
amorphous. In each film, the transmittance of light at a
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wavelength of 380 nm, the resistivity, the arithmetic mean
height Ra, and the crystal structure identified from the X-ray
diffraction are shown in FIG. 1.

COMPARATIVE EXAMPLE 11

[0093] The room temperature deposition of the ITO (10
wt. % SnQO,) is carried out on the same deposition condition
as in Embodiment 1. In this case, the deposition time is
controlled so that the film thickness is 200 nm. In FI1G. 1, the
resistivity, the transmittance of light at a wavelength of 380
nm, the arithmetic mean height Ra, and the crystal structure
identified from the X-ray diffraction are shown.

[0094]

[0095] From the results of Embodiments 1-11 in FIG. 1,
the features of the transparent conductive film of the present
invention which is composed of Ga, In, and O and in which
the Ga content expressed by Ga/(Ga+In) ranges from 35 at.
% to 45 at. % are seen. Specifically, the film is an amorphous
film in which the arithmetic mean height Ra is less than 2.0
nm and the surface is extremely flat; has the transmittance of
light which is more than 50% for thicknesses less than 500
nm, more than 55% for thicknesses less than 300 nm, and
more than 65% for thicknesses less than 100 nm at a
wavelength of 380 nm; and possesses the resistivity less than
8.0x10™> Q-cm which is necessary and sufficient for the
display device.

[0096] Similarly, from the results of Embodiments 1-11,
the features of the sintered body target for thin film fabri-
cation of the present invention which is composed of Ga, In,
and O and in which the Ga content expressed by Ga/(Ga+In)
ranges from 35 at. % to 45 at. % are seen. Specifically, the
X-ray diffraction peak intensity ratio defined by the formula
described below ranges from 50% to 110%, the density is
more than 5.8 g/cm?, and the resistivity is less than 4.0x1072
Q-cm, so that the target has properties necessary and suffi-
cient to obtain the transparent conductive film.

“Evaluation”

In,O; phase (400)/B-GalnO; phase (111)x100[%]

[0097] From Comparative examples 1-6, it is seen that,
outside the composition limit of the transparent conductive
film and the sintered body target in which the Ga content
expressed by Ga/(Ga+In) ranges from 35 at. % to 45 at. %,
original features are not exhibited. Specifically, when the Ga
content is 30 at. %, the X-ray diffraction peak intensity ratio
expressed by the above formula exceeds 110%. In this case,
the transmittance of light at a wavelength of 380 nm is below
45% for 500 nm in film thickness, below 60% for 200 nm
in film thickness, and below 65% for 100 nm in film
thickness. When the Ga content is 50 at. %, the X-ray
diffraction peak intensity ratio is less than 50%. Whereby,
although the transmittance of light at a wavelength of 380
nm is fairly high, the resistivity becomes higher than 8.0x
107 Q-cm.

[0098] From Comparative examples 7-10, it is seen that
when the sintering temperature is below 1200° C., the X-ray
diffraction peak intensity ratio is beyond 110%. It is further
seen that when such targets are used to carry out deposition,
the transmittance of light at a wavelength of 380 nm is below
50% for 500 nm in film thickness and below 50% for 200 nm
in film thickness.

[0099] From Comparative example 11, it is seen that in the
ITO film known by exhibiting a low resistivity, the trans-
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mittance of light at a wavelength of 380 nm is less than 50%
for 200 nm in thickness, which is inferior to that of the
transparent conductive film of the present invention.

[0100] Ttis confirmed that, as seen from FIG. 4, even when
deposition is performed on the resin film as in Embodiments
12-15, the transparent conductive film of the present inven-
tion, like Embodiments 1-11, exhibits the original features
and is useful for the transparent conductive base material.

[0101] Tt is confirmed that, from Embodiment 16, in the
case where the transparent conductive base material of the
present invention is used, the display device that is excellent
in visibility can be fabricated in contrast with the case where
the transparent conductive base material of the conventional
ITO film is used.

INDUSTRIAL APPLICABILITY

[0102] The transparent conductive film according to the
present invention is formed as an amorphous oxide film
composed of Ga, In, and O, in which the Ga content ranges
from 35 at. % to 45 at. % with respect to all metallic atoms,
the resistivity ranges 1.2x107> Q-cm to 8.0x10~> Q-cm, the
film thickness is 500 nm or less, and the transmittance of
light at a wavelength of 380 nm is 50% or more. The
transparent conductive film has a low resistivity and a high
transmittance of light in the visible region of short wave-
lengths which formerly have never been obtained, and
combines dominant features that breakage is hard to occur
which is inherent in the amorphous film, the arithmetic mean
height is low, and a film surface is smooth. Hence, the
transparent conductive film and the display device using
such transparent conductive films are useful as versatile
display devices.

1. A transparent conductive film formed as an amorphous
oxide film composed of Ga, In, and O, wherein a Ga content
ranges from 35 at. % to 45 at. % with respect to all metallic
atoms thereof, film resistivity ranges from 1.2x107> Q -cm to

8.0x107% Q-cm, film thickness is 500 nm or less, and the
film has a transmittance of light at a wavelength of 380 nm
that is 45% or more.

2. A transparent conductive film according to claim 1,
wherein the film thickness is 200 nm or less and the
transmittance of light at a wavelength of 380 nm is 60% or
more.

3. A transparent conductive film according to claim 1,
wherein the film thickness is 100 nm or less and the
transmittance of light at a wavelength of 380 nm is 65% or
more.

4. A transparent conductive film according to claim 1,
wherein an arithmetic mean height Ra of the film is 2.0 nm
or less.

5. A sintered body target for transparent conductive film
fabrication, the target being composed of Ga, In, and O;
ranging in Ga content from 35 at. % to 45 at. % with respect
to all metallic atoms; being chiefly constructed from a
GalnO, phase of a P-Ga,0s-type structure and an In,0,
phase of a bixbyite-type structure; showing an X-ray dif-
fraction peak intensity ratio defined by the following for-
mula which ranges from 50% to 110%; and having a density
of 5.8 g/em® or more:

In,O; phase (400)/B-GalnO; phase (111)x100[%].
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6. A sintered body target for transparent conductive film
fabrication according to claim 5, wherein a resistivity is

4.0x10” Q-cm or less.

7. A transparent conductive base material comprising a
transparent conductive film according to formed on one or
each surface of a transparent substrate of one selected from
among materials, such as a glass plate, a quartz plate, and a
resin film, by using a sintered body target for transparent
conductive film fabrication

wherein the transparent conductive film is formed as an
amorphous oxide film composed of Ga. In, and O
wherein a Ga content ranges from 35 at. % to 45 at. %
with respect to all metallic atoms thereof, a film resis-
tivity ranges from 1.2x107> Q-cm to 8.0x107> Q-cm, a
film thickness is 500 nm or less, and the film has a
transmittance of light at a wavelength of 380 nm that is
45% or more, and

wherein the target is composed of Ga, In, and O; ranging
in Ga content from 35 at. % to 45 at. % with respect to
all metallic atoms: being chiefly constructed from a
GalnO, phase of a §-Ga,0;-type structure and an In, 0,
phase of a bixbyite-type structure; showing an X-ray
diffraction peak intensity ratio defined by the following
formula which ranges from 50% to 110%; and having
a density of 5.8 g/cm® or more:

In,O; phase (400)/B-GalnO; phase (111)x100[%].

8. A transparent conductive base material comprising a
gas barrier film of at least one selected from among com-
pounds such as silicon nitride, silicon oxide-nitride, and
silicon oxide, and a transparent conductive film obtained by
using the sintered body target for transparent conductive
film fabrication successively formed on one or each surface
of a transparent substrate of one selected from a resin plate
and a resin film,

wherein the transparent conductive film is formed as an
amorphous oxide film composed of Ga, In, and O,
wherein a Ga content ranges from 35 at. % to 45 at. %
with respect to all metallic atoms thereof, a film resis-
tivity ranges from 1.2x107> Q-cm to 8.0x107> Q-cm, a
film thickness is 500 nm or less, and the film has a
transmittance of light at a wavelength of 380 nm that is
45% or more, and

wherein the target is composed of Ga, In, and O; ranging
in Ga content from 35 at. % to 45 at. % with respect to
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all metallic atoms; being chiefly constructed from a
GalnO, phase of a §-Ga,0;-type structure and an In,0;
phase of a bixbyite-type structure; showing an X-ray
diffraction peak intensity ratio defined by the following
formula which ranges from 50% to 110%: and having
a density of 5.8 g/cm® or more:

In, O, phase (400)B-GalnO; phase (111)x100[%].

9. A display device using a transparent conductive base
material including a transparent conductive film formed on
one or each surface of a transparent substrate of one selected
from among materials, such as a glass plate, a quartz plate,
and a resin film, by using a sintered body target for trans-
parent conductive film fabrication

wherein the transparent conductive film is formed as an
amorphous oxide film composed of Ga, In, and O,
wherein a Ga content ranges from 35 at. % to 45 at. %
with respect to all metallic atoms thereof, a film resis-

tivity ranges from 1.2x107> Q-cm to 8.0x107> Q-cm, a
film thickness is 500 nm or less, and the film has a
transmittance of light at a wavelength of 380 nm that is
45% or more, and

wherein the target is composed of Ga. In, and O: ranging
in Ga content from 35 at. % to 45 at. % with respect to
all metallic atoms: being chiefly constructed from a
GalnO, phase of a §-Ga,0;-type structure and an In, 0,
phase of a bixbyite-type structure: showing an X-ray
diffraction peak intensity ratio defined by the following
formula which ranges from 50% to 110%: and having
a density of 5.8 g/cm® or more:

In,O; phase (400)/B-GalnO; phase (111)x100[%].

10. A transparent conductive base material according to
claim 7 wherein a resistivity is 4.0x107> Q-cm or less.

11. A transparent conductive base material according to
claim 7 wherein an arithmetic mean height Ra is 2.0 nm or
less.

12. A transparent conductive base material according to
claim 8 wherein a resistivity is 4.0x107> Q-cm or less.

13. A transparent conductive base material according to
claim 8 wherein an arithmetic mean height Ra is 2.0 nm or
less.



