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(57) ABSTRACT

The target for the transparent conductive thin film having
indium oxide as its major component and containing tung-
sten and/or molybdenum, obtained by forming a body of
indium oxide powder, and tungsten oxide power and/or
molybdenum oxide powder and then heating or sintering the
formed body such that the thin film after sputtering has
indium oxide as the main component and contains tungsten
and/or molybdenum with an atomic ratio (W+Mo)/In of
0.0040 to 0.0470, whereby a transparent conductive thin
film having excellent surface smoothness and low specific
resistance of 6.0x10™* Q-cm or less, and whose surface
smoothness and specific resistance properties do not change
even when heated at 170° C. is provided.
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TARGET FOR TRANSPARENT CONDUCTIVE
THIN FILM, TRANSPARENT CONDUCTIVE THIN
FILM AND MANUFACTURING METHOD
THEREOF, ELECTRODE MATERIAL FOR
DISPLAY, ORGANIC ELECTROLUMINESCENCE
ELEMENT AND SOLAR CELL

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] This invention relates to a transparent conductive
thin film that is used as a liquid-crystal display (LCD)
element, organic electroluminescence (EL) element or solar
cell display.

[0003] 2. Description of the Related Art

[0004] Transparent conductive thin film has a high level of
conductivity (for example, specific resistance of 1x107>
Q-cm or less) and a high transmission factor in the visible
light range, so in addition to being used in the terminals of
solar batteries, liquid-crystal display elements and other
light-receiving elements, it is also used as; heat-reflective
film for the window glass of automobiles and buildings;
anti-static film; and as the transparent anti-fog heating
clement in refrigerated showcases.

[0005] Tin oxide (SnO,) film doped with antimony or
fluorine, zinc oxide (ZnO) film doped with aluminum or
gallium, or indium oxide (In,O;) doped with tin have been
widely used for transparent conductive thin film. Particu-
larly, iridium oxide doped with tin, or in other words,
In,O;—Sn type film, called ITO (Indium tin oxide), is often
used because it can be easily made into a film having low
resistance.

[0006] A sputtering method is often used as the method for
manufacturing these transparent conductive thin films. The
sputtering method is an effective method when using a
material with low vapor pressure to form a film on an object
hereafter called the “substrate”), or when the thickness of the
film must be precisely controlled, and it is widely used
because operation is very simple.

[0007] The sputtering method is usually performed under
conditions of argon gas at a pressure of 10 Pa or less and
using the substrate as the anode and target as the cathode,
between which a glow discharge occurs to generate argon
plasma such that the positive argon ions in the plasma
collide with the cathode target and break off the particles of
The target and to deposit those particles on the substrate to
form a film.

[0008] The sputtering method is classified by the method
used to generate argon plasma, so a method that uses
high-frequency plasma is called a high-frequency sputtering
method, and a method that uses direct-current plasma is
called a direct-current sputtering method Also, a method in
which a magnet is placed behind the target to form a film by
concentrating the argon plasma directly onto the target to
improve the collision rate of the argon ions even under low
gas pressure is called a magnetron sputter method. Nor-
mally, a direct-current magnetron sputter method is used as
the method for manufacturing transparent conductive thin
film.

[0009] A smooth transparent conductive film is necessary
for the surface of the electrodes of an LCD or organic EL
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display Particularly, in the case of the electrodes for an
organic EL display, an ultra-thin film made from organic
compounds is formed on top, so a very smooth surface is
necessary. Generally, surface smoothness is largely influ-
enced by the crystallinity of the film. Even for film with the
same composition, an amorphous film with no grain bound-
aries has very good surface smoothness.

[0010] 1In the case of the prior ITO structure, an amor-
phous ITO film that is formed by lowering the substrate
temperature and performing sputtering at low temperature
(150° C. or lower) and high pressure (1 Pa or greater) has
excellent surface smoothness. However, the specific resis-
tance of an amorphous ITO film is limited to 6x10™* Q-cm,
and in order to form an electrode film having low surface
resistance, the film itself must be made to be thick. When the
film thickness of the ITO film is tick, a problem of film
coloration occurs.

[0011] Also, in the case of an ITO film that is formed at
room temperature without heating The substrate, when the
sputter gas pressure is low, the kinetic energy of the sputter
particles input to the substrate is high, so a localized
temperature rise occurs, and a film is formed having a
minute crystal phase and amorphous phase. In addition to
X-ray diffraction, the existence of a minute crystal phase can
be confirmed by using a transmission electron microscope or
by electron beam diffraction. When this kind of minute
crystal phase is formed in part of the film, the surface
smoothness of the film is greatly affected. Moreover, when
using a weak acid to perform etching removal to form the
prescribed shape of the film, there is a problem in that it is
not possible to remove just the crystal phase and some may
remain.

[0012] Besides the problem with specific resistance, amor-
phous ITO film has a problem with stability. When an
amorphous ITO film is used for the electrodes of an LCD or
organic EL display, crystallization of the electrode film
occurs when heating is performed at 150° C. or greater by
thermal hysteresis during the manufacturing process after
the electrode has been formed. This is because the amor-
phous phase is a metastable phase. When crystallization
occurs, crystal grains are formed, and there is a problem in
that the surface smoothness becomes poor and specific
resistance varies greatly.

[0013] Next, the organic electroluminescence element will
be explained. An electroluminescence element (hereafter
abbreviated as EL element) employs electroluminescence,
and since it is self emitting and so high in visibility and since
it is a completely solid-state element, it is very impact
resistant, therefore its use has gain much attention as a
light-emitting element for all kinds of display devices. There
are inorganic EL elements that use inorganic compounds as
the light-emitting material, and there are organic EL ele-
ments that use organic compounds which includes polymer-
type organic compounds. Of these, it is easy to make organic
EL elements that are small in size and have a greatly lowered
drive voltage, so research for application in next-generation
display elements is actively being pursued. Organic EL
elements are basically constructed with an anode, light-
emitting layer and cathode, and are normally used for
forming a transparent anode on a glass substrate or the like.
In this case, light emission is performed on the substrate
side.
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[0014] Recently, for the reasons explained below, attempts
have been made to make the anode transparent and to
perform light emission from the anode side. First, by making
the cathode transparent along with the anode, a totally
transparent light-emitting element is possible. Any arbitrary
color can be used as the background color of the transparent
light-emitting element, which makes it possible to have a
colorful display even when light is not emitted and thus
improves appearance. Using black as the background color
improves contrast during light emission. Next, when using a
color filter or color transformation layer, it is possible to
place it on top of the light-emitting element. Therefore, it is
possible to manufacture the element without having to
consider these layers. One advantage of this, for example, is
that it is possible to raise the temperature of the substrate
when forming the anode, and this makes it possible to lower
the resistance of the anode.

[0015] Also, the advantage described above can also be
obtained by making the cathode transparent, so attempts are
being made to manufacture organic EL elements that use
transparent cathodes. For example, the organic EL element
disclosed in Japanese patent publication Tokukai Hei
10-162959 comprises an organic layer that includes an
organic light-emitting layer located between an anode and
cathode, and the cathode has a metal layer that is injected
with electrons and an amorphous transparent conductive
layer such that the electron-injection metal layer comes in
contact with the organic layer. Also, in Japanese patent
publication Tokukai 2001-43980, an organic EL element is
disclosed in which the cathode is made to be transparent and
a light-reflecting metal film is used for the anode, and light
is effectively obtained from the cathode.

[0016] Next, the electron-injection metal layer will be
explained. The electron-injection metal layer is a metal layer
in which electrons can be injected in an organic layer that
includes the light-emitting layer, and in order to obtain a
transparent light-emitting element, it is preferable that the
light transmittance be 50% or greater, and therefore it is
preferable that the film thickness be ultra thin or about 0.5
to 20 nm. A metal (electron-injection metal) such as Mg, Ca,
Ba, Sr, Li, Yb, Eu, Y or Sc having a work function of 3.8 ¢V
or less and a thickness of 1 nm to 20 nm can be used as the
electron-injection metal layer. In this case, it is preferred that
the light transmittance be 50% or greater, and more prefer-
ably 60% or greater.

[0017] The organic layer between the anode and cathode
includes at least a light-emitting layer. The organic layer can
also be just a light-emitting layer, or together with the
light-emitting layer it is possible to have multi-layer con-
struction with layers such as an electron-hole transport layer.
In the organic EL element, the organic layer can (1) have the
function of injecting electron holes by the anode or electron-
hole transport layer when an electric field is applied and the
function of injecting electrons by an electron-injection layer;
(2) have a transport function that moves the injected electric
charge (electron and electron hole) by the force of the
electric field; (3) provide a place inside the light-emitting
layer for recombining the electrons and electron holes, and
have a light-emitting function. The electron-hole injected
transport layer is a layer made from an electron-hole transfer
compound and has the function of transferring electron-
holes that were injected by the anode to the light-emitting
layer, and by placing this electron-hole injected transport
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layer between the anode and light-emitting layer, many
electron holes can be injected into the light-emitting layer
with a weaker electric field. In addition, the electrons that are
injected into the light-emitting layer by the electron-injec-
tion layer are obstructed by an electron barrier that exists at
the boundary between the light-emitting layer and the elec-
tron-hole transport layer and accumulate near the boundary
in the light-emitting layer and improve the light-emitting
efficiency of the EL element to make for an EL element with
excellent light-emitting capability.

[0018] The anode is not particularly limited as long as the
work function indicates conductivity of 4.4 €V or greater,
more preferably 4.8 eV or greater. A metal, transparent
conductive film (conductive oxide film) or a combination of
these having a work function of 4.8 eV or greater is
preferred. The anode does not necessarily have to be trans-
parent, and can be coated with a black carbon layer or the
like. Suitable metals include, for example, Au, Pt, Ni and Pd,
and the conductive oxide can be, In—Zn—O0, In—Sn—O0,
Zn0O—Al or Zn—Sn—0O0. Also, combinations could include
laminated layers of Au and In—Zn—O, Pt arid [n—Zn—O0,
or In—Sn—O and Pt. Moreover, since the anode is suitable
as long as the boundary with the organic layer has a work
function of 4.4 eV or greater, the anode can be two layered,
and a conductive layer having a work function of 4.4 eV or
less can be used on the side that does not come in contact
with the organic layer. In this case, a metal such as Al, Ta or
W, or an alloy such as Al alloy or Ta—W alloy can be used.
Also, it is possible to use a conductive polymer such as
doped polyaniline or doped polyphenylenevinylene, or an
amorphous semiconductor such as a-Si, a-SiC, or a-C,
furthermore, a black semiconductive oxide such as Cr,0O5,
Pr,O;, NiO, Mn,O5 or MnO, etc.

[0019] Ttis preferable that the transparent conductive layer
of the cathode in the organic EL element be an amorphous
transparent conductive layer with low film stress and good
smoothness. Also, in order to eliminate voltage drops and
the unevenness in light emission that is caused by it, it is
preferred that the specific resistance be 6x10™" Q-cm or less.

[0020] Indium oxide film containing tungsten and/or
molybdenum is well known. For example, Japanese patent
publication Tokuko Sho 50-19125 discloses a technique of
manufacturing an indium oxide film containing tungsten or
molybdenum on a glass substrate heated to 350° C. by the
electron-beam evaporation method. However, the aim of the
indium oxide film containing tungsten or molybdenum of
this disclosure is an indium oxide film with low resistance,
and not that of improving the surface smoothness of the film
or raising the crystallization temperature In this disclosure,
nothing is mentioned about making an amorphous film or
improving the surface smoothness of the film and it is not
stated that the crystallization temperature of the film is
raised by adding tungsten and/or molybdenum.

[0021] An amorphous film is not obtained by simply
adding tungsten and/or molybdenum as in the case of the
indium oxide film containing tungsten and/or molybdenum
described in the disclosure mentioned above, and it is not
possible to obtain an amorphous indium oxide film contain-
ing tungsten and/or molybdenum when the film is formed at
350° C. as described above. It is not possible to obtain an
amorphous film by simply adding tungsten in this way, and
neither is it possible to obtain a film with excellent surface
smoothness as well as low resistance and high trasmissivity.
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[0022] Obtaining a transparent conductive film with excel-
lent surface smoothness and that is stable even in the thermal
hysteresis of the manufacturing process was impossible
using conventional ITO material, and thus it was difficult to
use the film in the transparent electrodes of display elements
such as an organic EL display or LCD.

SUMMARY OF THE INVENTION

[0023] An objective of this invention is to provide a
transparent conductive thin film that is characterized by a
low specific resistance of 6.0x10™* ©Q-cm or less, and whose
surface smoothness and specific resistance properties do not
change by adding 170° C. heat in the annealing process.

[0024] Moreover, another objective of this invention is to
provide a high-quality organic EL element that has brighter
light emission and whose emission intensity has a longer
half-life period, and in which it is more difficult for dark
spots (non-emitting arcas) to occur than an organic EL
element that uses a conventional transparent conductive thin
film.

[0025] Another objective of this invention is to provide a
transparent conductive thin film which has indium oxide as
its major component and contains tungsten and/or molyb-
denum with an atomic ratio (W+Mo)/In of 0.0040 to 0.0470,
and it is formed with only an amorphous phase and in which
excellent surface smoothness and low specific resistance of
6.0x10™* Q-cm or less do not change even when heated at
170° C.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a diagram showing X-ray diffraction
pattern of the transparent conductive thin film manufactured
according to Example 2.

[0027] FIG. 2 is a transmission electron microscope pho-
tograph of the transparent conductive thin film manufactured
according to Example 2.

[0028] FIG. 3 is an electron beam diffraction diagram of
the transparent conductive thin film manufactured according
to Example 2.

[0029] FIG. 4 is a diagram showing X-ray diffraction
pattern of the transparent conductive thin film manufactured
according to Comparative Example 10.

[0030] FIG. 5 is a diagram showing X-ray diffraction
pattern of the transparent conductive thin film manufactured
according to Example 8.

[0031] FIG. 6 is a transmission electron microscope pho-
tograph of the transparent conductive thin film manufactured
according to Example 8.

[0032] FIG. 7 is an electron beam diffraction diagram of
the transparent conductive thin film manufactured according
To Example 8.

[0033] FIG. 8 is a cross sectional view showing a basic
structure of organic EL element of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] It is preferred that the thin film of the transparent
conductive thin film of his invention be amorphous. How-
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ever, in the manufacturing process of the thin film, it is
possible that besides an amorphous thin film, the thin film
could contain a minute amount of microcrystals (about 10 to
300 nm in size). In this case as well, the same effect can be
obtained as long as the size or amount of the microcrystals
is such that the crystal phase cannot be detected by X-ray
diffraction. In this disclosure, the film, including the latter,
will be evaluated as being amorphous.

[0035] This kind of thin film can be manufactured easily
using a sputtering method without heating the substrate and
by using a sintered target made of indium oxide containing
a suitable amount tungsten and/or molybdenum.

[0036] Also, by using the low resistant, smooth and ther-
mally stable transparent conductive thin film of this inven-
tion in a cathode and/or anode, the adhesion with the cathode
and/or organic layer is improved, so it is possible to suppress
the occurrence of dark spots, and since the resistance is low,
it is also possible to eliminate voltage drops and unevenness
in light emission caused by them, and thus a high-quality
organic EL element can be obtained.

[0037] The target for the transparent conductive thin film
of this invention, made from indium oxide containing tung-
sten and/or molybdenumn is obtained by preparing or form-
ing indium oxide powder, and tungsten oxide power and/or
molybdenum oxide powder and then heating or sintering the
formation such that the thin film after sputtering has indium
oxide as the main component and contains tungsten and/or
molybdenum with an atomic ratio (W+Mo)/In of 0.0040 to
0.0470.

[0038] It is possible for the target of the present invention
to include elements other than In, W, Mo, O e.g. in order to
improve the sintering property of the target sintered body so
long as the characteristics of the transparent conductive
coating of the present invention are not deteriorated.

[0039] The manufacturing method of the transparent con-
ductive thin film of this invention is a method of manufac-
turing the transparent conductive thin film on the substrate
by a sputtering method where the substrate is kept at 120° C.
or lower.

[0040] The transparent conductive thin film of this inven-
tion has indium oxide as the main component and contains
tungsten and/or molybdenum with an atomic ratio (W+Mo)/
In of 0.0040 to 0.0470, and is constructed from the non-
crystalline phase.

[0041] Moreover, the non-crystalline phase is amorphous.

[0042] Furthermore, the specific resistance is 6.0x107*
Q-cm or less.

[0043] The crystallization temperature by sintering is 180
to 290° C.

[0044] Also, the center line average height roughness (Ra)
on the film surface is 2.0 nm or less.

[0045] The electrode material for a display of this inven-
tion is constructed from a transparent conductive thin film
and glass substrate, and indium oxide is the main component
and contains tungsten and/or molybdenum with an atomic
ratio (W+Mo)/In of 0.0040 to 0.0470, and it is constructed
from the non-crystalline phase, and the average visible light
transmittance is greater than 85%.
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[0046] Furthermore, the electrode material for a display of
this invention is constructed firm a resin substrate with a
coating of a silicon oxide, silicon oxynitride(SiON), dia-
mond-like-carbon(DLC), or magnesium aluminate as a
steam barrier formed on its surface, and the aforementioned
transparent conductive tin film.

[0047] The organic electroluminescence element of this
intention comprises an organic layer that is held between
both the anode and cathode, and in the organic electrolumi-
nescence element, which includes the organic layer that
emits light by recombining electron holes supplied from the
anode with electrons supplied from the cathode, at least part
of the anode and/or cathode is constructed using the afore-
mentioned transparent conductive thin film.

[0048] The organic electroluminescence element of this
invention includes polymertype one.

[0049] Also, the anode is constructed with a light-reflect-
ing thin film, and the cathode is constructed with the
aforementioned transparent conductive thin film, and light is
mainly emitted from the cathode side.

[0050] The cathode can also constructed with a laminated
transparent conductive thin film and metal thin film.

[0051] Moreover, an inorganic resin with an inorganic
coating thereon is used as the substrate and the element is
formed on it.

[0052] Furthermore, the inorganic coating is made of a
silicon oxide, silicon oxynitride(SiON), diamond-like-car-
bon(DLC), or magnesium aluminate.

[0053] Also, the resin film used can be made of polyether-
sulfone or polyethersulfone laminated with acrylic resin.

[0054] The transparent conductive thin film of this inven-
tion is constructed of indium oxide and tungsten and/or
molybdenum having an atomic ratio (W+Mo)/In of 0.0040
to 0.0470, and is constructed from the non-crystalline phase
The reason that the range of atomic ratio of the tungsten
and/or molybdenum in the film with respect to the indium is
specified is because the resistance of the thin film that is
obtained outside of that range increases.

[0055] 1t is possible for the transparent conductive thin
film of the present invention to include elements other than
In, W, Mo, O in order to improve the sintering property of
the target sintered body so long as the characteristics of the
transparent conductive coating of the present invention are
not deteriorated.

[0056] Furthermore, in order to obtain an amorphous film
with low resistance, not only is tungsten and/or molybde-
num added, but it is necessary to for the film under suitable
conditions, and particularly, it is essential that the substrate
temperature be kept at 120° C. or lower and that sputtering
be performed at a gas pressure of 0.3 Pa to 0.8 Pa.

[0057] From experiments performed by the inventors, it
was made clear that for a thin film comprising indium oxide
containing tungsten and/or molybdenum at an atomic ratio
(W+Mo)/In of 0.0040 to 0.0470 constructed from the non-
crystalline phase, not only is the surface smooth, but the
resistance is low at 6.0x10™* Q-cm or less, and these
properties do not change even when heated at 170° C., or
even from 180° C. to 290° C.
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[0058] These thin films can be used on a substrate that uses
a glass plate, resin plate, or resin film, or a resin plate or resin
film whose surface is treated with a silicon oxide film, a
silicon oxynitride film, magnesium aluminate film, or dia-
mond-like-carbon (DLC) film. The resin is, for example,
polyethylene, terephthalate (PET), polyethersulfone (PES),
polyarylate (PAR), polycarbonate (PC) or one of these
whose surface is covered with an acrylic organic material.

[0059] The transparent conductive thin film of this inven-
tion has a smooth surface and low resistance (6.0x10™" £2-cm
or less), so its application in display devices such as an LCD
or organic EL display can be very advantageous.

[0060] Improving the surface smoothness of the film and
the raised temperature of crystallization (180° C. to 290° C.)
was first accomplished by this invention.

EXAMPLES

Examples 1 to 16

[0061] Specified amounts of In,O5 powder. WO; powder
and/or MoO, powder were nixed to form mixtures such that
the atomic ratios (W+Mo)/In of the examples 1 to 16 shown
in Table 1 were obtained for the thin film after manufactur-
ing. The formed body was the heated or sintered to manu-
facture a sintered indium oxide containing tungsten body.
This sintered body was then processed such that it was 4
inches (diameter)x5 mm (thickness), then an indium alloy
was used to apply it to an oxygen-free copper back plate to
form the sputtering target.

[0062] This sputtering target was attached to the cathode
of non-magnetic target of a direct-current magnetron sput-
tering apparatus, and a 1.1 mm thick quartz glass substrate
was attached to the surface facing the target. The distance
between the target and the substrate was set to from 50 mm
to 70 mm. As soon as the vacuum level inside the chamber
reached 1x107* Pa or lower, 99.9999 wt. % pure Ar gas was
introduced into tie chamber until the gas pressure was 0.3 Pa
to 0.8 Pa, and oxygen was introduced by an amount of from
0.5% to 3% into the Ar gas. Direct-current electric power
from 100 W to 300 W was applied between the target and the
substrate to generate direct-current plasma and to perform
sputtering. A transparent conductive thin film with a film
thickness of approximately 200 nm was formed on the
substrate in this way. The substrate was not heated during
sputtering. The specific resistance of each of the films
depended on the gas pressure, amount of oxygen in the
sputter gas, and the amount of direct-current power. Results
of the films showing the lowest specific resistance values are
shown in Table 1.

[0063] In this way, various indium oxide thin films con-
taining tungsten and/or molybdenum were made using a
sputtering method from a sintered target of indium oxide
containing tungsten and/or molybdenum. The structure of
the transparent conductive thin films obtained were quanti-
tatively analyzed by ICP atomic emission spectrometry, and
the film was checked for crystallinity by X-ray diffraction
measurement using a CuK a beam, a transmission electron
microscope and electron beam diffraction. Also, the specific
resistance of each of the transparent conductive thin films
was measured by the four-probe method, and the light
transmittance including the substrate was measured using a
spectrophotometer.
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[0064] Moreover, the obtained transparent conductive thin
films were annealed at 170° C. for one hour in atmospheric
air. The changes in properties after annealing were investi-
gated using the same methods described above.

[0065] The average light transmittance on the visible light
wavelength range of the quartz substrates used in examples
1 to 7 of the invention was 92%. The measurement results
of the composition and specific resistance values of the film
before and after annealing are shown in Table 1.

TABLE 1
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using an inter atomic force microscope and then calculating
the average, and for all of the examples 1 to 16, the average
was from 0.5 nm to 2.0 nm. Also, the average visible light
transmittance, including the film substrate, was from 85% to
90%, which was good transmittance.

[0068] Generally, when forming the film, the substrate is
hcatcd naturally from the plasma. The substrate temperature
during film formation was monitored using thermocouples,

Film before Annealing

Film before Annealing

Atomic Atomic Specific Specific
Ratio W/In Ratio Mo/In Resistance Resistance
of Film of Film (- cm) Crystallinity (€ - cm) Crystallinity
Example
1 0.0040 0 4.6 x 10* Amorphous 4.8 x 10* Amorphous
2 0.0063 0 3.4 x 10* Amorphous 3.7 x 10* Amorphous
3 0.0075 0 4.3 x 10 Amorphous 4.8 x 10* Amorphous
4 0.0095 0 4.6 x 10* Amorphous 4.9 x 10* Amorphous
5 0.0230 0 4.8 x 10% Amorphous 5.1 x 10% Amorphous
6 0.0342 0 5.2 x 10% Amorphous 5.5 x 10% Amorphous
7 0.0470 0 5.7 x 10* Amorphous 6.0 x 10* Amorphous
8 0 0.0042 4.8 x 10* Amorphous 5.1 x 10* Amorphous
9 0 0.0067 3.5 x 10% Amorphous 3.9 x 10% Amorphous
10 0 0.0076 4.5 x 10% Amorphous 4.9 x 10% Amorphous
11 0 0.0091 4.7 x 10* Amorphous 5.2 x 10* Amorphous
12 0 0.0252 5.0 x 10* Amorphous 5.5 x 10* Amorphous
13 0 0.0365 5.3 x 10* Amorphous 5.7 x 10* Amorphous
14 0 0.0462 5.5 x 10* Amorphous 5.9 x 10* Amorphous
15 0.0032 0.0036 3.2 x 10 Amorphous 3.4 x 10* Amorphous
16 0.0045 0.0067 4.5 x 10* Amorphous 4.9 x 10* Amorphous
Comparative Example

1 0.0023 0 8.3 x 10*  Crystalline and 6.3 x 10* Crystalline

Amorphous
2 0.0571 0 8.3 x 10* Amorphous 8.9 x 10* Amorphous
3 0.0650 0 9.7 x 10 Amorphous 1.2 x 10* Amorphous
4 0 0.0025 7.6 x 10*  Crystalline and 5.1 x 10* Crystalline

Amorphous
5 0 0.0510 8.9 x 10* Amorphous 9.9 x 10* Amorphous
6 0 0.0730 1.6 x 10* Amorphous 2.2 x 10* Amorphous
7 0.0015 0.0012 6.6 x 10*  Crystalline and 5.9 x 10* Crystalline

Amorphous
8 0.0290 0.0210 7.2 x 10* Amorphous 7.8 x 10* Amorphous

[0066] As can be clearly seen from Table 1, the indium
oxide thin film of this invention, containing tungsten and/or
molybdenum at an atomic ratio (W+Mo)/In of 0.0040 to
0.0470, is a film constructed from just the amorphous phase
and does not include the crystal phase and has low resistance
of 6.0x10™* Q-cm or less. The XRD pattern of example 2 is
shown in FIG. 1, a transmission ¢lectron microscope pho-
tograph is shown in FIG. 2. and the electron beam diffrac-
tion diagram is shown in FIG. 3.

[0067] Also, crystallization did not occur for the films of
examples 1 to 16 and the properties did not change even
though annealing was performed at 170° C. X-ray diffrac-
tion measurement was performed while raising the tempera-
ture of the film at a rate of 5° C./min., to find the crystal-
lization temperature of the films, and it was found to be 180
to 260° C. for the films of examples 1 to 16. The center line
average height roughness (Ra) of a 1 umx1 um area was
found by taking measurements at 10 arbitrary locations

and by keeping the substrate temperature below 120° C., it
was found that it was possible to obtain thin film having the
properties of this invention.

Comparative Examples 1 to 18

[0069] As comparative examples, tin films were made
under the same conditions as examples 1 to 16 except that
the specified amounts of In,O; powder and WO, and/or
MoO_ powder were adjusted such that the amount of tung-
sten and/or molybdenum contained in the thin film after
manufacturing was outside the range for the atomic ratio
(W+Mo)/In of this invention. The films obtained were
evaluated using the same methods as for examples 1 to 16.
The results are shown in Table 1.

[0070] The fills in comparative examples 1 to 3 are indium
oxide films containing tungsten but no molybdenum, and for
the film in comparative example 1 has an atomic ratio W/In
of 0.0023, even though the substrate was formed without
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being heated, a minute crystal phase was contained in the
film, and the center line average height roughness (Ra) on
the surface of the film, which was measured as in the
examples, was 3.8 nm and very rough. After annealing at
170° C., the film was completely crystallized.

[0071] Also, in the case of the film of comparative
example 2 having an atomic ratio W/In of 0.0571, and the
film of comparative example 3 having an atomic ratio W/In
of 0.0650, the specific resistance was high and greater than
6.0x107* Q-cm.

[0072] In comparative examples 4 to 6, the films were
indium oxide film containing molybdenum but no tungsten,
and for the film in comparative example 4 having an atomic
ratio Mo/In of 0.0025, even though the substrate was formed
without heating, a minute crystal phase was contained in the
film, and the center line average height roughness (Ra) on
the surface of the film, which was measured as in the
examples, was 4.2 nm and very rough. After annealing at
170° C., the film was completely crystallized. Also, in the
case of the film of comparative example 5 having an atomic
ratio Mo/In of 0.0510, and the film of comparative example
6 having an atomic ratio Mo/In of 0.0730, the specific
resistance was high and greater than 6.0x10™* Q-cm.

[0073] In comparative examples 7 and 8, the films were
indium oxide films containing both tungsten and molybde-
num, and in the case of the film in comparative example 7
having an atomic ratio (W+Mo)/In of 0.0027, even though
the substrate was formed without heating, a minute crystal
phase was contained in the film, and the center line average
height roughness (Ra) on the surface of the film, measured
as in the examples, was 4.1 nm and very rough. After
annealing at 170° C., the film was completely crystallized
Also, in the case of the film in comparative example 8
having an atomic ratio (W+Mo)/In of 0.0500. the specific
resistance was high and greater than 6.0x10~* Q-cm.

Comparative Examples 9 to 10

[0074] A conventionally used sintered indium oxide target
containing no impurities and a sintered indium oxide target
containing tin (ITO) were used, and a non-doped indium
oxide transparent conductive thin film (comparative
example 9) and ITO transparent conductive thin film (com-
parative example 10) were made under the same conditions
as the examples, and were evaluated in the same way as
examples 1 to 3. The results are shown in Table 2. The
composition of the thin film of comparative example 9 was
analyzed by ICP and the atomic ratio Sn/In was found to be
0.075.

TABLE 2

Film before Annealing Film after Annealing

Specific Specific
Resistance Resistance
(Q - cm) Crystallinity (- cm)  Crystallinity
Comparative 3.3 x 10®  Crystalline and 4.5 x 10° Crystalline
Example 9 Amorphous
Comparative 6.5 x 10*  Crystalline and 7.2 x 10* Crystalline
Example 10 Amorphous

[0075] As shown in Table 2, the specific resistance of the
indium oxide films of comparative example 9 and compara-
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tive example 10 was high. Also, both of the films contained
a minute crystal phase in the film even though the films were
formed by sputtering without heating the substrate The XRD
pattern for comparative example 10 is shown in FIG. 4. It
can be seen that the amorphous phase and crystalline phases
coexist. In comparative example 10, from measurements
using a transmission electron microscope and electron beam
diffraction, it could also be seen that the amorphous phase
and crystalline phase coexist. The center line average height
roughness (Ra) on the surface of the films of comparative
example 9 and comparative example 10, measured as in the
examples, was from 5 nm to 6 nm, which was very large
compared to examples 1 to 3. Also, the thin films of
comparative example 9 and comparative example 10 were
completely crystallized after annealing at 170° C. for one
hour at atmospheric pressure, and the surface was extremely
rough.

[0076] The substrate was changed from a glass substrate to
a resin film with excellent surface smoothness, or a resin
film that was treated with a silicon oxynitride film, and the
film was manufactured in the same method, however the
results were the same.

Example 17

[0077] When a 200 um thick PES film was treated with a
57 nm thick silicon oxynitride film and 16 kinds of films
were formed on top in the same ways as for examples 1 to
16, all of the films were amorphous, and the center line
average height roughness (Ra), measured in the same way,
was from 0.6 nm to 2.0 nm, the specific resistance was from
4.5x107™" to 5.9x10™" Q-cm, and the average visible light
transmittance was greater than 85%.

Example 18

[0078] Thin film was made under the same conditions as
examples 1 to 16. X-ray diffraction measurement was per-
formed for the obtained films and no crystal phase was
detected, however, after checking using a transmission elec-
tron microscope and electron beam diffraction, it was found
that a minute amount of microcrystals were contained in the
film. The X-ray diffraction pattern of his film is shown in
FIG. 5, the transmission electron microscope photograph is
shown in FIG. 6, and the selected area electron diffraction
diagram using a 1 nm (diameter) nano electron beam is
shown in FIG. 7. This film was evaluated in the same way
as for examples 1 to 16, and substantially the same proper-
ties as those of examples 1 to 16 were found.

[0079] Manufacturing an Organic EL Light-Emmitting
Element

Example 19

[0080] The organic EL element of his invention was
manufactured using the following procedure. An organic EL
element that uses chrome with a work function of 4.5 eV as
the metal anode is explained below. A chrome (Cr) film
having a thickness of 200 nm was formed on a glass
substrate 1 using DC sputtering. A 6-inch diameter chrome
target was used, Argon (Ar) was used as the sputter gas, the
pressure was 0.4 Pa and the DC output was 300 W. Normal
lithography was used to pattern a specified shape. An anode
having a specified shape was obtained in this way.
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[0081] Next, a silicon oxide film (Si0,) was formed as an
insulating layer on the substrate processed with a chrome
layer in a specified pattern. The SiO, is formed to a film
thickness of 200 nm by oxygen-reactive sputtering using a
Si target. Normal lithography is used to process the SiO, to
form an opening in the chrome layer. A mixture of hydrof-
luoric acid and ammonium fluoride can be used to etch SiO,.
Also, it is possible to use dry etching. This opening will
become the light-emitting section of the organic EL element.

[0082] Next, the glass substrate formed with a chrome and
Si0, film is placed in a vacuum deposition apparatus in
which an organic layer and metal anode layer are formed by
vacuum deposition. Here, the organic layer used 4,4',4"-
tris(3-methyl-phenyl-phenyl-amine)triphenyl-amine

(MTDATA) as the electron-hole injecting layer, bis(N-naph-
thyl)-N-phenyl-benzidine(a-NPD) as the electron-hole
transport layer, and 8-quinolinol aluminum complex (Alq)
as the light-emitting layer. A magnesium and silver alloy
(Mg:Ag) was used in the metal layer of the cathode K. An
amount of 0.2 g of all of the materials of the organic layer
were filled into a low-resistant heating boat and attached to
the specified electrode of the vacuum deposition apparatus.
An amount of 0.1 g of the magnesium and 0.4 g of silver of
the metal layer were filled into a boat and attached to a
specified electrode of the vacuum deposition apparatus Air
was removed from the vacuum chamber until the vacuum
level was 1.0x10~* Pa, after which voltage was applied to
each boat to heat each in turn and to evaporate and deposit
the contents. A metal mask was used to evaporate and
deposit just a specified portion of the organic layer and the
Mg:Ag metal layer The specified portion is a portion on the
substrate where the chrome is exposed. Since deposition is
very difficult to perform with high accuracy for just the
exposed portion of the chrome layer, a deposition mask was
designed that covered (covered the edges of the insulating
layer) of the entire exposed portion of the chrome layer.
First, 30 nm of MTDATA was deposited as the electron-hole
injecting layer, then 20 nm of a-NPD was deposited as the
electron-hole transport layers and 50 nm of Alq was depos-
ited as the light-emitting layer. Furthermore, by depositing
magnesium and silver together, an Mg: Ag film is formed on
the organic layer as the metal layer 11 of the cathode K The
ratio of formation speed of magnesium and silver was 9:1.
The film thickness of the Mg:Ag film was 10 nm.

[0083] Finally, the substrate is moved to a different
vacuum chamber where the transparent conductive layer is
formed using the same mask. DC sputtering is used in
formation of the film. Here, a transparent conductive thin
film was formed having the In—W-—O0 type composition of
example 2. The conditions of film formation were a mixture
of argon and oxygen (volume ratio Ar:0,=99:1) as the
sputter gas, a pressure of 0.6 Pa and DC power output of 160
W. The film thickness was 200 nm. As described above, the
transparent conductive thin film that was manufactured and
obtained in this way had good conductivity and transparency
even though the film was formed at room temperature.

[0084] Lastly, a 200 nm SiO, protective film was formed
to cover the surface of the transparent conductive film layer
using sputtering, to obtain the organic EL light-emitting
element. This organic EL light-emitting element comprises
16 picture elements (8x2) where 2x2 mm square elements
(picture element) are spaced apart by 2 mm, and where each
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element has 2 parallel stripe-shaped negative electrodes and
8 parallel stripe-shaped positive electrodes that alternate
with each other.

[0085] A direct-current voltage is applied to the obtained
organic EL element in a N, atmosphere and driven continu-
ously at a constant current density of 10 mA/cm?, and the
initial average light-emission brightness of 160 picture ele-
ments (10 elements), number of current leaks between
electrodes, light emission half-life, and whether or not dark
spots were generated during 200 hours from the start of light
emission were investigated. The results are shown in Table
3.

Example 20

[0086] A 16-picture-element organic EL element was
manufactured using the same method as that used in
example 19 except the transparent conductive thin film used
as the cathode had the In—Mo—O type composition of
example 6. Similarly, the initial average light-emission
brightness of 160 picture elements (10 elements), number of
current leaks between electrodes, light emission half-life,
and whether or not dark spots were generated during 200
hours from the start of light emission were investigated. The
results are shown in Table 3.

Example 21

[0087] A 16-picture-element organic EL element was
manufactured using the same method as that used in
example 19 except the transparent conductive thin film used
as the cathode had the In—Mo—O type composition of
example 9. Similarly, the initial average light-emission
brightness of 160 picture elements (10 elements), number of
current leaks between electrodes, light emission half-life,
and whether or not dark spots were generated during 200
hours from the start of light emission were investigated. The
results are shown in Table 3.

Example 22

[0088] A 16-picture-element organic EL element was
manufactured using the same method as that used in
example 19 except the transparent conductive thin film used
as the cathode had the In—W-—Mo—O type composition of
example 15. Similarly, the initial average light-emission
brightness of 160 picture elements (10 elements), number of
current leaks between electrodes, light emission half-life,
and whether or not dark spots were generated during 200
hours from the start of light emission were investigated. The
results are shown in Table 3.

Comparative Example 11

[0089] A 16-picture-clement organic EL element was
manufactured using the same method as that used in
example 19 except the transparent conductive thin film used
as the cathode had the In—Sn—O type composition of
comparative example 9. Similarly, the initial average light-
emission brightness of 160 picture elements (10 elements)
number of current leaks between electrodes, light emission
half-life, and whether or not dark spots were generated
during 200 hours from the start of light emission were
investigated The results are shown in Table 3.

Comparative Example 12

[0090] A 16-picture-element organic EL element was
manufactured using the same method as that used in
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example 42 except the transparent conductive thin film used
as the cathode had the In—Sn—O type composition of
example 10. Similarly, the initial average light-emission
brightness of 160 picture elements (10 elements), number of
current leaks between electrodes, light emission half-life,
and whether or not dark spots (non-emitting spots) were
generated during 200 hours from the start of light emission
were investigated. The results are shown in Table 3.

Comparative Example 13

[0091] A 16-picture-element organic EL element was
manufactured using the same method as that used in
example 19 except a [n—Zn—O type transparent conduc-
tive thin film was used for the cathode. The In—Zn—O type
transparent conductive thin film used a In,O;—Zn0O (10 wt
% ZnO) sintered target ad ww manufractured at room
temperature using DC sputtering. Similarly, the initial aver-
age light-emission brightness of 160 picture elements (10
elements), number of current leaks between electrodes, light
emission half-life, and whether or not dark spots (non-
emitting spots) were generated during 200 hours from the
start of light emission were investigated. The results are
shown in Table 3.

TABLE 3
Average
Light-Emission Light-Emission
Brightness Half-Life Dark Spots

Example

19 430 cd/m?> 800 h no dark spots

20 410 cd/m? 800 h no dark spots

21 410 cd/m? 800 h no dark spots

22 440 cd/m? 800 h no dark spots
Comparative Example

11 150 ed/m? 200 h a lot of dark spots

12 150 cd/m? 250 h a lot of dark spots

13 350 cd/m? 800 h no dark spots

[0092] Asshown in Table 3, compared with an organic EL
element using conventional materials (comparative
examples 11 to 13), the organic EL element using the
transparent conductive thin film of this invention (examples
19 to 22) have greater initial average light emission bright-
ness, and the brightness half-life is clearly longer. Also, light
emission of 400 cd/m® and greater was confirmed. The
brightness half-life was 800 hours. Many dark spots (non-
emitting spots) occurred 200 hours after the start of light
emission in the organic EL elements using conventional
materials. (comparative examples 8 and 9), however, there
were absolutely no dark spots in the organic EL elements
using the transparent conductive thin film of this invention
(examples 19 to 22). Moreover, no dark spots (non-emitting
spots) were seen in the organic EL element of comparative
example 13 after a lapse of 200 hours from the start of light
emission, and the brightness half-life was as long as that in
examples 19 to 22 of the invention, however, the initial light
emission brightness was less than that of the organic EL
element of examples 19 to 22 It became clear from the
comparative tests of the light transmittance of the
In—Zn—O thin film and the thin film of this invention that
the light transmittance of the In—Zn—O thin film used for
the cathode was inferior, so it is thought that the light-
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emission brightness was lower. The metal Zn is contained in
the In—Zn—O thin film and the light transmittance of about
400 nm of this film is inferior to that of the film of this
invention.

[0093] Also, after the organic EL elements manufactured
as described above were left for 100 hours in an atmosphere
of 80° C. and 95% humidity, the same light-emission tests
were performed and it was observed that many dark spots
occurred at the start of light emission in the elements of
comparative examples 11 to 13, however no dark spots were
observed in the organic EL elements of examples 19 to 22
even 200 hours after the start of light emission. This is
because of the good resistance to heat of the transparent
conductive thin film of this invention.

Example 23

[0094] In examples 19 to 22, chrome was used for the
anode, however the same tendencies were seen when tung-
sten, molybdenum, tantalum or niobium were used.

Example 24

[0095] Inexamples 19 to 22, metal was used for the anode,
however, in this example an organic EL element with the
structure shown in FIG. 8 was manufactured using the same
method as in examples 19 to 22 except for the In—W—0
type amorphous thin film of examples 1 to 77 the
In—Mo—O type amorphous thin film of examples 8 to 14
and the In—W—Mo—O type amorphous thin film of
examples 15 and 16. In the case of this organic EL element,
light emission is possible from the anode as well as the
cathode. Light emission properties were investigated, and
substantially the same good light emission properties were
seen and no dark spots were observed even after a lapse of
200 hours from the start of light emission. However, in the
case of an organic EL element that used the In—Sn—O type
film of comparative examples 9 to 10 for the anode, many
dark spots were observed after a lopse of 200 hours from the
start of light emission.

Example 25

[0096] PES (polyethersulfone) formed with a 1 gm thick
acrylic type hard coat layer (0.2 mm total film thickness)
whose surface is treated with a 50 nm silicon oxynitride film
was used as the substrate, and an organic EL element as
shown in FIG. 1 was made on it. The In—W—O type
amorphous thin film of examples 1 to 7, the In—Mo—O
type amorphous thin film of examples 8 to 14, and the
In—W—Mo—O0 type amorphous thin film of examples 15
and 16 were used for the anode and cathode, and the
light-emission properties of the element were good.

[0097] As described above, this invention makes possible
a transparent conductive tin film having excellent surface
smoothness and low specific resistance of 6.0x10™* Q-cm or
less, and whose surface smoothness and specific resistance
properties do not change even when heated at 170° C. The
transparent conductive in film of this invention has these
properties, so light can be efficiently obtained from an
electrode, or in other words the cathode on the film, and thus
it can be used for the cathode of an organic EL element
having a high opening rate that is formed on top of a glass
substrate formed with a TFT.
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[0098] Also, the transparent conductive thin film of this
invention can be formed on a low-temperature substrate into
a transparent electrode having low resistance and good
surface smoothness, so it can also be used for the cathode
and/or anode of a flexible transparent organic EL element
that uses resin film for the substrate.

[0099] The transparent conductive thin film of this inven-
tion is not limited to being used for an organic EL display,
but can also be used in the transparent electrodes of an
inorganic EL display, an LCD electronic paper, or a solar
cell, so it can be said to have very high industrial value.

[0100] Moreover, an organic EL element that uses the
transparent conductive thin film of this invention as high
light-emission intensity and in which dark spots do not
easily occur and thus making it is possible to manufacture a
high-quality display, so this invention can be said to have
high industrial value.

1. A target for a transparent conductive thin film having
indium oxide as its major component and containing tung-
sten and/or molybdenum, obtained by preparing and form-
ing indium oxide powder, and tungsten oxide power and/or
molybdenum oxide powder and then heating and sintering
the formed body such that the thin film after sputtering has
indium oxide as the main component and contains tungsten
and/or molybdenum with an atomic ratio (W+Mo)/In of
0.0040 to 0.0470

2. A manufacturing method of a transparent conductive
thin film using the target described in claim 1, manufactur-
ing the transparent conductive thin film on a substrate by a
sputtering method, wherein the substrate is kept at 120° C.
or lower.

3. A transparent conductive thin film having indium oxide
as the main component and containing tungsten and/or
molybdenum with an atomic ratio (W+Mo)/In of 0.0040 to
0.0470, and constructed from the non-crystalline phase.

4. The transparent conductive thin film described in claim
3, wherein the non-crystalline phase is amorphous.

5. The transparent conductive thin film described in claim
3 or 4, wherein the specific resistance is 6.0x10™* Q-cm or
less.

6. The transparent conductive thin film described in any
one of claims 3 to 5, wherein the crystallization temperature
by annealing is from 180° C. to 290° C.

7. The transparent conductive thin film described in any
one of claims 3 to 6, wherein the center line average height
roughness (Ra) on the film surface is 2.0 nm or less.

8. An electrode material for a display constructed from a
transparent conductive thin film and glass substrate, wherein
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the said transparent conductive thin film has indium oxide as
its major component and contains tungsten and/or molyb-
denum with an atomic ratio (W+Mo)/In of 0.0040 to 0.0470,
and constructed from the non-crystalline phase, and wherein
the average visible light transmittance is greater than 85%.

9. An electrode material for a display comprising a resin
substrate with a steam barrier formed on the surface thereof,
the steam barrier being selected from the group of a silicon
oxide, silicon oxynitride, diamond-like-carbon(DLC), and
magnesium aluminate, and a transparent conductive thin
film described in any one of claims 3 to 7.

10. An organic electroluminescence element comprising
an anode, cathode and an organic layer that is held between
the anode and cathode, wherein the organic layer includes an
organic light emitting layer that emits light by recombining
electron holes supplied from the anode with electrons sup-
plied from the cathode, and wherein at least part of the anode
and/or cathode is constructed using the transparent conduc-
tive thin film described in any one of claims 3 to 7.

11. The organic electroluminescence element described in
claim 10, wherein the anode is constructed with a light-
reflecting thin film, and the cathode is constructed with the
transparent conductive thin film described in any one of
claims 3 to 7, and wherein light is mainly emitted from the
cathode side.

12. The organic electroluminescence element described in
claim 10, wherein the anode is constructed with a light-
reflecting thin film, and the cathode is constructed with a
laminated transparent conductive thin film described in any
one of claims 3 to 7 and metal thin film, and wherein light
is mainly emitted from the cathode side.

13. The organic electroluminescence element described in
claim 10, wherein a resin film with an inorganic coating
thereon is used as the substrate on which the element is
formed.

14. The organic electroluminescence element described in
claim 13, wherein the inorganic coating film is a silicon
oxide coating, silicon outride coating, magnesium aluminate
coating or diamond-like-carbon (DL.C) coating.

15. The organic electroluminescence element described in
any one of claim 13 and 14, wherein the resin film is made
of one of polyethersulfone, polycarbonate and polyethylene
terephthalate.

16. The organic electroluminescence element described in
any one of claim 13 and 14, wherein the resin film is made
of a body of one of polyethersulfone, polycarbonate and
polyethylene terephthalate laminated with acrylic resin.
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