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DESCRIPTION
Title of Invention
P-TYPE OXIDE, COMPOSITION FOR PRODUCING P-TYPE
OXIDE, METHOD FOR PRODUCING P-TYPE OXIDE,
SEMICONDUCTOR ELEMENT, DISPLAY ELEMENT, IMAGE
DISPLAY DEVICE, AND SYSTEM

Technical Field

The present invention relates to a p-type oxide, a
composition for producing the same, a method for producing the
same, a semiconductor element, a display element, an image

display device, and a system.

Background Art

Since an announcement of an InGaZnO ,(a-1GZO) thin film
transistor (TFT) that exhibits the mobility of a&Si or higher in the
amorphous state, researches and developments of oxide
semiconductors for practica Use have been energetically
conducted in all over the world. Most of these oxide
semiconductor materials are however n-type oxide
semiconductors using electrons as carrier.

If a p-type oxide semiconductor that iscomparative to the
n-type oxide semiconductor can be utilized on practice, these

p-type oxide semiconductor and n-type oxide semiconductor are
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combined to form p-n junction, tothereby realize a diode, an
optical sensor, a solar battery, a LED, or a bipolar transistor. It
Is also possible to make these devices transparent, as the oxide
semiconductor can be designed to have a wide-band gap.

Moreover, an active-matrix display uses, asabasic driving
circuit, a 2T1C circuit, asillustrated in FIG. 7. In such display,
if adriving transistor (field-effect transistor 20) is n-type, the
driving circuit isso called source follower circuit. Therefore, the
operating point of the driving transistor is sifted tothe operating
point of the different gate voltage due to aging (especialy
increasing in voltage) of the properties of the organic EL element,
tothereby shorten half-life of the display. For this reason, it has
not yet realized an active-matrix organic EL display (AM-OLED)
using alGZO TFT of high mobility as a backplane, p-type low
temperature polysilicon thin film transistors (LTPS-TFT) have
been exclusively employed. Therefore, there isaneed for a
p-type oxide semiconductor of high performance.

It has been known since 1950s that a cuzo crystal that isa
monovalent copper oxide exhibits p-type conductivity (see, for
example NPL 1). This crystal has a dumbbell structure of
O-Cu-0 as abase, and the hybrid orbital of the 3d-orbital of Cu
and 2p-orbital of oxygen constitutes atop of a valence band.
Holes are introduced into the valence band by oxygen excess

stoicheimetry, tothereby exhibit p-type conductivity.

2



10

15

20

WO 2013/081169 PCT/JP2012/081429

Examples of the crystal having the dumbbell structure aSa
base unit include a delafossite crystal represented by CuMO02
(M=A1, Ga, In), and SrCu202 crystal. In order for these oxides to
exhibit p-type electric conductivity, they need to have high
crystallinity, and only crystals, p-type conductivity of which has
been reported, are CuA102, Culn02, and SrCu202 (see, for
example, NPL 2 to NPL 4).

One of the reasons why it is difficult to exhibits p-type
conductivity isthat the valency of Cu and oxygen content are
difficult tocontrol. When it is attempt toform a single phase
film of oxide containing highly crystalline Cu*, aresulting film
is ,in most cases, afilminwhich acrystal phase containing Cu?*,
such as CuO, SrCu02, and SrCu203 is mixed. With such film,
excellent p-type electric conductivity cannot be attained, and it is
difficult to control properties thereof. Accordingly, when these
p-type oxide materials are used as an active layer of a
semiconductor element, properties, such as carrier density and
carrier mobility, cannot be optimized.

Other than above, disclosed is delafossite oxide containing
monovalent Cu or Ag (for example, see PTL 1). However, in the
disclosed technique, a heat treatment of high temperature, 500°C
or higher, isnecessary and therefore it is not suitable for
practical use.

Moreover, disclosed is a p-type electric conductive thin
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film of crystalline SrCu202 (for example, see PTL 2). Inthe
disclosed technique, the thin film forming temperature is
relatively low, i.e.,, 300°C, but sufficient electric conductivity has
not been attained, and the best conductivity attained is 4.8 x 10-2
Scm-1.  Further, control thereof is also insufficient.

As described above, these disclosed techniques have a
problem that a p-type oxide material cannot be produced by a
practica method, and a p-type oxide that has appropriately
controlled and sufficient electric conductivity cannot be provided.

Moreover, disclo%d isaTFT using, as an active layer, a
p-type oxide material of a delafossite crystal containing
monovalent Cu or Ag for example, see PTL 3).

However, this literature does not disclose sufficient
information, such asproperties of a material of the active layer, a
formation method thereof, and properties of the transistor.

Further, disclosed isaTFT using a cu2o crystal as étn
active layer (see, for example, NPL 5and NPL 6). In accordance
these techniques, however, properties of the active layer cannot
be sufficiently controlled, and therefore the electron field-effect
mobility and on-off ratio of the TFT have not reached the levels
suitable for practical use.

As described above, these disclosed techniques have
problems that it isdifficult to control properties of the p-type

oxide material, such as carrier density, and the properties
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suitable for use in a device cannot be attained.

So far, it has not yet been discovered a p-type oxide that is
effective in practical use.

Accordingly, there is currently a need for a p-type oxide

having characteristics that are comparative to characteristics of

an n-type oxide.
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Patent Literature
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NPL 5: E. Fortunato and 8 others, Thin-film transistors
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film transistor, Applied Physics Letters, VOL; 93, 2008, pp.
202107

Summary of Invention
Technical Problem

The present invention aims to provide the aforementioned
various problems in the conventional art, and to achieve the
following object. Specifically, an object of the present invention
istoprovide a novel p-type oxide, which has excellent propérties,
I.e., sufficient electric conductivity, which can be produced under
practical conditions, that is at relative low temperature, and
which can control electric conductivity by adjusting aformulation

ratio.

Solution to Problem

The means for solving the aforementioned problems are as
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follows:

A p-type oxide, including-~

an oxide,

wherein the oxide includes®

Cu;, and

an element M, which is selected from p-block elements,
and which can be in an equilibrium state, as being present as an
ion, wherein the equilibrium state is a state in which there are
both a state where al of electrons of p-orbital of an outermost
shell are lost, and a state where all of electrons of an outermost
shell are lost, and

wherein the p-type oxide is amorphous.

Advantageous Effects of Invention

The present invention can solve the various problems in
the art, and provide a novel p-type oxide, which has excellent
properties, i.e., sufficient electric conductivity, which can be
produced under practical conditions, that is at relative low
temperature, and which can control electric conductivity by

adjusting aformulation ratio.

Brief Description of Drawings
FIG. lis aschematic structure diagram illustrating one

example of a diode.
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FIG. 2is a schematic structure diagram illustrating one
example of atop-contact and bottom-gate field-effect transistor.

FIG. 3isaschematic structure diagram illustrating one
example of a bottom-contact and bottom-gate field-effect
transistor.

FIG. 4is a schematic sfructure diagram illustrating one
example of atop-contact and top-gate field-effect transistor.

FIG. 5is a schematic structure diagram illustrating one
example of a bottom-contact and top-gate field-effect transistor.

FIG. 6isadiagram for explaining one example of an image
display device.

FIG. 7isadiagram for explaining one example of the
display element of the present invention.

FIG. 8is a schematic structure diagram illustrating one
example of aphysical relationship between an organic EL
element and a field-effect transistor in the display element.

FIG. 9isaschematic structure diagram illustrating
another example of aphysical relationship between an organic EL
element and afield-effect transistor in the display element.

FIG. 10 isa schematic structure diagram illustrating one
example of an organic EL element.

FIG. 11 isadiagram for explaining one example of a
display control device.

FIG. 12 isadiagram for explaining one example of aliquid

8
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crystal display.

FIG. 13 isadiagram for explaining the display element of
FIG. 12.

FIG. 14isadiagram depicting the volume resistivity of the
p-type oxide of Examples 1to 6.

FIG. 15 depicts the measurement result of X-ray
diffraction of the p-type oxide of Example 1.

FIG. 16 depicts the measurement result of X-ray
diffraction of the p-type oxide of Example 2.

FIG. 17 depicts the measurement result of X-ray
diffraction of the p-type oxide of Example 3.

FIG. 18 depicts the measurement result of X-ray
diffraction of the p-type oxide of Example 4.

FIG. 19 depicts the measurement result of X-ray
diffraction of the p-type oxide of Example 5.

FIG. 20 depicts the measurement result of X-ray
diffraction of the p-type oxide of Example 6.

FIG. 21 depicts the measurement result of X-ray
diffraction of the Cu-Sb oxide of Comparative Example 1.

FIG. 22 depicts the measurement result of X-ray
diffraction of the Cu-Sb oxide of Comparative Example 2.

FIG. 23 depicts the measurement result of X-ray

diffraction of the p-type oxide of Example 7.
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FIG. 24 isadiagram depicting Current-voltage (I-V)

characteristics of diode produced in Example 8.

FIG. 25 isa microscopic photograph of a channel of the

field-effect transistor produced in Example 10.

FIG. 26 isadiagram depicting the volume resistivity of the

p-type oxides of Examples 11 to 17.
FIG. 27 depicts the measurement result
diffraction of the p-type oxide of Example 11.
FIG. 28 depicts the measurement resuvlt
diffraction of the p-type oxide of Example 12.
FIG. 29 depicts the measurement result
diffraction of the p-type oxide of Example 13.
FIG. 30 depicts the measurement result
diffraction of the p-type oxide of Example 14.
FIG. 31 depicts the measurement result
diffraction of the p-type oxide of Example 15.
FIG. 32 depicts the measurement result
diffraction of the p-type oxide of Example 16.
FIG. 33 depicts the measurement result
diffraction of the p-type oxide of Example 17.

FIG. 34 depicts the measurement result

of X-ray

of X-ray

of X-ray

of X-ray

of X-ray |

of X-ray

of X-ray

of X-ray

diffraction of the Cu-Sb oxide of Comparative Example 3.

FIG. 35 depicts the measurement result

diffraction of the p-type oxide of Example 18.

10
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FIG. 36 is a diagram depicting the Current-voltage (I-V)
characteristics of the diode produced in Example 19.
FIG. 37 is amicroscopic photograph of a channel of the

field-effect transistor produced in Example 21.

Description of Embodiments

(P-Type Oxide, Composition for Producing P-Type Oxide, and
Method for Producing P-Type Oxide)

<P-Type Oxide>

A p-type oxide of the present invention essentially consists
of an oxide containing Cu, and an element M, which is selected
from p-block elements, and which can be in an equilibrium state,
as being present as an ion, wherein the equilibrium state isa
state in which there are both a state where al of electrons of
p-orbital of an outermost shell are lost, and a state where all of
electrons of an outermost shell are lost, and wherein the p-type
oxide is amorphous.

In the descriptions below, the element M, which is selected
from p-block elements, and which can be in an equilibrium state,
as being present as an ion, wherein the equilibrium state isa
state in which there are both a state where all of electrons of
p-orbital of an outermost shell are lost, and a state where all of
electrons of an outermost shell are lost, may be referred to merely

as "element M."

11
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The p-type oxide is amorphous, and exhibits p-type electric
conductivity that uses holes as carrier.

In monovalent copper (or silver)oxide utilizing the valence
band consisting of the hybrid orbital of the 3d-orbital of Cu and
2p-orbital of O, anisotropy of the electron orbital is strong, and
therefore it is conventionally believed that the copper oxide needs
to be crystals to exhibit p-type. Thisis completely different
from an n-type oxide semiconductor, which utilizes a conduction
band consisting of isotropic s-orbital of heavy metal. However,
the present inventors have found that a certain Cu oxide in the
amorphous state exhibit p-type conductivity.

Since the p-type oxide is amorphous, aratio of
Cu-containing oxide and the element M-containing oxide can be
continuously adjusted. The electric conductivity of the oxide can
be controlled by the aforementioned ratio, and as aresult, p-type
oxide of desirable properties suited for an intended purpose can
be obtained.

| It is difficult to control avalency of Cu and an oxygen
content in a conventional crystalline p-type oxide containing
monovalent copper, and therefore it is difficult toform a single
phase film with the conventional p-type oxide. Moreover, the
presence of a phase containing an unintentionally generated Cu?*
interferes p-type electric conductivity.

The p-type oxide of the present invention essentialy

12
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consists of an oxide containing Cu, and the element M. The
element M is an element that can be an equilibrium state where
there are both a state where all eectrons of p-orbital of an outer
shell are lost (this state isrepresented as M**) and a state where
two electrons are released and all of the electrons of s-orbital and
p-orbital of the outermost shell are lost (this state ispresented as
M(x+2)+ by increasing the valency by 2), as presented as an ion.
The p-type oxide of the present invention essentially consists of
an oxide containing Cu and the element M, and an electron
released when M** is transformed to M™*2* is incorporated into
Cu?* tobecome Cu*. Asaresult of this change of the state, Cu
can stably exist as Cu* rather than Cu?'.

For example, one example of the element MisSn. Sn has
an effect of improving p-type electric conductive property in the
p-type oxide as it releases two electrons during the transition
from the state of Sn?*, where two 5p electron of the outermost
shell are lost, tothe state of Sn**, where two 5s electrons and two
5p electrons are lost, so that Cu stably exists as Cu* rather than
Cu?*.

Moreover, another example of the element MisSh. Sb
has an effect of improving p-type electric conductive property in
the p-type oxide asit releases two electrons during the transition
from the state of Shs*, where three 5p electrons of the outermost

shell are logt, to the state of Sb°*, where two 5s eectrons and
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three 5p electrons are lost, so that Cu stably exists as Cu* rather
than Cu?*.

Moreover, comparing that a conventional p-type oxide
containing Cu is crystallihe, the p-type oxide of the present
invention is amorphous, and therefore the p-type oxide of the
present invention has an advantage that it can form a uniform
film without causing variation in properties thereof due to
variation in crystalinity.

Note that, the p-type oxide is an amorphous oxide
essentially consisting of an oxide containing Cu and oxide
containing the element M, but the p-type oxide may contain a
trace of crystalline particles, which hardly affect semiconductor
characteristics.  Such p-type oxide containing atrace of crystals
isincluded in the scope of the p-type oxide of the present
invention. Here, "trace" means, for example, an amount with
which percolation of crystal particles does not occur, and means
about 15% by volume or lower.

The electric properties of the p-type oxide depend on a
ratio of the Cu-containing oxide and the element M-containing
oxide. The p-type oxide can be used for various semiconductor
elements, but properties (resistance) required for the
semiconductor in the element are typically varied depending on
types or characteristics of a semiconductor element. Accordingly,

the composition (e.g., a value of the molar ratio of Cu and the
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element M in the film) can be appropriately selected depending
on the intended purpose. |

The element M is appropriately selected depending on the
intended purpose without any limitation, provided that it iéan
element selected from p-block elements, and an element that can
take an equilibrium state, i‘n which there are both a state where
al of electrons of p-orbital of an outermost shell are lost and a
state where all of electrons on the outermost shell are lost, as
presented asanion. Examples of the element M include Sn, Sb,
Te, Tl, and Ph.

A shape of the p-type oxide is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include a film, and bulks (particles).

The p-type oxide is effective as a p-type active layer of a
semiconductor element, such as a pn-junction diode, a PIN
photodiode, afield-effect transistor, alight emitting element, and
a photoelectric transducer.

The method for producing a p-type oxide is preferably the
method for producing a p-type oxide of the present invention,
which uses the below-described composition for producing a
p-type oxide of the present invention.

Other methods for producing a p-type oxide are
appropriately selected depending on the intended purpose

without any limitation, and examples thereof include sputtering,
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pulsed laser deposition (PLD), CvD, and ALD.
<Composition for Producing P-Type Oxide>

The composition for producing a p-type oxide of the present
invention contains at least a solvent, a Cu-containing compound,
and a compound containing an element M (may referred to as"an
element M-containing compound” hereinafter), where the element
M is selected from p-block elements, and can bein an equilibrium
state in which there are both a state where all of electrons of
p-orbital of an outermost shell are lost, and a state where all of
electrons on the outermost shell are lost, as presented as an ion.
The composition for producing a p-type oxide of the present
invention may further contain other components, if necessary.

The composition for producing a p-type oxide is a
composition used for production of the p-type oxide of the present
invention. | |
-Solvent-

The solvent is appropriately selected depending on the
intended purpose without any limitation, and examples thereof
include toluene, xylene, 2-ethylhexanoic acid, acetyl écetone,
ethylene glycol, and 2-methoxy ethanol.

In order toimpart desirable properties (e.g., viscoelasticity,
and dielectric constant) to the composition for producing a p-type
oxide, moreover, a solvent, such as diethylene glycol, and

dimethyl formamide, may be used.
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These may be used independently, or in combination.

An amount of the solvent iln the composition for producing
a p-type oxide is appropriately selected depending on the
intended purpose without any limitation.

-Cu-Containing Compound-

The valency of Cu in the p-type oxide is monovalent, but
the valency of Cu in the Cu-containing compound is not limited to
monovalent. The Cu-containing compound can be appropriately
selected depending on the intended purpose, and examples
thereof include organic copper carboxylates, organic copper
complexes, and inorganic copper salts. Examples of the organic
copper carboxylates include copper(ll) neodecanoate. Examples
of the organic copper complex include copper(ll) phthalocyanine,
and copper(l) phenylacetylide. Examples of the inorganic copper
salt include copper(ll) nitrate, and copper(l) acetate.

Among them, in the case where the composition for
producing ap-type oxide is produced with a non-polar solvent, the
organic copper carboxylate is preferable, and copper(ll)
neodecanoate is more preferable in view of solubility. In the
case where the composition for producing a p-type oxide is
produced with a polar solvent, moreover, the inorganic copper
salt ispreferable, and copper(ll) nitrate is more preferable in
view of solubility.

An amount of the Cu-containing compound in the

17



10

15

20

WO 2013/081169 PCT/IP2012/081429

composition for producing a p-type oxide is appropriately selected
depending on the intended purpose without any limitation.
-Element M -Containing Compound-

The element M-containing compound is appropriately
selected depending on the intended purpose without any
limitation, and examples thereof include a Sb-containing
compound, and a Sn-containing compound.

Moreover, examples of the element M-containing compound
include organometallic complexes containing the element M,
organic carboxylic acid sats containing the element M, metal
alkoxides containing the element M, and inorganic salts
containing the element M.

--Sb-Containing Compound--

The Sb-containing compound is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include organometallic complexes containing Sb,
organic carboxylic acid salts containing Sb, metal akoxides
containing Sb, and inorganic salts containing Sb. Examples of
the inorganic salts containing Sb include antimony chloride.

Among them, in the case where the composition for
producing a p-type oxide is produced with a non-polar solvent, ,
triphenylantimony is preferable inview of solubility. Inthe case

where the composition for producing a p-type oxide is produced
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with apolar solvent, inorganic salts containing Sb are preferable,
and antimony chloride is more preferable in view of solubility.

An amount of the Sb-containing compound in the
composition for producing a p-type oxide is appropriately selected
depending on the intended purpose without any limitation.
--Sn-Containing Compound--

The Sn-containing compound is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include organometallic complexes containing Sn,
organic carboxylic acid salts containing Sn, metal akoxides
containing Sn, and inorganic salts containing Sn. Examples of
the organic carboxylic acid salts containing Sn include tin 2-ethyl
hexanoate. Examples of the inorganic salts having Sn include
tin chloride.

Among them, in the case where the composition for
producing a p-type oxide is produced with a non-polar solvent, the
organic carboxylic acid salts containing Sn are preferable, and tin
2-ethyl hexanoate is more preferable, in view of solubility. In
the case where the composition for producing a p-type oxide is
produced with a polar solvent, moreover, the inorganic salts
containing Sn are preferable, and tin chloride is more preferable,
in view of solubility.

An amount of the Sn-contai ning compound in the

composition for producing a p-type oxide is appropriately selected
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depending on the intended purpose without any limitation.

The composition for producing a p-type oxide of the present
invention is suitable as araw material solution used for
producing the p-type oxide having excellent p-type electric
conductivity. The valency of Cu in the p-type oxide is
monovalent, but the valency of Cu in the Cu-containing compound,
which is contained in the composition for producing a p-type
oxide, is not limited to monovalent. The valency of Cu in the
Cu-containi ng compound is preferably divalent.  Specifically, in
the case where the valency of Cu in the Cu-containing compound
is divaent, there isone‘oxygen atom relative toone Cu atom, but
in the phase of the Cu oxide formed with Cu and oxygen,
contributing to p-type electric conductivity, Cu is monovalent,
and therefore there isone oxygen atom relative totwo Cu atoms.
Namely, in the course of production of the p-type oxide, the
composition for producing a p-type oxide isin the oxygen excess
state in the relationship between Cu and O. By using such
composition for producing a p-type oxide, an oxygen content in
the produced p-type oxide isincreased, and carrier compensation
due to oxygen deficiency is inhibited. Accordingly, the hole
concentration isincreased to thereby yield the p-type oxide
having excellent p-type electric conductivity.

Since the blending ratio of the metal element composition

and the solvent can be controlled in awide range, moreover, the
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composition for producing a p-type oxide of the present invention
can be appropriately adjusted depending on the below-described
method for producing a p-type oxide or intended use.

<Method for Producing P-Type Oxide>

The method for producing a p-type oxide of the present
Invention contains at least a coating step, and a heat treat step,
and may further contain other steps, if necessary.

-Coating Step-

The coating step is appropriately selected depending on
the intended purpose without any limitation, provided that it
includes applying a composition onto a support.

The composition is the composition for producing a p-type
oxide of the present invention.

The support is appropriately selected depending on the
intended purpose without any limitation, and examples thereof
include a glass substrate.

The coating method is appropriately selected depending on
the intended purpose without any limitation, and asfor the
coating method, conventional methods, such as spin coating,
inkjet printing, dit coating, nozzle printing, gravure printing,
and micro contact printing, can be used. Among them, in the
case where intended is ssimple production of a film having alarge
area and uniform thickness, spin coating is preferable.

Moreover, by using appropriate printing method (e.g., inkjet

21



10

15

20

WO 2013/081169 PCT/JP2012/081429
printing, and micro contact printing) and printing conditions, fhe

composition can be printed in a desired shape, and therefore it is

not necessary to perform patterning in alater step.

-Heat Treatment Step-

The heat treatment step is appropriately - selected
depending on the intended purpose without any limitation,
provided that the heat treatment step is performing a heat
treatment after the coating step, and is a step capable of drying of
the solvent in the composition for producing a p-type oxide,
decomposition of the Cu-containing compound, decomposition of
the element M-containing compound (e.g., the Sb-containing
compound, and the Sn-containing compound), and generation of
the p-type oxide.

In the course of the heat treatment step, drying of the
solvent (referred to as "drying process' hereinafter), and
decomposition of the Cu-containing compound, decomposition of
the element M-containing compound (e.g., the Sb-containing
compound, and the Sn-containing compound), and generation of
the p-type oxide (collectively referred to as "decomposition and
generation process' hereinafter) are preferably performed at
different temperature.  Specificaly, it is preferred that after
drying the solvent, the temperature be elevated to perform
decomposition of the Cu-containing compound, decomposition of

the element M-containing compound (e.g., the Sh-containing
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compound, and the Sn-containing compound), and generation of
the p-type oxide.

The temperature for the drying process is appropriately
selected depending on the solvent as contained without any
limitation, and for example, it isin the range of 80°C to 180°C.
For the drying, it is aso effective to use a vacuum oven to lower
the temperature used to the drying.

The duration for the drying process is appropriately
selected depending on the intended purpose without any
limitation, and for example, it is 10 minutes to 1 hour.

The temperature for the decomposition and generation
process is appropriately selected depending on the intended
purpose without any limitation, and for example, it isin the
range of 200°C to 400°C.

The duration for the decomposition and generation process
Is appropriately selected depending on the intended purpose
without any limitation, and for example, it is 1 hour to 5 hours.

In the heat treatment ‘step, the aforementioned process
may be performed simultaneously, or may be divided into a
plurality of steps. |

A method for carrying out the heat treatment step is
appropriately selected depending on the intended purpose
without any limitation, and examples thereof include a method

for heating the support.
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The atmosphere in which the heat treatment step is
carried out is appropriately selected depending on the intended
purpose without any limitation, but it is preferably oxygen
atmosphere. By performing the heat treatment in the oxygen
atmosphere, a decomposition product can be promptly discharged
from the system, and oxygen defects in the resulting p-type oxide
can be reduced.

It is effective in the heat treatment step to apply UV light
having the wavelength of 400 nm or shorter tothe composition
after the drying process, as areaction of the decomposition and
generation process is accelerated. The p-type oxide can be
efficiently produced by applying the UV light having the
wavelength of 400 nm or shorter, because upon application of the
UV light, bond cleavage occurs in chemical bonds of organic
materials contained in the composition and the organic materials
are decomposed.

The UV light having the wavelength of 400 nm or shorter
Is appropriately selected depending on the intended purpose
without any limitation, and examples thereof include UV light
having awavelength of 222 nm emitted from an excimer lamp.

Moreover, it isalso preferable to apply ozone instead of, or
in combination with the application of the UV light. By applying
the ozone to the composition after the drying process, generation

of oxide is accelerated.
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The method for producing a p-type oxide of the present
invention can produce the p-type oxide easily, with high quantity,
and at low cost compared to a vacuum process, because the p-type
oxide is produced by a coating process.

Moreover, the method for producing a p-type oxide of the
present invention can produce the p-type oxide having excellent
p-type electric conductivity. It ispreferred in the method for
producing a p-type oxide of the present invention that the
Cu-containing compound containing the divalent Cu be used in
the composition for producing a p-type oxide used for the
aforementioned method. In this case, the valency of Cu in the
composition for producing a p-type oxide is divalent, there isone
oxygen atom relative to one Cu atom, but Cu is monovalent in a
phase of the p-type oxide formed with the composition and
contributing to p-type electric conductivity, there is one oxygen |
atom relative totwo Cu atoms. Namely, in the course of
production of the p-type oxide, the composition for producing a
p-type oxide isin the oxygen excess state in the relationship
between Cu and O. By using such composition for producing a
p-type oxide, an oxygen content in the produced p-type oxide is
increased, and generation of electrons caused by oxygen
deficiency isinhibited. Accordingly, the hole concentration is
increased tothereby yield the p-type oxide having excellent
p-type electric conductivity.
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(Semiconductor Element)

The semiconductor element of the present invention
contains at least an active layer, and may further contain other
members, if necessary.
<Active Layer>

The active layer is appropriately selected depending on the
intended purpose without any limitation, provided that it
contains the p-type oxide of the present invention.

As described earlier, the p-type oxide of the present
invention attains properties depending on the intended purpose
as aresult of the adjustment of the composition, and therefore
the p-type oxide of the present invention is suitably used in an
active layer of the semiconductor element. Specificaly, by
adding the p-type oxide whose properties have been optimized to
the active layer, properties of the semiconductor element cam be
improved.

A structure, shape, and size of the active layer are
appropriately selected depending on the intended purpose
without any limitation.

Examples of the semiconductor element include a diode, a
field-effect transistor, alight emitting element, and a
photoelectric transducer.
<Diode>

The diode is appropriately selected depending on the
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intended purpose without any limitation, and examples thereof

include a diode containing a first electrode, a second electrode,

and an active layer formed between the first electrode and the

second electrode. Examples of such diode include a pn-junction
diode, and a PIN photodiode.

As for an n-type oxide semiconductor, many materials
having high transmittance tovisible light have been known.
Since the p-type oxide of the present invention also transmits
visible light with awide-band gap, a transparent diode can be
produced using these materials.

-Pn-Junction Diode-

The pn-junction diode contains at least an active layer, and
may further contain other members, such as an anode (anode),
and a cathode (cathode), if necessary.

--Active Layer--

The active layer contains at least a p-type semiconductor
layer, and an n-type semiconductor layer, and may further
contain other members, if necessary.

The p-type semiconductor layer and the n-type
semiconductor layer are in contact with each other.

---P-Type Semiconductor Layer---
The p-type semiconductor layer is appropriately selected

depending on the intended purpose without any limitation,
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provided that the layer contains the p-type oxide of the present
Invention.

It is preferred that the composition or formation
conditions of the p-type oxide be selected to attain carrier density
and carrier mobility required to function asthe active layer.

The average thickness of the p-type semiconductor layer is
appropriately selected depending on the intended purpose
without any limitation, but it is preferably 50 nmto 2,000 nm.
---N-Type Semiconductor Layer---

A material of the n-type semiconductor layer is
appropriately selected depending on the intended purpose
without any limitation, but it ispreferably an n-type transparent
oxide semiconductor.

The n-type transparent oxide semiconductor is
appropriately selected depending on the intended purpose
without any limitation, and examples thereof include ZnO, and
IGZO (In-Ga-Zn-0).

In the case where the n-type transparent oxide
semiconductor, the active layer can be made transparent as the
p-type oxide of the present invention transmits visible light with
wide-band gap.

A method for forming the n-type semiconductor layer is
appropriately selected depending on the intended purpose

without any limitation, and examples thereof include a vacuum
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process, and printing. Examples of the vacuum process include
sputtering, pulsed laser deposition (PLD), CvD, and ALD.
Examples of the printing include dip coating, inkjet printing, and
nano imprinting. |

The average thickness of the n-type semiconductor layer is
appropriately selected depending on the intended purpose
without any limitation, but it is preferably 50 nm to 2,000 nm.

In the case where both the p-type semiconductor layer and
the n-type semiconductor layer are crystaline materials,
excellent crystallinity cannot be attained due to mismatched
lattices when these layers are laminated. Asaresult, a
semiconductor element of excellent properties may not be
produced. To avoid these problems, it is necessary to select
materials whose lattices are matched. Accordingly, usable
materials are limited.

On the other hand, by using the p-type oxide of the present
invention for the p-type semiconductor layer, a desirable
interface of a pn-junction can be formed without causing the
aforementioned problem, even when the n-type semiconductor
layer iscrystalline.  Namely, use of the p-type oxide of the
present invention enable towiden selections of materials usable
for a n-type semiconductor in the diode, aswell as achieving
excellent properties of an element.

--Anode (Anode)--
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The anode isin contact with the p-type semiconductor
layer.

A material of the anode is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include metal, such as Mo, Al, Au, Ag, and Cu,
alloy thereof, transparent electric conduétive oxide, and organic
conductor. Examples of the transparent electric conductive
oxide include indium tin oxide (ITO), and antimony-doped tin
oxide (ATO). Examples of the organic conductor include
polyethylene dioxythiophene (PEDQOT), and polyaniline (PANI).

A shape, size and structure of the anode are appropriately
selected depending on the intended purpose without any
limitation.

The anode is arranged to be in contact with the p-type
semiconductor layer. Among such arrangements, it is preferred
that an ohmic contact be formed.

A method for forming the anode is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include (i) a method for forming a film by
Sputtering, or dip coating, followed by patterning by
photolithography, and (ii) a method for directly forming a film
having a desired shape by a printing process, such asinkjet
printing, nanoimprint, and gravure.

--Cathode (Cathode)--
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A material of the cathode is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include those materials listed in the
descriptions of the anode. |

A shape, size and structure of the cathode are
appropriately selected depending on the intended purpose
without any limitation.

The cathode is arranged to be in contact with the n-type
semiconductor layer. Among such arrangements, it is preferred
that an ohmic contact be formed.

A method for forming the cathode is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include those methods described as the
formatioh methods in the descriptions of the anode.
--Production Method of PN-Junction Diode--

One example of the production method of the pn-junction
diode illustrated in FIG. 1will be explained.

At first, a cathode 2isformed on a substrate 1.

A shape, structure and size of the substrate are
appropriately selected depending on the intended purpose
without any limitation.

A material of the substrate is appropriately selected
depending on the intended purpose without any limitation, and

examples thereof include a glass substrate, and a plastic
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substrate.

The glass substrate is appropriately selected depending on

' the intended purpose without any limitation, and examples

thereof include non-alkali glass, and silica glass. |

The plastic substrate is appropriately selected depending
on the intended purpose without any limitation, and examples
thereof include polycarbonate (PC), polyimide (P'I), polyethylene
terephthalate (PET), and polyethylene naphthalate (PEN).

Note that, a pre-treatment, such as oxygen plasma, UV
ozone, and UV radiation washing, is preferably performed on the
substrate to clean a surface thereof and toimprove adhesion with
another layer.

Next, an n-type semiconductor layer 3isformed on the
cathode 2.

Subsequently, a p-type semiconductor layer 4 isformed on
the n-type semiconductor layer 3.

Then, an anode 5is formed on the p-type semiconductor
layer 4. |

In the manner as described above, apn-junction diode 61is
produced.
<Field-Effect Transistor>

The field-effect transistor contains at least a gate
electrode, a source electrode, a drain electrode, an active layer,

and a gate insulating layer, and may further contain other
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members, if necessary.
-Gate Electrode-

The gate electrode is appropriately selected depending on
the intended purpose without any limitation, provided that it is
an electrode for applying gate voltage.

A material of the gate electrode is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include metal such as Mo, Al, Au, Ag, and Cu,
aloy thereof, transparent electric conductive oxide, and organic
conductor. Examples of the transparent electric conductive
oxide include indium tin oxide (ITO), and antimony-doped tin
oxide (ATO). Examples of the organic conductor include
polyethylene dioxythiophene (PEDOT), and polyaniline (PANI).

A method for forming the gate electrode is appropriately
selected depending on the intended purpose without any
limitation, and examples thereof include (i) a method for forming
afilm by sputtering, or dip coating, followed by patterning by
photolithography, and (ii) a method for directly forming a film
having a desired shape by a printing process, such asinkjet
printing, nanoimprint, and gravure.

The average thickness of the gate electrode is
appropriately selected depending on the intended purpose
without any limitation, but it is preferably 20 nmto 1 um, more

preferably 50 nm to 300 nm.
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-Source Electrode and Drain Electrode-

The source electrode and drain electrode are appropriately
selected depending on the intended purpose without any
limitation, provided that they are electrodes configured to extract
electric current from the field-effect transistor.

A material of each of the source electrode and drain
electrode is appropriately selected depending on the intended
purpose without any limitation, and examples thereof include
those materials described in the description of the gate electrode.

Large contact resistance between the active layer and the
source electrode, or between the active layer and the drain
electrode leads to deterioration of transistor properties. In
order toavoid such deterioration, amaterial that will achieve low
contact resistance is preferably selected as the source electrode
and drain electrode. Specifically, it ispreferred that a materia
having the larger work function than that of the p-type oxide of
the present invention contained in the active layer be selected.

A method for forming each of the source electrode and the
drain electrode is appropriately selected depending on the
intended purpose without any limitation, and examples thereof
include those methods described as a formation method in the
descriptions for the gate electrode.

The average thickness of each of the source electrode, and

the drain electrode is appropriately selected depending on the
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intended purpose without any limitation, but it is preferably 20
nmto 1 pm, more preferably 50 nm to 300 nm.
-Active Layer-

The active layer contains the p-type oxide of the present
invention.

The active layer isformed between the source electrode
and the drain electrode. Here, the aforementioned "between" is
appropriately selected dependi ng on the intended purpose
without any limitation, provided that it is alocation where the
active layer can function as the field-effect transistor together
with the source electrode and the drain electrode.

It ispreferred that the composition or formation conditions
of the p-type oxide be selected to attain carrier density and
carrier mobility required to function asthe active layer.

The average thickness of the active layer is appropriately
selected depending on the intended purpose without any
limitation, but it ispreferably 5nmto 1um, more preferably 10
nm to 300 nm.

-Gate Insulating Layer-

The gate insulating layer is appropriately selected
depending on the intended purpose without any limitation,
provided that it is aninsulating layer formed between the gate
electrode and the active layer.

A material of the gate insulating layer is appropriately
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selected depending on the intended purpose without any
limitation, and examples thereof include® conventional material
which have been widely manufactured, such as s102, and SINX;
high dielectric constant materials such as La203, and Hf02 and
organic materials such as polyimide (Pl) and a fluororesin.

A method for forming the gate insulating layer is
appropriately selected depending on the intended purpose
without any limitation, and examples thereof include: vacuum
film forming methods, such as sputtering, chemical vapor
deposition (CVD), and atomic layer deposition (ALD); and
printing methods such as spin coating, die coating, inkjet
printing.

The average thickness of the gate insulating layer is
appropriately selected depending on the intended purpose
without any limitation, but it is preferably 50 nmto 3 pni, more
preferably 100 nmto 1 wn.

A structure of the field-effect transistor is appropriately
selected depending on the intended purpose without any
limitation, and examples thereof include top-contact and
bottom-gate (FIG. 2), bottom-contact and bottom-gate (FIG. 3),
top-contact and top-gate (FIG. 4), and bottom-contact and
top-gate (FIG. 5).

Note that, in FIGs. 2to 5, 21 is a substrate (support), 221is

an active layer, 23 is a source electrode, 24 isadrain electrode,
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25isagate insulating layer, and 26 is a gate electrode.

The field-effect transistor is suitably used for the
belowdescribed display element, but use thereof is not limited to
the display element. For example, the field-effect transistor can
be used for an IC card, or and 1D tag. |

Since the field-effect transistor uses the p-type oxide of the
present invention in an active layer thereof, the active layer of
desirable characteristics isrealized by adjusting the composition,
and therefore transistor property thereof isexcellent. Moreover,
the active layer is amorphous and therefore having high
uniformity. Therefore, dispersion in the property between
transistors can be reduced.

-Production Method of Field-Effect Transistor-

One example of the production method of the field-effect
transistor will be explained.

First, a gate electrode isformed on a substrate.

A shape, structure and size of the substrate are
appropriately selected depending on the intended purpose
without any limitation. |

A material of the substrate is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include a glass substrate, and a plastic
substrate.

The glass substrate is appropriately selected depending on
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the intended purpose without any limitation, and examples
thereof include non-alkali glass, and silica glass.

The plastic substrate is appropriately selected depending
on the intended purpose without any limitation, and examples
thereof include polycarbonate (PC), polyimide (PI), polyethylene
terephthalate (PET), and polyethylene naphthalate (PEN).

Note that, the substrate is preferably subjected to a
pre-treatment, such as oxygen plasma, UV ozone, and
UV-radiation washing.

Subsequently, a gate insulating layer isformed on the gate
electrode.

Then, an active layer containing the p-type oxide is formed
on the gate insulating layer in the channel region.

Subsequently, a source electrode and a drain electrode are
formed on the gate insulating layer so that source electrode and
the drain electrode are separated from each other with the active
layer being present between them.

In the manner as described above, a field-effect transistor
isproduced. In accordance with this production method, for
example, atop-contact and bottom-gate field-effect transistor, as
IHlustrated in FIG. 2, is produced.

The semiconductor element of the present invention
contains the p-type oxide of the present invention in the active

layer thereof. The p-type oxide can achieve the property
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(electric conductivity) suitable for the intended purpose by
adjusting the composition thereof. Accordingly, by using the
p-type oxide whose property is optimized as an active layer, the
properties of the semiconductor element can be improved.

The field-effect transistor, asthe semiconductor element of
‘the present invention, can provide a TFT having excellent
properties.  Since the active layer isamorphous, high uniformity
is achieved, and therefore dispersion in the property between
transistors can be reduced.

(Display Element)

The display element of the present invention contains at
least alight control. element, and adriving circuit configured to
drive the light control element, and may further contain other
members, if necessary.
<Light Control Element>

The light control element is appropriately selected
depending on the intended purpose without any limitation,
provided that it isan element which controls light output
according to a driving signal. Examples of the light control
element include an organic luminescent (EL) element, an
electrochromic (EC) element, atliquid crystal element, an
electrophoretic element, and an electrowetting element.
<Driving Circuit>

The driving circuit is appropriately selected depending on
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the intended purpose without any limitation, provided that it has
the semiconductor element of the present invention.
<Other Members> |

Other members are appropriately selected depending on
the intended purpose without any limitation.

The display element of the present invention contains the
semiconductor element (e.g., the field-effect transistor) and
therefore dispersion between the elements are small. Moreover,
even in the case where the display element is aged, the driving
transistor can be operated with a constant gate voltage, leading
toalong life service of the element.

(Image Display Device)

The image display device of the present invention contains
at least aplurality of display elements, wiring (plurality of lines),
and a display control device, and may further contain other
members, if necessary.
<Display Element>

The display elements are appropriately selected depending
on the intended purpose without any limitation, provided that
they are the display elements of the present invention arranged
In a matrix.
<Wiring>

The wiring is appropriately selected depending on the
intended purpose without any limitation, provided that it is
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capable of individually applying gate voltage and image data
signals to each field-effect transistor in the display element.
<Display Control Device>

The display control device is appropriately selected
depending on the intended purpose without any limitation,
provided that it is capable of individually controlling the gate
voltage and signal voltage of each field-effect. transistor through
the wiring, according to the image data.
<Other Members>

The aforementioned other members are appropriately
selected depending on the intended purpose without any
limitation. |

The image display device of the present invention contains
the display element of the present invention, and therefore the
image display device can be stably operated with along service
life.

The image display device of the present invention can be |
used as a display unit in mobile information devices (e.g., a
mobile phone, a mobile music player, a mobile video player, an
electronic book, personal digital assistant (PDA)) or in imaging
devices (e.g., a still camera, and avideo camera). Moreover, the
image display device can be used as a display unit for various
information in atransporting system, such as a car, air craft,

train, and ship. Further, the image display device can be used
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as a display unit for displaying various information in a
measuring device, analysis device, medical device, or advertising
media

(System)

The system of the present invention contains at least the
image display device of the present invention, and an image data
forming device.

The image data forming device is configured to form image
data based upon image information to be displayed, and to output
the image date tothe image display device.

The system of the present invention is equipped with the
image display device of the present invention, and therefore the
system can display image information with high precisions.

Next, the image display device of the present invention
will be explained. |

The image display device of the present invention can
apply the configuration, for example, described in the paragraphs
[0059] to [0060], and FIGs. 2 and 3 of JP-A No. 2010-074148.

One example of the embodiment of the present invention
will be explained with reference tothe diagrams.

FIG. 6isadiagram illustrating adisplay in which display
elements are arranged on a matrix. As illustrated in FIG. 6, the
display contains "n" number of scanning lines (X0, XI, X2, X3, ...

Xn-2, Xn-1) arranged aong the X axis direction with a constant
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interval, "m" number of data lines (YO, YI, Y2, Y3, ... Yn-I)
arranged aong the Y axis direction with a constant interval, and
"m" number of electric current supply lines (YOi, Yli, Y2i,

Y3i ,..Ym-Ii) arranged aong the Y axis direction with a constant
interval.  Note that, in FIGs. 7, 11, 12, and 13, the same
reference sign (e.g., XI, YIl) denotes the same to the above.

As described, the display element 302 is specified with the
scanning line and the data line.

FIG. 7is aschematic structure diagram illustrating one
example of the display element of the present invention.

Asillustrated in FIG. 7 asan example, the display element
contains an organic EL (luminescent) element 350, and a driving
circuit 320 for making the organic EL element 350 emit. Namely,
the display 310 isso called an active-matrix organic EL display.
Moreover, the display 310 is a 32-inch color display. Note that,
the size of the display is not limited tothe aforementioned size. |

The driving circuit 320 of FIG. 7 will be explained.

The driving circuit 320 contains two field-effect
transistors 10 and 20, and a capacitor 30.

The field-effect transistor 10 functions as a switching
element. The gate electrode G of the field-effect transistor 10is
connected with a certain scanning line, the source electrode S of
the field-effect transistor 10 isconnected with a certain data line.

Moreover, the drain electrode D of the field-effect transistor 10is
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connected with one of terminals of the capacitor 30.

The field-effect transistor 20 supplies electric current to
the organic EL element 350. The gate electrode G of the
field-effect transistor 20 is connected with the drain electrode D
of the field-effect transistor 10. Moreover, the drain electrode D
of the field-effect transistor 20 is connected with an anode of the
organic EL element 350, and the source electrode S of the
field-effect transistor 20 is connected with a certain electric
current supply line.

The capacitor 30 is configured to store the state of the
field-effect transistor 10, i.e. data. The other terminal of the
capacitor 30 is connected with a certain electric current supply
line.

When the field-effect transistor 10 isthe "on" state, the
image data is stored in the capacitor 30 through the signal line
Y2. Even after turning the field-effect transistor 10 into the
"off state, the organic EL element 350 can be driven by
maintaining the "on" state of the field-effect transistor 20
corresponding to the image data.

FIG. 8illustrating one example of the positional
relationship between the organic EL element 350 of the display

element and the field-effect transistor 20 as a driving circuit.

Here, the organic EL element 350 is arranged to be next to the

field-effect transistor 20. Note that, the field-effect transistor
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and a capacitor (not illustrated) are formed on the same
substrate.

Although it isnot illustrated in FIG. 8, it is aso preferred
that aprotective film be provided on the top of the active layer 22.
As for a material of the protective film, s102, SiNx, AI203, or
fluoropolymer is suitably used.

Moreover, the organic EL element 350 may be arranged on
the field-effect transistor 20, for example, asillustrated in FIG. 9.
In this case, the transparency isrequired tothe gate electrode 26,
and therefore transparent electric conductive oxide, such asITO,
In203, Sn02, ZnO, Ga-doped ZnO, Al-doped ZnO, and Sb-doped
Sn02, is used for the gate electrode 26. Note that, the reference
sign "360" denotes an interlayer insulating film (leveling film).
As for the insulating film, for example, polyimide or an acrylic
resin can be used.

In FIGs. 8 and 9, the field-effect transistor 20 contains a
substrate 21, an active layer 22, a source electrode 23, a drain
electrode 24, a gate insulating layer 25, and a gate electrode 26.
The organic EL element 350 contains a cathode 312, an anode 314,
and an organic EL thin film layer 340.

FIG. 10 is a schematic structure diagram illustrating one
example of an organic EL element.

In FIG. 10, the organic EL element 350 contains a cathode

312, an anode 314, and an organic EL thin film layer 340.
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A material of the cathode 312 is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include aluminum (Al), magnesium (Mg)-silver
(Ag) aloy, duminum (Al)-lithium (Li) aloy, and ITO (Indium Tin
Oxide). Note that, the magnesium (Mg)-silver (Ag) aloy with a
sufficient thickness functions as an electrode of high reflectance,
and avery thin film (less than about 20 nm) thereof functions as
atransparent electrode. In the diagram, light isled out from
the side of the anode, but light can be taken out from the side of
the cathode by making the cathode clear, or using a transparent
electrode as the cathode.

A material of the anode 314 is appropriately selected
depending on the intended purpose without any limitation, and
examples thereof include ITO (Indium Tin Oxide), 1ZO (Indium
Zinc Oxide), and silver (Ag)-neodymium(Nd) alloy. Note that,
when the silver aloy is used for the anode, the anode is an
electrode of high reflectance, which is suitable for the case where
light istaken out from the side of the cathode.

The organic EL thin film layer 340 contains an electron
transporting layer 342, alight emitting layer 344, and a hole
transporting layer 346. The electron transporting layer 342 is
connected to the cathode 312, and the hole transporting layer 346
is connected to the anode 314. Upon application of certain

voltage between the anode 314 and the cathode 312, the light
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emitting layer 344 emits light.

Here, the electron transporting layer 342 and the light
emitting layer 344 may bejointly form one layer. Moreover, an
electron injecting layer may be provided between the electron
transporting layer 342 and the cathode 312. Further, ahole
injecting layer may be provided between the hole transporting
layer 346 and the anode 314.

Moreover, explained above in the embodiment of "bottom
emission” where light istaken out from the side of the substrate
(the bottom side in FIG. 10), but the organic EL element may
employ "top emission" where light istaken out from the opposite
side to the side of the substrate (the bottom side in FIG. 10).

FIG. 11 is a schematic structure diagram illustrating
another example of the image display device of the present
invention.

In FIG. 11, the image display device contains a display
element 302, wiring (scanning line, data line, electric current
supply line),and a display control device 400.

The display control device 400 contains aimage data
processing circuit 402, a scanning line driving circuit 404, and a
data line driving circuit 406.
| The image data processing circuit 402 determines
luminance of aplurality of the display element 302 on the display
based on the output signal of the image output circuit.
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The scanning line driving circuit 404 applies voltage to
each of ("n" number of) scanning lines in response to the
command from the image data processing circuit 402.

The data line driving circuit 406 applies voltage to each of
("m" number of) data lines in response to the command from the
Image data processing circuit 402,

Moreover, the embodiment above explains the case where
the light control element isthe organic EL element, but the light
control element is not limited to the organic EL element. For
example, the light control element may be an electrochromic
element. In such case, the display is an electrochromic display.

Further, the light control element may be aliquid crysta
element. Inthis case, the display isaliquid crystal display, and
an electric current supply line for the display element 302’ is not
required, asillustrated in FIG. 12. Asillustrated in FIG. 13,
moreover, the driving circuit 320" can be composed of one
field-effect transistor 40 having the same structure as those of
the field-effect transistors 10 and 20. In the field-effect
transistor 40, the gate electrode Gis connected with a certain
scanning line, and the source electrode Sis connected with a
certain data line. Moreover, the drain electrode D is connected
with the capacitor 361 and with a pixel electrode of the liquid
crystal element 370.

Moreover, the light control element may be any of an
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electrophoretic element, an inorganic EL element, or an
electrowetting element.

The embodiment where the system of the present invention
Is atelevision device has been explained above, but the system is
not limited tothe television device. The system may be applied
as any system, aslong asit has an image display device as a
device for displaying images and information.  For example, the
system may be a computer system in which a computer (including
a personal computer) and an image display device are connected.

The system of the present invention contains the image
display device of’ the present invention, and therefore the system

is stably operated with along service life.

Examples

Examples of the present invention will be explained
hereinafter, but these examples shall not be construed to as limit
the scope of the present invention in any way.
(Examples 1to 6)
<Preparation of Cu-Sb oxide (amorphous) film>

Inks for Cu-Sb oxide (compositions for producing a p-type
oxide), each of which had the formulation and Sb/Cu molar ratio
depicted in Table 1, were prepared.  Specificaly, a copper
neodecanoate (8.28% by mass) toluene solution and a triphenyl

antimony (5.83% by mass) toluene solution were blended in
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accordance with the formulation depicted in Table 1sothat a
ratio of Cu molesin aresulting ink to Sb moles in the resulting -
ink (Sb/Cu molar ratio) was to be 2.5%, 6.3%, 12.5%, 18%, 25%,
and 100%, respectively, tothereby prepare 6 different inks for
Cu-Sb oxide (compositions for producing a p-type oxide). Note
that, 0.5 mL of toluene was added to the formulation depicted in
Table 1.

Next, the ink for Cu-Sb oxide was applied onto a glass
substrate by spin coating. After drying the ink for 1 hour at
120°C, the ink was baked for 3 hours at 250°C while applying

light emitted from an excimer lamp (wavelength =222 nm) in a

flow of oxygen gas, tothereby form a Cu-Sb oxide film (p-type

PCT/JP2012/081429

oxide film).
Table 1
Sb/Cu copper triphenyl film volume
molar ratio|{neodecanoate antimony thickness [ resistivity
[%] (8.28 mass%) {(5.83 mass%) [nm] [Qcm]
toluene toluene
solution [mL] |solution [mL]
Ex. 1 2.5 0.153 0.01 39.4 3.39E+00
Ex. 2 6.3 0.153 0.025 42 8.00E+00
' Ex. 3 12.5 0.153 0.05 41 5.72E+01
Ex. 4 18 0.153 0.07 42.1 4. 87E+02
Ex. 5 25 0.153 0.1 37.2 1.27E+05
Ex. 6 100 0.153 0.4 73.1 6.58E+06

Note that, in Table 1, E denotes "the exponent of 10."

For

example, "1.0E + 01" represents "10," and "1.0E + 02" represents

"100."

E depicted in Table 2, FIGs. 14 and 24 denotes the same.
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(Comparative Example |)
<Production of Cu-Sb Oxide (Crystal)>

A Cu-Sb oxide film (Sb/Cu molar ratio: 2.5%) prepared in
the same manner asin Example 1was heated at 500°C for 1 hour
In ambient atmosphere.
(Comparative Example 2)
<Production of Cu-Sb Oxide (Crystal)>

A Cu-Sb oxide film (Sb/Cu molar ratio: 2.5%) prepared in
the same manner asin Example 1was heated at 500°C for 1 hour

In nitrogen atmosphere.

Table 2
Sb/Cu |conditions for heat film volume
molar treatment thickness |resistivity
ratio [nm] [Qcm]
[%]
Comp. 2.5 500°C, for 1 hour in 43.2 5.43E+10
Ex. 1 atmosphere
Comp. 2.5 500°C, for 1 hour in 42.2 3.10E+01
Ex. 2 nitrogen gas

The oxide films obtained in Examples 1to 6 and
Comparative Examples 1to 2 were each subjected toa
measurement of a thickness (film thickness) and a measurement
of volume resistivity.  Further, the oxide films were each
subjected to X-ray diffraction analysis.
<Thickness>

A thickness of the oxide film was determined by
meésuring and analyzing areflection spectrum with the

wavelength of about 300 nm to about 700 nm, as measured by
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reflection spectroscopic film thickness meter (FE-3000,
manufactured by Otsuka Electronics Co., Ltd.). The results are
presented in Tables 1and 2.
<Volume Resistivity>

On each of the oxide films produced in Examples 1to 6,
and Comparative Examples 1to 2, Au was deposited through a
metal mask by vapor deposition, tothereby form an electrode in
the shape of apair of lines. Current-voltage (I-V)
characteristics between the electrodes were measured to thereby
determine volume resistivity. The results are presented in
Tables 1and 2. Moreover, arelationship between the Sb/Cu
molar ratio and the (volume) resistivity presented in Table 1is
depicted in FIG. 14.

As presented in Table 1and FIG. 14, electric conductivity
was confirmed in all of Examples. Moreover, there was a
tendency that the volume resistivity increased asthe Sb/Cu
molar ratio increased, and the volume resistivity changed from
about 20 Qcm. to about 107 Qcm. |
<X-ray diffraction>

X-ray diffraction analysis was performed on the oxide
films of Examples 1to 6 and Comparative Examples 1to 2 by
means of X'PertPro (Philips).

The results of the X-ray diffraction measurements of the

p-type oxide of Example 1are depicted in FIG. 15. The results of
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the X-ray diffraction measurements of the p-type oxide of
Example 2 are depicted in FIG. 16. The results of the X-ray
diffraction measurements of the p-type oxide of Example 3 are
depicted in FIG. 17. The results of the X-ray diffraction
measurements of the p-type oxide of Example 4 are depicted in
FIG. 18. The results of the X-ray diffraction measurements of
the p-type oxide of Example 5 are depicted in FIG. 19. The
results of the X-ray diffraction measurements of the p-type oxide
of Example 6 are depicted in FIG. 20. The results of the X-ray
diffraction measurements of the p-type oxide of Comparative
Example 1are depicted in FIG. 21. The results of the X-ray
diffraction measurements of the p-type oxide of Comparative
Example 2 are depicted in FIG. 22.

No diffraction peak was found in all of the 6 samples of
Examples 1to 6, and therefore it was confirmed that these Cu-Sb
oxide films were each in the state of amorphous.

Several diffraction peaks were found from the results of
the X-ray diffraction measurements performed on the sample of
Comparative Example 1, and it was found from the angle (20
thereof that CuO crystals were present in the oxide of
Comparative Example 1. It isconsidered that oxygen has taken
into the film during the heating treatment to thereby generate
CuO.
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The results of the X-ray diffraction measurements
performed on the sample of Comparative Example 2 show that
there are diffraction peaks at angles corresponding to CU20
crystal and metal Cu, and therefore it has been found that metal
Cu is generated by reduction occurred during the heating
treatment.

The p-type oxide film of the present invention can be used
various semiconductor elements, but properties (resistivity)
required for a semiconductor in the semiconductor element
generally vary depending on types and characteristics of the
semiconductor element. Therefore, the value of the Sb/Cu molar
ratio can be appropriately selected depending on the intended
purpose.

The Current-voltage (I-V) characteristics measured
between the Au electrodes of the sample of Comparative Example
1 did not exhibited alinear relation ship, and the sample had
high resistance, i.e., volume resistivity of 1010 Qcm or higher. It
isconsidered that sufficient electric conductivity was not
obtained because alarge amount of CuO crystals, in which Cu
was divalent, was contained in the film.

The sample of Comparative Example 2 achieved low
resistivity similar tothat of the sample of Example 1. With
reference to the results of the X-ray diffraction measurements,

however, the electric conductivity thereof seemed to be partially
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contributed by the metal Cu. Accordingly, an object of attaining
excellent p-type electric conductivity has not been achieved by
the film of Comparative Example 2.

Specificaly, the crystalline Cu-Sb oxide has not been able

to control p-type electric conductivity.
(Example 7)
.<Production of Cu-Sb Oxide Film (Amorphous)>

In 10 mL of ethylene glycol, 2.42 g (corresponding to 10
mmol) of copper nitrate trihydrate was dissolved to prepare a
copper raw material solution. Moreover, 2.29 g (corresponding
to 10 mmol) of antimony chloride was dissolved in 10 mL
propylene glycol to thereby prepare an antimony raw material
solution.

The copper raw material solution (5 mL) and the antimony
raw material solution (0.9 mL) were mixed and stirred to thereby
prepare an ink for Cu-Sb oxide (composition for producing a
p-type oxide). Aratio of Cu moles in the ink to Sb moles in the
ink (Sb/Cu molar ratio) was 18%.

Next, a glass substrate was coated with the ink for Cu-Sb
oxide by spin coating. After drying the ink at 120°C for 1 hour,
the ink was baked at 250°C for 3 hours while applying light
emitted from an excimer lamp (wavelength: 222 nm) in a flow of
oxygen gas, tothereby form a Cu-Sb oxide film (p-type oxide film).

The Sb/Cu molar ratio in the obtained film was 18%, and the film
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having the same composition to that of Example 4 was formed.

The film thickness and volume resistivity of the film was
measured in the same manner asin Example 1. Asaresult, the
film thickness was 89 nm, and the volume resistivity was 6.28 X
102i3cm. It was confirmed that the volume resistivity of the film
was similar tothe volume resistivity (4.87 x 102 Qcm) of the
p-type film of Example 4. Accordingly, it was confirmed that,
even in the case where different types of the Cu-containing
compound, Sb-containing compound, and solvent are used during
the formulation of the ink, the p-type oxide film having the
substantially similar electric conductive characteristics could be
obtained aslong asthe molar ratio of Cu and Sb was the same.

The results of the X-ray diffraction measurements
performed on the film obtained in Example 7 are presented in
FIG. 23. Aspresented in FIG. 23, it was confirmed that the film
;)btai ned in Example 7 was also in the state of amorphous.
(Example 8)
<Production of PN-Junction Diode>
-Preparation of Substrate-

As for a substrate, non-alkali glass substrate (plate
thickness® 0.7 mm) was used. The glass substrate was washed
by ultrasonic cleaning using a neutral detergent, pure water, and
isopropyl alcohol. After drying the substrate, the substrate was

further subjected to a UV-ozonetreatment at 90°C for 10 minutes.
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-Formation of Cathode-

On the glass substrate, Al was deposited to athickness of
100 nm through a metal mask by vapor deposition, to thereby
form a cathode.

-Formation of N-Type Semiconductor Layer-

On the cathode, a Mg-In oxide film was formed by radio
frequency sputtering through a metal mask. Asatarget, a
polycrystalline sintered body (size (diameter): 4inches) having a
compositidn of |n2M gOswas used. The ultimate pressure in the
sputtering chamber was set to 2 x | 05 Pa.  The flow rates of
argon gas and oxygen gas during the sputtering were controlled
to achieve the total pressure of 1.0 Pa, and oxygen partial
pressure of 6.0 X 1 02 Pa. The temperature of the substrate was
not particularly controlled during the sputtering.  The power
and duration of the sputtering were respectively adjusted to 150
w, and 15 minutes, to thereby form a Mg-In oxide film having a
thickness of 160 nm.

-Formation of P-Type Semiconductor Layer-

On the n-type semiconductor layer, a Cu-Sb oxide film
(Sb/Cu molar ratio: 12.5%) was formed in the same manner asin
Example 3. The thickness of the Cu-Sb oxide film was 48.5 nm.
-Formation of Anode-

On the p-type semiconductor layer, Au was deposited to a

thickness of 100 nm through a metal mask by vapor deposition, to
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thereby form an anode.

By the processes described above, a pn-junction diode was
obtained.
<Evaluation>

The current-voltage (I-V) characteristics of the diode
obtained in Example 8 were measured. The result is presented
in FIG. 24. It was found from the result that a typical
rectification was obtained.  Specifically, the result exhibited
that the pn-junction diode could be realized by using the p-type
oxide of the present 'invention asthe active layer.

(Example 9)

<Production of Field-Effect Transistor>

-Preparation of Substrate (Gate Electrode, Gate Insulating
Layer) -

As for a substrate, a Si substrate with athermally
oxidized film (thickness® 200 nm) was used. The Si substrate
was washed by ultrasonic cleaning using neutral detergent, pure
water, and isopropyl alcohol. After drying the substrate, a
UV-ozonetreatment was further performed on the substrate at 90
°Cc for 10 minutes. Note that, the thermally oxidized filmisa
gate insulating layer, and the Si substrate is a gate electrode.
-Formation of Active Layer-

The ink for Cu-Sb oxide film (Sb/Cu molar ratio: 2.5%)

produced in Example 1 was applied onto the substrate by spin
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‘coating. After drying the ink at 120 °C for 1 hour, the ink was
baked at 250 °c for 3 hours while applying light emitted from an
excimer lamp (wavelength: 222 nm) in a flow of oxygen gas, to
thereby form a Cu-Sb oxide film (Sb/Cu molar ratio- 2.5%) having
the average thickness of 45 nm.

Thereafter, aphotoresist was applied thereon, and the
coated photoresist was subjected to prebake, exposure' by an
exposure equipment, and developing, to thereby form aresist
pattern having the same pattern as an active layer to be formed.
Moreover, the Cu-Sb oxide film in the area on which the resist
pattern was not formed was removed by wet etching, followed by
removing the resist pattern, tothereby form an active layer.
“Formation of Source Electrode and Drain Electrode-

On the active layer, Cr was deposited to a thickness of 1
nm, followed by depositing Au to athickness of 100 nm, through a
metal mask by vapor deposition to thereby form a source
electrode and a drain electrode. The channel length thereof was
50 um, and the channel width thereof was 0.4 mm.

Finaly, annealing was performed at 300 °C for 1 hour in a
flow of oxygen gas, tothereby produce a field-effect transistor.
<Evaluation>

The transfer characteristics (vds = -20Vv) of the field-effect

transistor produced in Example 9 was measured, and the result
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thereof showed the excellent p-type characteristic of a normally
of f type.

(Example 10)

<Production of Field-Effect Transistor»

-Preparation of Substrate (Gate Electrode, Gate Insulating
Layer)-

As for a substrate, a Si substrate with a thermally
oxidized film (thickness® 200 nm) was used. The Si substrate
was washed by ultrasonic cleaning using neutral detergent, pure
Watér, and isopropyl acohol. After drying the substrate, a
UV-ozone treatment was further performed on the substrate at 90
°Cc for 10 minutes. Note that, the thermally oxidized filmisa
gate insulating layer, and the Si substrate is a gate electrode.
-Formation of Source Electrode and Drain Electrode-

On the Si substrate with the thermally oxidized film,
hexamethyldisilazane (HMDS) was applied by spin coating,
followed by a drying process, to thereby give a hydrophobing
treatment to the surface of the substrate.  Subsequently, an

‘under layer resist for lift-off was formed by spin coating and a

drying process. On the under layer resist, a photosensitive
photoresist was formed by spin coating and a drying process.
After patterning the resist through exposure via a photo mask
and developing, afilm of Pt, which was an electrode material, was

formed by DC sputtering.  As for atarget, Pt (size (diameter) : 4
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inches) was used. The ultimate pressure in the sputtering
chamber was set to IXIO-*Pa.  During the sputtering, a flow of
argon gas was supplied, and the pressure was set t00.35 Pa
The temperature of the substrate was not particularly controlled
during the sputtering.  The power and duration of the sputtering
were respectively adjusted toDC 200 w, and 6 minutes 15
seconds, to thereby form a Pt film having a thickness of 50 nm.

Subsequently, the substrate on which the Pt film had been
formed was immersed in N-methylpyrrolidone toremove
unwanted parts of Pt together with the resists, tothereby obtain
intended shape Pt source electrode and Pt drain electrode.
-Preparation of Semiconductor Ink for Inkjet Printing-

In 10 mL of ethylene glycol, 2.42 g (corresponding to 10
mmol) of copper nitrate trihydrate was dissolved to thereby
prepare a copper raw material solution. Moreover, 2.29 g
(corresponding to 10 mmol) of antimony chloride was dissolved in
10 mL of ethylene glycol to thereby prepare an antimony raw
material solution.

Ethylene glycol (2.25 mL), ethylene glycol monobuty!
ether (4.5 mL), the copper raw material solution (2 mL), and the
antimony raw material solution (0.25 mL) were mixed and stirred
tothereby prepare asemiconductor ink for inkjet printing (Cu-Sb
semiconductor ink). The ratio of Cu moles in the ink and the Sb

moles in the ink (Sb/Cu molar ratio) was 12.5%.
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-Formation of Active Layer-

The Cu-Sb semiconductor ink (Sb/Cu molar‘ ratio- 12.5%)
was applied onto an intended area of the substrate on which the
source-drain electrode had been formed by means of an inkjet
equipment. After drying the ink for 1 hour at 120°C, the ink was
baked for 3 hours at 250 °C while applying light emitted from an
excimer lamp (wavelength- 222 nm), to thereby form a Cu-Sb
oxide film (Sb/Cu molar ratio: 12.5%) having athickness of 52
nm.

Finally, annealing was performed at 300 °C for 1 hour to
thereby produce a field-effect transistor.

The microscopic photograph of the channel area of the

field-effect transistor is depicted in FIG. 25. The space between

~ the source electrode 23 and the drain electrode 24 was a channel

length, which was 50 yn. A channel width was defined with a
width of the active layer 22 applied in the shape of alongitudina
line, and in the field-effect transistor of the photograph, the
channél width was 37 pm.
<Evauation>

The transfer characteristics (vds = -20Vv) of the field-effect
transistor produced in Example 10 was measured, and the result
thereof showed the excellent p-type characteristic of a normally
off type. In Example 10, the field-effect transistor was produced
by a ssimpler method, without patterning in alater step, asthe
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Cu-Sb oxide film (Sb/Cu molar ratio: 12.5%) was formed only in
the intended area by inkjet printing in Example 10, comparing to
Example 9 where the Cur Sb oxide film (Sb/Cu molar ratio: 2.5%)
was formed by spin coating, followed by processing the film to
have an intended shape by wet etching.
(Examples 11 to 17)
<Preparation of Cu-Sn oxide(amorphous) film>

Inks for Cu-Sn oxide (compositions for producing a p-type
oxide), each of which had the formulation and Sn/Cu molar ratio
depicted in Table 3, were prepared.  Specifically, a copper
neodecanoate (8.28% by mass) toluene solution and atin 2-ethyl
hexanoate (27.83% by mass) toluene solution were blended in
accordance with the formulation depicted in Table 3 sothat a
ratio of Cu moles in aresulting ink to Sn moles in the resulting
Ink (Sn/Cu molar ratio) was to be 2.5%, 6.3%, 12.5%, 18%, 25%,
50%, and 100%, respectively, tothereby prepare 7 different inks
for Cu-Sn oxide (compositions for producing a p-type oxide).
Note that, 0.5 mL of toluene was added to the formulation
depicted in Table 3.

Next, the ink for Cu-Sn oxide was applied onto a glass
substrate by spin coating. After drying the ink for 1 hour at
120°C, the ink was baked for 3 hours at 250°C while applying

light emitted from an excimer lamp (wavelength: 222 nm) in a
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flow of oxygen gas, tothereby form a Cu-Sn oxide film (p-type

oxide film).
Table 3
Sn/Cu copper tin 2-ethyl film volume
molar | neodecanoate hexanoate thickness | resistivity
ratio | (8.28 mass%) |(27.83 mass%) [nm] [Qcm]
[%] toluene toluene
solution solution
[mL] [mL]
Ex. 11 2.5 0.153 0.0017 47.2 5.61E+00
Ex. 12 6.3 0.153 0.0043 49.6 2.51E+01
Ex. 13| 12.5 0.153 0.0085 46.2 6.53E+01
Ex. 14 18 0.153 0.012 48.6 9.53E+02
Ex. 15 25 0.153 0.017 42.6 1.52E+05
Ex. 16 50 0.153 0.034 55.1 1.44E+07
Ex. 17 100 0.153 0.068 114.7 3.06E+06

10

Note that, in Table 3, E denotes "the exponent of 10."

For

example, "1.0E + 01" represents "10," and "1.0E + 02" represents

"100."

(Comparative Example 3)

<Production of Cu-Sn Oxide (Crystal)>

E depicted in Table 4, FIGs. 16 and 36 denotes the same.

A Cu-Sn oxide film (Sn/Cu molar ratio: 2.5%) prepared in

the same manner asin Example 11 was heated at 300°C for 1 hour

In ambient atmosphere.

Table 4

Sn/Cu
molar ratio

Conditions for heat
treatment

Film
thickness
[nm]

Volume
resistivity
[Qcm]

Comp.
Ex. 3

2.5

300°C for 1 hour in
atmosphere

45.0

2.10E+13

15

The oxide films obtained in Examples 11to 17 and
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Comparative Example 3 were each subjected to a measurement of
athickness (film thickness) and a measurement of volume
resistivity in the same manner asin Example 1. Further, the
oxide films were each subjected to X-ray diffraction analysis.

The results of the film thickness and volume resistivity
are presented in Tables 3 and 4.

The relationship between the Sn/Cu molar ratio and
(volume) resistivity depicted in Table 3is presented in FIG. 26.

The results of the X-ray diffraction measurements of the
p-type oxide of Example 11 are depicted in FIG. 27. The results
of the X-ray diffraction measurements of the p-type oxide of
Example 12 are depicted in FIG'. 28. The results of the X-ray
diffraction measurements of the p-type oxide of Example 13 are
depicted in FIG. 29. The results of the X-ray diffraction
measurements of the p-type oxide of Example 14 are depicted in
FIG. 30. The results of the X-ray diffraction measurements of
the p-type oxide of Example 15 are depicted in FIG. 31. The
results of the X-ray diffraction measurements of the p-type oxide
of Example 16 are depicted in FIG. 32. The results of the X-ray
diffraction measurements of the p-type oxide of Example 17 are
depicted in FIG. 33. The results of the X-ray diffraction
measurements of the p-type oxide of Comparative Example 3 are

depicted in FIG. 34.
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No diffraction peak was found in all of the 7 samples of
Examples 11 to 17, and therefore it was confirmed that these
Cu-Sn oxide films were each in the state of amorphous.

Severa diffraction peaks were found from the results of
the X-ray diffraction measurements performed on the sample of
Comparative Example 3, and it was found from the angle (20
thereof that CuO crystals were present in the oxide of
Comparative Example 3. It isconsidered that oxygen has taken
into the film during the heating treatment to thereby generate
CuO.

The p-type oxide film of the present invention can be used
various semiconductor elements, but properties (resistivity)
required for a semiconductor in the semiconductor element
generally vary depending on types and characteristics of the
semiconductor element. Therefore, the value of the Sn/Cu molar
ratio can be appropriately selected depending on the intended
purpose.

The Current-voltage (I-V) characteristics measured
between the Au electrodes of the sample of Comparative Example
3 did not exhibited alinear relation ship, and the sample had
high resistance, i.e., volume resistivity of 103 @cm or higher. It
is considered that sufficient electric conductivity was not
obtained because alarge amount of CuO crystals, in which Cu

was divalent, was contained in the film.
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Specifically, the crystalline Cu-Sn oxide has not been able
to control p-type electric conductivity.
(Example 18)
<Production of Cu-Sn Oxide Film (Amorphous)>

In 10 mL of ethylene glycol, 2.42 g (corresponding to 10
mmol) of copper nitrate trihydrate was dissolved to thereby
prepare a copper raw material solution. Moreover, 1.9 g
(corresponding to 10 mmol) of tin chloride was dissolved in 10 mL
of propylene glycol to thereby prepare atin raw material
solution.

The copper raw material solution (5 mL) and the tin raw
material solution (0.9 mL) were mixed and stirred to thereby
prepare anink for Cu-Sn oxide. The ratio of Cu moles in the ink
and Sn moles in the ink (Sn/Cu: molar ratio) was 18%.

Next, a glass substrate was coated with the ink for Cu-Sn
oxide by spin coating. After drying the ink at 120 °c for 1 hour,
the ink was baked at 250 °C for 3 hours while applying light
emitted from an excimer lamp (wavelength™ 222 nm) in a flow of
oxygen gas, to thereby form a Cu-Sn oxide film (p-type oxide film).
The Sn/Cu molar ratio in the obtained film was 18%, and the film
having the same composition to that of Example 14 was formed.

The film thickness and volume resistivity of the film was
measured in the same manner asin Example 11. Asaresult, the

film thickness was 98 nm, and the volume resistivity was 1.12 x
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103Qcm. It was confirmed that the volume resistivity of the film
was similar tothe volume resistivity (9.53 x 102 Qcm) of the
p-type film of Example 14. Accordingly, it was confirmed that,
even in the case where different types of the Cu-containing
compound, Sn-containing compound, and solvent are used during
the formulation of the ink, the p-type oxide film having the
substantially similar electric conductive characteristics could be
obtained aslong asthe molar ratio of Cu and Sn was the same.

The results of the X-ray diffraction measuvrements
performed on the film obtained in Example 18 are presented in
FIG. 35. Aspresented in FIG. 35, it was confirmed that the film
obtained in Example 18 was also in the state of amorphous.
(Example 19)
<Production of PN-Junction Diode>
-Preparation of Substrate-

As for a substrate, non-alkali glass substrate (plate
thickness® 0.7 mm) was used. The glass substrate was washed
by ultrasonic cleaning using a neutral detergent, pure water, and
isopropyl alcohol. After drying the substrate, the substrate was
further subjected to a UV-ozone treatment at 90 °C for 10
minutes.

-Formation of Cathode-
On the glass substrate, Al was deposited to a thickness of

100 nm through a metal mask by vapor deposition, to thereby
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form a cathode.
-Formation of N-Type Semiconductor Layer-

On the cathode, a Mg-In oxide film was formed by radio
frequency sputtering through a metal mask. Asatarget, a
polycrystalline sintered body (size (diameter): 4 inches) having a
composition of In2MgO, was used. The ultimate pressure in the
sputtering chamber was set to 2 x 10-°Pa. The flow rates of
argon gas and oxygen gas during the sputtering were controlled
to achieve the total pressure of 1.0 Pa, and oxygen partial
pressure of 6.0 X 1 02 Pa. The temperature of the substrate was
not particularly controlled during the sputtering.  The power
and duration of the sputtering were respectively adjusted to 150
w, and 15 minutes, to thereby form a Mg-In oxide film having a
thickness of 160 nm.

-Formation of P-Type Semiconductor Layer-

On the n-type semiconductor layer, a Cu-Sn oxide film
(Sn/Cu molar ratio: 12.5%) was formed in the same manner asin
Example 13. The thickness of Cu-Sn oxide film was 45.5 nm.
-Formation of Anode-

On the p-type semiconductor layer, Au was deposited to a
thickness of 100 nm through a metal mask by vapor deposition, to
thereby form an anode.

By the processes described above, apn-junction diode was

obtained.
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<Evaluation>

The current-voltage (1-V) characteristics of the diode
obtained in Example 19 were measured. The result is presented
in FIG. 36. It was found from the result that atypical
rectification was obtained.  Specifically, the result exhibited
that the pn-junction diode could be realizéd by using the p-type
oxide of the present invention asthe active layer.

(Example 20)

<Production of Field-Effect Transistor>

-Preparation of Substrate (Gate Electrode, Gate Insulating
Layer) -

As for a substrate, a Si substrate with athermally
oxidized film (thickness® 200 nm) was used. The Si substrate
was washed by ultrasonic cleaning using neutral detergent, pure
water, and isopropyl acohol. After drying the substrate, a
UV-ozone treatment was further performed on the substrate at 90
°Cc for 10 minutes. Note that, the thermally oxidized filmisa
gate insulating layer, and the Si substrate is a gate electrode.
-Formation of Active Layer-

The ink for Cu-Sn oxide film (Sn/Cu molar ratio: 2.5%)
produced in Example 11 was applied onto the substrate by spin
coating. After drying the ink at 120 °cC for 1 hour, the ink was
baked at 250 °c for 3 hours while applying light emitted from an

excimer lamp (wavelength: 222 nm) in a flow of oxygen gas, to
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thereby form a Cu-Sn oxide film (Sn/Cu molar ratio: 2.5%) having
the average thickness of 49 nm.

Thereafter, a photoresist was applied thereon, and the
coated photoresist was subjected to prebake, exposure by an
exposure equipment, and developing, to thereby form aresist
pattern having the same pattern as an active layer to be formed.
Moreover, the Cu-Sn oxide film in the area on which the resist
pattern was not formed was removed by wet etching, followed by
removing the resist pattern, tothereby form an active layer.
-Formation of Source Electrode and Drain Electrode-

On the active layer, Cr was deposited to athickness of 1
nm, followed by depositing Au toathickness of 100 nm, through a
metal mask by vapor deposition tothereby form a source
electrode and a drain electrode. The channel length thereof was
50 pm, and the channel width thereof was 0.4 mm.
<Evauation>

The trénsfer characteristics (vds = -20v) of the field-effect
transistor produced in Example 20 was measured, and the result
thereof showed the excellent p-type characteristic of a normally
of f type.

(Example 21)
<Production of Field-Effect Transistor>
-Preparation of .Substrate (Gate Electrode, Gate Insulating

Layer)-
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As for a substrate, a Si substrate with a thermally

oxidized film (thickness- 200 nm) was used. The Si substrate
was washed by ultrasonic cleaning using neutral detergent, pure
water, and isopropyl acohol. After drying the substrate, a
UV-ozonetreatment was further performed on the substrate at 90
°Cc for 10 minutes. Note that, the thermally oxidized filmis a
gate insulating layer, and the Si substrate is a gate electrode.
-Formation of Source Electrode and Drain Electrode-

| On the Si substrate with the thermally oxidized film,
hexamethyldisilazane (HM DS) was applied by spin coating,
followed by a drying process, to thereby give a hydrophobing
treatment to the surface of the substrate.  Subsequently, an
under layer resist for lift-off was formed by spin coating and a
drying process. On the under layer resist, a photosensitive
photoresist was formed by spin coating and a drying process.
After patterning the resist through exposure via a photo mask
and developing, afilm of Pt, which was an electrode material, was
formed by DC sputtering.  As for atarget, Pt (size (diameter): 4
inches) was used. The ultimate pressure in the sputtering
chamber‘ was set to IXIO-3Pa.  During the sputtering, a flow of
argon gas was supplied, and the pressure was set to 0.35 Pa.
The temperature of the substrate was not particularly controlled

during the sputtering. The power and duration of the sputtering
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were respectively adjusted toDC 200 w, and 6 minutes and 15
seconds, to thereby form a Pt film having a thickness of 50 nm.

Subsequently, the substrate on which the Pt film had been
formed was immersed in N-methylpyrrolidone to remove
unwanted parts of Pt together with the resists, tothereby obtain
intended shape Pt source electrode and Pt drain electrode.
-Preparation of Semiconductor Ink for Inkjet Printing-

In 10 mL of ethylene glycol, 2.42 g (corresponding to 10
mmol) of copper nitrate trihydrate was dissolved to thereby
prepare a copper rav material solution. Moreover, 1.90 g
(corresponding to 10 mmbl) of tin chloride was dissolved in 10 mL
of ethylene glycol tothereby prepare atin raw material solution.

Ethylene glycol (2.25 mL), ethylene glycol monobutyl
ether (4.5 mL), the copper raw material solution (2 mL), and the
tin raw material solution (0.25 mL) were mixed and stirred to
thereby prepare a semiconductor ink for inkjet printing (Cu-Sn
semiconductor ink). The ratio of Cu moles in the ink and the Sn
moles in the ink (Sn/Cu molar ratio) was 12.5%.

-Formation of Active Layer-

The Cu-Sn semiconductor ink (Sn/Cu molar ratio: 12.5%)
was applied onto an intended area of the substrate on which the
source-drain electrode had been formed by means of an inkjet
equipment. After drying the ink for 1 hour at 120 °C, the ink

was baked for 3 hours at 250 °C while applying light emitted from
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an excimer lamp (wavelength: 222 nm), to thereby form a Cu-Sn
oxide film (Sn/Cu molar ratio- 12.5%) having a thickness of 48
nm.

Finally, annealing was performed at 300 °C for 1 hour to
thereby produce a field-effect transistor.

The microscopic photograph of the channel area of the
field-effect transistor is depicted in FIG. 37. The space between
the source electrode 23 and the drain electrode 24 was a channel
length, which was 50 ym. A channel width was defined with a
width of the active layer 22 applied in the shape of alongitudinal
line, and in the field-effect transistor of the photograph, the
channel width was 54 um.
<Evaluation>

The transfer characteristics (vds= -20Vv) of the field-effect
transistor produced in Example 21 was measured, and the result
thereof showed the excellent p-type characteristic of a normally
off type. In Example 21, the field-effect transistor was produced
by a smpler method, without patterning in alater step, asthe
Cu-Sn oxide film (Sn/Cu molar ratio®™ 12.5%) was formed only in
the intended area by inkjet printing in Example 21, comparing to
Example 20 where the Cu-Sn oxide film (Sn/Cu molar ratio: 2.5%)
was formed by spin coating, followed by processing the film to
have an intended shape by wet etching.

Embodiments of the present invention are, for example, as
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follows:
<1> A p-type oxide, including:

an oxide,

wherein the oxide includes-

cu; and

an element M, which is selected from p-block elements,
and which can be in an equilibrium state, as being present as an
ion, wherein the equilibrium state is a state in which there are
both a state where all 'of electrons of p-orbital of an outermost
shell are lost, and a state where all of electrons of an outermost
shell are lost, and

wherein the p-type oxide is amorphous.
<2> The p-type oxide according to <1>, wherein the element M
includes Sb, or Sn, or both thereof.
<3> A composition for producing a p-type oxide, which is used
for production of the p-type oxide according to any of <1> or <2>,

the composition for prOduci ng a p-type oxide, induding-

a savent;

a Cu-containing compound; and

an element M-containing compound, where the element M
Is selected from p-block elements, and can be in an equilibrium
state asbeing present as an ion, wherein the equilibrium state is
a state in which there are both a state where all of electrons of

p-orbital of an outermost shell are lost, and a state where all of
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electrons of an outermost shell are lost.
<4> A method for producing the p-type oxide according to any
of <1> or <2>, the method including®

applying a composition on a support; and

performing a heat treatment after the applying,

wherein the composition includes-

a solvent;

a Cu-containing compound; and

an element M-containing compound, where the element M
is selected from p-block elements, and can be in an equilibrium
state asbeing present as an ion, wherein the equilibrium state is
a state inwhich there are both a state where all of electrons of
p-orbital of an outermost shell are lost, and a state where all of
electrons of an outermost shell are lost.
<5> A semiconductor element, including®

| an active layer,

wherein the active layer includes the p-type oxide
according to <1> or <2>,
<6> The semiconductor element according to <5>, wherein the
semiconductor element is a diode, where the diode indudes-

afirst electrode;

a second electrode; and

the active layer formed between the first electrode and the

second €lectrode.
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<7> The semiconductor element according to <5>, wherein the
semiconductor element is a field-effect transistor, where the
field-effect transistor includes:

a gate electrode configured to apply gate voltage!

a source electrode and a drain dectrode both configured to
extract electric current;

the active layer formed between the source electrode and
the drain electrode! and

a gate insulating layer formed between the gate electrode
and the active layer.
<8> Adisplay element, compriéing-—

alight control element whose light output is controlled
corresponding to a driving signal; and

a driving circuit, which includes the semiconductor
element according to <5>, and which is configured to drive the
light control eIemeht.
<9> The display element according to <8>, wherein the light
control element includes an organic electroluminescent element,
an electrochromic element, aliquid crysta element, an
electrophoretic element, or an electrowetting element.
<10> An image display device, which displays an image
corresponding to image data, the image display device including-

aplurality of the display elements each according to <8>,

which are arranged in amatrix;
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aplurality of lines configured to separately apply gate
voltage and signal voltage to each field-effect transistor in each
of the display elements; and

a display control device configured toindividually control
the gate voltage and the signal voltage of each field-effect
transistor through the lines, corresponding to the image data.
<11> A system, including:

the image display device as according to <10>; and

an image data forming device configured to form the image
data based upon image information to be displayed, and output
the image data to the image display device.

Reference Signs List
2: cathode
3: n-type semiconductor layer
4 p-type semiconductor layer
5- anode
6- pn-junction diode
10: field-effect transistor
20: field-effect transistor
22: active layer
23: source electrode
24: drain electrode

25: gate insulating layer
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26: gate electrode
40: field-effect transistor
302, 302" display element
310: display
320, 320" driving circuit
370~ liquid crystal element

400- display control device

79



10

15

20

WO 2013/081169 PCT/JP2012/081429
CLAIMS

1. A p-type oxide, comprising:

an oxide,

wherein the oxide comprises:

Cu; and

an element M, which is selected from p-block elements,
and which can be in an equilibrium state, as being present as an
ion, wherein the equilibrium state is a state in which there are
both a state where all of electrons of p-orbital of an outermost
shell are lost, and a state where all of electrons of an outermost
shell are lost, and

wherein the p-type oxide is amorphous.
2. The p-type oxide according to claim 1, wherein the element
M comprises Sh, or Sn, or both thereof.
3. A composition for producing a p-type oxide, Which Is used
for production of the p-type oxide according to any of claim 1or 2,

the composition for producing a p-type oxide, comprising:

a solvent;

a Cu-containing compound! and

an element M-containing compound, where the element M
is selected from p-block elemerits, and can be in an equilibrium
state asbeing present as an ion, wherein the equilibrium state is
a state in which there are both a state where all of electrons of

p-orbital of an outermost shell are lost, and a state where all of
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electrons of an outermost shell are lost.
4, A method for producing the p-type oxide according to any
of clam 1or 2, the method comprising:

applying a composition on a support,” and

performing a heat treatment after the applying,

wherein the composition comprises:

a solvent; |

a Cu-containing compound! and

an element M-containing compound, where the element M
is selected from p-block elements, and can be in an equilibrium
state asbeing present as an ion, wherein the equilibrium state is
a state in which there are both a state where all of electrons of
p-orbital' of an outermost shell are lost, and a state where all of
electrons of an outermost shell are lost.
5. A semiconductor element, comprising:

an active layer,

wherein the active layer comprises the p-type oxide
according to any of clam lor 2. |
6. The semiconductor element according to claim 5, wherein
the semiconductor element is a diode, where the diode comprises:

afirst electrode;

a second electrode; and

the active layer formed between the first electrode and the

~second electrode.
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7. The semiconductor element according to clam 5, wherein
the semiconductor element is a field-effect transistor, where the
field-effect transistor comprises:

a gate electrode configured to apply gate voltage!

a source electrode and a drain electrode both configured to
extract electric current;

the active layer formed between the source electrode and
the drain electrode! and

a gate insulating layer formed between the gate electrode
and the active layer.
8. A display element, comprising-

alight control element whose light output is controlled
corresponding to adriving signal; and

a driving circuit, which comprises the semiconductor
element according to clam 5, and which is configured to drive the
light control element.
Q. The display element according to claim 8, wherein the
light control element comprises an organic electroluminescent
element, an electrochromic element, aliquid crystal element, an
electrophoretic element, or an electrowetting element.
10.  Animage display device, which displays an image
corresponding to image data, the image display device
comprising:

aplurality of the display elements each according to claim
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8, which are arranged in a matrix,

a plurality of lines configured to separately apply gate
voltage and signal voltage to each field-effect transistor in each
of the display elements; and

a display control device configured to individually control
the gate voltage and the signal voltage of each field-effect
transistor through the lines, corresponding to the image data.

11. A system, comprising-

the image display device according to claim 10; and

an image data forming device co'nfigured toform the image
data based upon image information to be displayed, and output
the image data to the image display device.
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