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(57) ABSTRACT

An electrode is provided that is economically produced and
capable of efficiently injecting holes. Also provided are a
method to form an electrode that is capable of easily
manufacturing such an electrode, a highly reliable thin-film
transistor, an electronic circuit using this thin-film transistor,
an organic electroluminescent element, a display, and elec-
tronic equipment. A thin-film transistor is a top-gate thin-
film transistor. The thin-film transistor includes a source
electrode and a drain electrode that are placed separately
from each other. The thin-film transistor also includes an
organic semiconductor layer that is laid out between the
source electrode and the drain electrode, and a gate insulat-
ing layer that is provided between the organic semiconduc-
tor layer and a gate electrode. This structure is mounted on
a substrate. Each of the source electrode and the drain
electrode is composed of two layers, that is, an underlying
electrode layer and a surface electrode layer. The surface
electrode layer includes an oxide containing at least one of
Cu, Ni, Co, Ag.
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ELECTRODE, METHOD FOR FORMING AN
ELECTRODE, THIN-FILM TRANSISTOR,
ELECTRONIC CIRCUIT, ORGANIC
ELECTROLUMINESCENT ELEMENT, DISPLAY,
AND ELECTRONIC EQUIPMENT

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an electrode, a
method to form an electrode, a thin-film transistor, an
electronic circuit, an organic electroluminescent element, a
display, and electronic equipment.

[0003] 2. Description of Related Art

[0004] Related art organic thin-film field-effect transistors
using organic semiconductor materials may be potential
substitutions for thin-film field-effect transistors using inor-
ganic materials represented by silicon. Typical related art
organic thin-film transistors have a structure using gold for
their source and drain electrodes, as described in Rogers et
al. 24 Apr. 2001. Proceedings of the National Academy of
Sciences. Yol. 98. No. 948354840, for example.

[0005] Specifically, a thin-film transistor described in
Rogers et al. 24 Apr. 2001. Proceedings of the National
Academy of Sciences. Vol. 98. No. 948354840 has a struc-
ture in which a gate electrode is formed by etching indium
tin oxide (ITO) by photolithography on a polyethylene
terephthalate substrate and a gate insulating layer is made of
organic siloxane and silicon nitride. Then, a gold thin film is
formed by vapor deposition and patterned by microcontact
printing, so as to form source and drain electrodes. Subse-
quently, an organic semiconductor layer (p-type organic
semiconductor layer) is formed by vapor deposition, which
completes the transistor.

[0006] The organic transistor described in Rogers et al. 24
Apr. 2001. Proceedings of the National Academy of Sci-
ences. Vol. 98, No. 948354840, however, leaves room for
improvement in terms of cost, since the source and drain
electrodes are formed by depositing and etching a costly
gold thin film. If an alternative economical metal, such as
aluminum, is used to form the electrodes, there arises a
problem of lowering transistor properties as a result of a
large barrier at the interface of the source electrode and the
organic semiconductor layer, which results in low efficiency
in injecting carriers (holes).

1. Field of Invention

SUMMARY OF THE INVENTION

[0007] An exemplary aspect of the present invention pro-
vides an electrode that is economically produced and
capable of efficiently injecting holes, a method to form an
electrode that is capable of easily manufacturing such an
electrode, a highly reliable thin-film transistor, an electronic
circuit using this thin-film transistor, a highly reliable
organic electroluminescent element, a display, and elec-
tronic equipment.

[0008] An electrode of one exemplary aspect of the
present invention includes an oxide having at least one of
Cu, Ni, Co on a surface of the electrode, at least on a side
of an organic layer. The organic layer is mainly made of an
organic material and has a function of transporting a hole.
The electrode injects a hole into the organic layer. It is also
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possible to include an oxide not only in the surface but also
all over the electrode. This enables the electrode to be
economically manufactured and to efficiently inject a hole.

[0009] 1In an electrode of another exemplary aspect of the
present invention, a content of the oxide may be 50 wt % or
more in a portion where the oxide is included. This enhances
efficiency in injecting a hole. In an electrode of another
aspect of the present invention, the oxide may include at
least one of Sr, Al, Ga, Li, Na, K, Rb, Cs in addition to Cu,
Ni, Co. This increases electric conductivity and efficiency in
injecting a hole.

[0010] An electrode of another exemplary aspect of the
present invention includes a plurality of layers, and an oxide
including at least one of Cu, Ni, Co in a layer among the
plurality of layers that is closest to an organic layer. The
organic layer is mainly made of an organic material and has
a function of transporting a hole. The electrode injects a hole
into the organic layer. This enables the electrode to be
economically manufactured and efficiently inject a hole.
Here, the plurality of layers may be made up of any number
of layers that is two or more. It may also be three or more
layers. It is also possible to include an oxide in all the
plurality of layers.

[0011] In an electrode of another exemplary aspect of the
present invention, a content of the oxide may be 50 wt % or
more in a layer that is closest to the organic layer. This
enhances efficiency in injecting a hole. In an electrode of
another exemplary aspect of the present invention, the oxide
may include at least one of Sr, Al, Ga, Li, Na, K, Rb, Cs in
addition to Cu, Ni, Co. This increases electric conductivity
and efficiency in injecting a hole.

[0012] In an electrode of another exemplary aspect of the
present invention, among the plurality of layers of the
electrode, a layer that is closest to the organic layer may
have a larger work function than any other layers of the
electrode have. This makes it possible to inject a hole into
the organic layer more efficiently. An electrode of another
exemplary aspect of the present invention may be made up
of two layers, and a layer of the two layers that is on an
opposite side to the organic layer is mainly made of Cu, Ni,
Co, or an alloy including Cu, Ni, Co. This makes it possible
to economically form the electrode and increase adhesive-
ness between the two layers.

[0013] An electrode of another exemplary aspect of the
present invention includes at least one of a metal sulfide and
a metal chloride on a surface of the electrode, at least on a
side of an organic layer. The organic layer is mainly made
of an organic material and has a function of transporting a
hole. The electrode injects a hole into the organic layer. This
enables the electrode to be economically manufactured and
efficiently inject a hole.

[0014] An electrode of another exemplary aspect of the
present invention includes a plurality of layers, and at least
one of a metal sulfide and a metal chloride in a layer among
the plurality of layers that is closest to an organic layer. The
organic layer is mainly made of an organic material and has
a function of transporting a hole. The electrode injects a hole
into the organic layer. This enables the electrode to be
economically manufactured and efficiently inject a hole.

[0015] In an electrode of another exemplary aspect of the
present invention, the metal sulfide may be mainly a metal
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sulfide including Cu. This further enhances efficiency in
injecting a hole. In an electrode of another exemplary aspect
of the present invention, the metal chloride may be mainly
a metal chloride including Ag. This further enhances effi-
ciency in injecting a hole.

[0016] A method to form an electrode of one exemplary
aspect of the present invention includes forming a metal film
that is mainly made of Cu, Ni, Co, or an alloy including Cu,
Ni, Co; and oxidizing a surface of the metal film by
providing an oxidization treatment to the metal film. This
makes it possible to easily and reliably form an electrode
that is capable of efficiently injecting a hole into an organic
layer.

[0017] In amethod to form an electrode of another exem-
plary aspect of the present invention, the oxidization treat-
ment may be plasma treatment performed in an atmosphere
including oxygen. This makes it possible to provide an oxide
evenly around the surface of the electrode. In a method to
form an electrode of another exemplary aspect of the present
invention, the plasma treatment may be performed at an
atmospheric pressure. This makes it possible to form the
electrode easier and economically. In a method for forming
an electrode of another exemplary aspect of the present
invention, the metal film may be formed by plating. This
makes it possible to form the electrode more accurately. In
a method to form an electrode of another exemplary aspect
of the present invention, the plating may be electroless
plating. This makes it possible to easily and reliably form the
electrode of a desired composition.

[0018] A thin-film transistor of one exemplary aspect of
the present invention includes a source electrode including
the electrode of an exemplary aspect of the present inven-
tion, and an organic semiconductor layer as the organic layer
that is mainly made of a p-type organic semiconductor
material. This makes it possible to provide a highly reliable
thin-film transistor. A thin-film transistor of another exem-
plary aspect of the present invention includes a source
electrode formed by a method to form an electrode of an
exemplary aspect of the present invention, and an organic
semiconductor layer as the organic layer that is mainly made
of a p-type organic semiconductor material. This makes it
possible to provide a highly reliable thin-film transistor.

[0019] A thin-film transistor of one exemplary aspect of
the present invention includes an organic semiconductor
layer that is mainly made of a p-type organic semiconductor
material, and a source electrode that injects a hole into the
organic semiconductor layer. The source electrode includes
an oxide including Ag at least on a side of the organic
semiconductor layer. This makes it possible to provide a
highly reliable thin-film transistor.

[0020] A thin-film transistor of another exemplary aspect
of the present invention includes an organic semiconductor
layer that is mainly made of a p-type organic semiconductor
material, and a source electrode that injects a hole into the
organic semiconductor layer. The source electrode includes
a plurality of layers, and an oxide including Ag in a layer
among the plurality of layers that is closest to the organic
semiconductor layer. This makes it possible to provide a
highly reliable thin-film transistor.

[0021] In a thin-film transistor of another exemplary
aspect of the present invention, the organic semiconductor
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material may be mainly made of a polymer organic semi-
conductor material. This enhances the property (switching
property) of the thin-film transistor. In an thin-film transistor
of another exemplary aspect of the present invention, the
source electrode may directly contact with the organic
semiconductor layer. This increases efficiency in injecting a
hole into the organic semiconductor layer.

[0022] An electronic circuit of one exemplary aspect of
the present invention includes a thin-film transistor of an
exemplary aspect of the present invention. This makes it
possible to provide a highly reliable electronic circuit. An
organic electroluminescent element of one exemplary aspect
of the present invention includes an anode including an
electrode of an exemplary aspect of the present invention
and an organic electroluminescent layer including the
organic layer. This makes it possible to provide a highly
reliable organic electroluminescent element. A display of
one exemplary aspect of the present invention includes an
electronic circuit of an exemplary aspect of the present
invention. This makes it possible to provide a highly reliable
display.

[0023] A display of another exemplary aspect of the
present invention includes an organic electroluminescent
element of an exemplary aspect of the present invention.
This makes it possible to provide a highly reliable display.
Electronic equipment of one exemplary aspect of the present
invention includes the display of an exemplary aspect of the
present invention. This makes it possible to provide highly
reliable electronic equipment.

[0024] The present invention provides an electrode that is
economically manufactured and efficiently injects a hole.
The present invention also provides a highly reliable thin-
film transistor, electronic circuit, organic electroluminescent
element, display, and electronic equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG.1 s a schematic showing a thin-film transistor
according to a first exemplary embodiment of the present
invention;

[0026] FIG. 2(a)-(d) are schematics illustrating a method
for manufacturing the thin-film transistor shown in FIG. 1;

[0027] FIGS. 3(e)-3(f) are schematics illustrating the
method for manufacturing the thin-film transistor shown in
FIG. 1;

[0028] FIG. 4 is a schematic showing a thin-film transistor
according to a second exemplary embodiment of the present
invention;

[0029] FIGS. 5(a)-5(c) are schematics illustrating the
method for manufacturing the thin-film transistor shown in
FIG. 4;

[0030] FIG. 6 is a schematic showing a thin-film transistor
according to a third exemplary embodiment of the present
invention;

[0031] FIG. 7 is a schematic showing a thin-film transistor
according to a fourth exemplary embodiment of the present
invention;

[0032] FIG. 8 is a schematic showing an organic EL
element according to an exemplary embodiment of the
present invention;
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[0033] FIG. 9 is a schematic showing an electrophoretic
display device to which a display of an exemplary aspect of
the present invention is applied;

[0034] FIG. 10 is a schematic showing the structure of an
active matrix device included in the electrophoretic display
device shown in FIG. 9;

[0035] FIG. 11 is a schematic showing electronic paper to
which electronic equipment of an exemplary aspect of the
present invention is applied; and

[0036] FIGS. 12(a) and 12(b) show a display to which
electronic equipment of an exemplary aspect of the present
invention is applied.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0037] An electrode, a method to form an electrode, a
thin-film transistor, an electronic circuit, an organic elec-
troluminescent (EL) element, a display, and electronic
equipment of exemplary embodiments of the present inven-
tion will be described in greater detail with reference to the
accompanying drawings.

[0038]

[0039] First, a thin-film transistor having an electrode of
an exemplary aspect of the present invention will be
described.

[0040]

[0041] Athin-film transistor according to a first exemplary
embodiment of the present invention will now be described.

[0042] FIG. 1is a schematic showing a thin-film transistor
according to the first exemplary embodiment of the present
invention. FIGS. 2(a)-2(d) and 3(e) and 3(f) are schematics
illustrating a method to manufacture the thin-film transistor
shown in FIG. 1.

[0043] A thin-film transistor 1 shown in FIG. 1 is a
top-gate thin-film transistor. The thin-film transistor 1
includes a source electrode 20a and a drain electrode 20b
that are placed separately from each other. The thin-film
transistor 1 also includes an organic semiconductor layer 30
that is laid out between the source electrode 20a and the
drain electrode 20b, and a gate insulating layer 40 that is
provided between the organic semiconductor layer 30 and a
gate electrode 50. This structure is mounted on a substrate
10.

[0044] Each element will now be described in greater
detail. The substrate 10 supports each layer (each element)
making up the thin-film transistor 1. Examples of the mate-
rial of the substrate 10 include glass substrates; plastic
substrates (resin substrates) containing polyethylene tereph-
thalate (PET), polyethylene naphthalate (PEN), polyether-
sulphone (PES), aromatic polyester (liquid crystal polymer),
polyimide (PI), or the like; quartz substrates; silicon sub-
strates, metal substrates; and gallium arsenide substrates.

[0045] In order to provide flexibility to the thin-film
transistor 1, the substrate 10 may be a plastic substrate or a
thin metal substrate whose thickness is comparatively small.
Provided on the substrate 10 is the source electrode 20a and
the drain electrode 20b. Of these electrodes, the source
electrode 20a corresponds to the electrode of an exemplary

Thin-Film Transistor

First Exemplary Embodiment
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aspect of the present invention to inject holes into the
organic semiconductor layer 30, which will be described in
greater detail later.

[0046] Each of the source electrode 20a and the drain
electrode 20b is composed of multiple layers (two layers,
that is, an underlying electrode layer 21 and a surface
electrode layer 22 in the present exemplary embodiment).
The underlying electrode layer 21 (base) may be made of
various types of metal materials or conductive oxide mate-
rials, and is preferably made of mainly Cu, Ni, Co, an alloy
containing the above-mentioned, Ag, or an alloy containing
Ag. Since these metal materials are comparatively economi-
cal, using them can reduce the manufacturing cost of the
thin-film transistor 1.

[0047] As will be described later, if the surface electrode
layer 22 is made of an oxide containing at least one of Cu,
Ni, and Co, or containing Ag, using the underlying electrode
layer 21 made of mainly Cu, Ni, Co, an alloy containing the
above-mentioned, Ag, or an alloy containing Ag, can
enhance adhesion between the underlying electrode layer 21
and the surface electrode layer 22. If the surface electrode
layer 22 is made of a metal sulfide or metal chloride, using
the underlying electrode layer 21 made of mainly the metal
included in the metal sulfide or metal chloride or an alloy
containing the metal, can also enhance adhesion between the
underlying electrode layer 21 and the surface electrode layer

[0048] The surface electrode layer 22, which is the closest
layer to the organic semiconductor layer 30, is provided so
as to cover the underlying electrode layer 21. The surface
electrode layer 22 is made of at least one of the following:
an oxide containing at least one of Cu, Ni, and Co, or an
oxide containing Ag; and a metal sulfide or metal chloride.
Examples of the oxide may be one of the following or a
combination of two or more of them: Cu oxides represented
by Cu(Il), .0 (0=x<1) or Cu(I), ;O (0=x<1), Ni oxides
represented by Ni; O (0=x<1), Co oxides represented by
Co, O (0=x<1), Ag oxides represented by Ag(Il), O
(0=x<1) or Ag(D), O (0=x<l), and complex oxides
containing at least one element from Sr, Al, Ga, Li, Na, K,
Rb, and Cs to be added to the above-mentioned oxides in
addition to the already contained Cu, Ni, and Co.

[0049] 1In general, metal materials with high work func-
tions are expensive, and conversely, economical metal mate-
rials tend to have low work functions. Moreover, oxides
(metal compounds) usually have larger work functions than
individual metals contained in the oxides have. Accordingly,
using the surface electrode layer 22 made of the oxides can
make it easy to set a larger work function for the surface
electrode layer 22, which is an oxide-containing layer, than
that of the underlying electrode layer 21, while using an
economical material for the underlying electrode layer 21.
This makes it possible to provide the source electrode 20a
capable of efficiently injecting holes into the organic semi-
conductor layer 30 without increasing cost.

[0050] Oxides have low activity to organic materials, that
is, the action of altering or deteriorating organic materials,
compared to individual metals contained in the oxides.
Therefore, it is also possible to prevent an organic layer (the
organic semiconductor layer 30 according to the present
exemplary embodiment), coming in contact with the source
electrode 20 and the drain electrode 20b, from being altered
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and deteriorated, and thereby increasing the durability of the
thin-film transistor 1. Moreover, the complex oxides con-
taining at least one element from Sr, Al, Ga, Li, Na, K, Rb,
and Cs in addition to Cu, Ni, or Co are capable of densely
and accurately controlling holes as carriers. This enables the
thin-film transistor 1 to inject holes with high electric
conductivity more accurately. The same can be said for
sulfides and chlorides as well as the oxides. The above-
mentioned advantages can be achieved by using the surface
electrode layer 22 containing at least one of sulfides and
chlorides.

[0051] Among others, those mainly containing sulfides,
including Cu and those mainly containing chlorides includ-
ing Ag, may be used as the sulfides and chlorides, respec-
tively. Using them enables the source electrode 20z to inject
holes more efficiently. Examples of the sulfides containing
Cu may be one of the following materials or a combination
of two or more of them: Cu(Il), .S (0=x<1), Cu()y(; S
(0=x<1), and complex sulfides containing at least one
clement from Sr, Al, Ga, Li, Na, K, Rb, and Cs in addition
to Cu.

[0052] Examples of the chlorides containing Ag may be
one of the following materials or a combination of two or
more of them: Ag(Il); ,Cl (0=x<1), Ag(I)5;»Cl (0=x<1),
and complex sulfides containing at least one element from
Sr, Al, Ga, Li, Na, K, Rb, and Cs in addition to Ag.

[0053] The (average) thickness of the surface electrode
layer 22 is not limited, but may be as small and even as
possible. This is because the electric conductivity of the
oxides, sulfides, and chlorides is lower than that of indi-
vidual metals contained in them. Specifically, the (average)
thickness of the surface electrode layer 22 may be within the
range from 0.1 to 50 nm, and preferably from 0.5 to 10 nm.
On one hand, the surface electrode layer 22 that is too thin
may result in failing, to increase efficiency in injecting holes,
and to prevent, an organic layer coming in contact with the
source electrode 20z and the drain electrode 200, from being
altered and deteriorated depending on the content of the
oxides, sulfides, and chlorides. On the other hand, the
surface electrode layer 22 that is too thick may extremely
decrease the conductivity of the source electrode 20a and the
drain electrode 20b.

[0054] The larger amount of the oxides, sulfides, or chlo-
rides contained in the surface electrode layer 22, the better.
Specifically, the content may be 50 wt % or more, and
preferably 75 wt % or more. The surface electrode layer 22
containing the oxides, sulfides, or chlorides, less than the
above-mentioned amount, may result in failing to increase
efficiency in injecting holes and to prevent an organic layer
coming in contact with the source electrode 20a and the
drain electrode 20b from being altered and deteriorated
depending on the thickness of the surface electrode layer 22.
The (average) thickness of the source electrode 20z and the
drain electrode 20) is not limited, but may be within the
range from 10 to 2000 nm, and preferably from 50 to 1000
nm.

[0055] The organic semiconductor layer 30, which is an
organic layer having a function of transporting holes, is
provided so as to come in contact with the source electrode
204 and the drain electrode 20b. The organic semiconductor
layer 30 is mainly made of a p-type organic semiconductor
material. As the p-type organic semiconductor material, both
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polymer organic semiconductor materials and low-molecu-
lar-weight organic semiconductor materials can be used
here.

[0056] Examples of the polymer organic semiconductor
materials may include the following: poly(3-alkylth-
iophene), poly(3-hexylthiophene) (P3HT), poly(3-octylth-
iophene), poly(2,5-thienylenevinylene) (PTV), poly(p-phe-
nylenevinylene) (PPV), polv(9,9-dioctylfluorene) (PFO),
poly(9,9-dioctylfluorene-co-bis-N,N'-(4-methoxyphenyl)-
bis-N,N'-phenyl-1,4-phenylenediamine) (PFMO), poly(9,9-
dioctylfluorene-co-benzothiadiazole) (BT), fluorine-trially-
lamine copolymer, triallylamine polymer, fluorine-
bithiophene copolymer, such as poly(9,9-dioctylfluorene-
co-bithiophene) (F8T2).

[0057] Examples of the low-molecular-weight organic
semiconductor materials may include the following: C60;
metal phthalocyanines and their substituted derivatives;
acene molecule materials, such as anthracene, tetracene,
pentacene, and hexacene; alpha-oligothiophenes, such as
quarterthiophene (4T), sexithiophene (6T), octithiopene
(8T), dihexylquaterthiophene (DH4T), and dihexyl-
sexithiophene (DH6T).

[0058] As the p-type organic semiconductor material, the
polymer organic semiconductor materials may be used as its
major component. Using the polymer organic semiconduc-
tor materials as the major component of the p-type organic
semiconductor material makes it possible to form the film of
the organic semiconductor layer 30 more easily and eco-
nomically. The (average) thickness of the organic semicon-
ductor layer 30 is not limited, but maybe within the range
from 0.1 to 1000 nm. Preferably, it is from 1 to 500 nm, and
further preferably, it is from 1 to 100 run.

[0059] On the insulating layer 30, the gate insulating layer
40 may be provided. Examples of materials of the gate
insulating layer 40 are any organic and inorganic materials
as long as they are suitable gate insulator materials. These
organic materials may be one of the following materials or
a combination of two or more of them: polymethylmethacry-
late, polyvinylphenol, polyimide, polystyrene, polyvinyl
alcohol, and polyvinyl acetate.

[0060] The inorganic materials may be one of the follow-
ing materials or a combination of two or more of them:
silica, silicon nitride, metal oxides, such as aluminum oxide
and tantalum oxide, metal complex oxides, such as barium
strontium titanate and lead zirconium titanate. The (average)
thickness of the gate insulating layer 40 is not limited, but
may be within the range from 10 to 5000 nm, and more
preferably from 50 to 1000 run. Making the thickness of the
gate insulating layer 40 within these ranges makes it pos-
sible to reduce operation voltages of the thin-film transistor
1, while reliably insulating the source electrode 20a and the
drain electrode 206 from the gate electrode 50. Here, the
gate insulating layer 40 may be made up of either a single
layer or multiple layers.

[0061] The gate electrode 50 is provided on a specific
position on the gate insulating layer 40, that is, correspond-
ing to a region between the gate electrode 20a and the drain
electrode 20b. Materials of the gate electrode 50 are not
limited, and various known electrode materials can be used.
For example, Cr, Al, Ta, Mo, Nb, Cu, Ag, Au, Pd, In, Ni, Nd,
Co, metal materials, such as alloys containing the above-
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mentioned metals, and their oxides can be used. The gate
electrode 50 may also be made of conductive organic
materials.

[0062] The (average) thickness of the gate electrode 50 is
not limited. It may be from 0.1 to 2000 nm, and preferably
from 1 to 1000 nm. With a voltage applied in between the
source electrode 20¢ and the drain electrode 20b of this
thin-film transistor 1, applying a gate voltage to the gate
electrode 50 makes a channel in the organic semiconductor
layer 30 near the interface with the gate insulating layer 40.
As carriers (holes) move in this channel region, a current
flows between the source electrode 20a and the drain
electrode 20b.

[0063] Specifically, when a voltage is applied in between
the source electrode 20z and the drain electrode 205 with no
voltage being applied to the gate electrode 50, only a small
amount of current flows, since there are few carriers in the
organic semiconductor layer 30. When a voltage is applied
to the gate electrode 50, charges are induced in an area of the
organic semiconductor layer 30 that faces the gate insulating
layer 40, and thereby forming a channel or a path of carriers.
If a voltage is applied in between the source electrode 204
and the drain electrode 20 in this state of things, a current
flows through the channel region. Now, a method to manu-
facture the thin-film transistor 1 will be described.

[0064] A first method to manufacture the thin-film tran-
sistor 1 shown in FIG. 1 includes the following: Al to form
the source electrode 20a and the drain electrode 200 on the
substrate 10, A2 to form the organic semiconductor layer 30
so as to cover the source electrode 20g and the drain
electrode 20b, A3 to form the gate insulating layer 40 on the
organic semiconductor layer 30, and A4 to form the gate
electrode 50 on the gate insulating layer 40.

[0065]
[0066] A1-1 Forming an Underlying Electrode Layer

[0067] First, the underlying electrode layer 21 is formed
on the substrate 10 as shown in FIG. 2(a). The underlying
electrode layer 21 is formed, for example, by etching or
liftoff.

Al Forming Source and Drain Electrodes

[0068] When employing etching to form the underlying
electrode layer 21, first a metal film (metal layer) is depos-
ited to a thickness from 10 nm to 10 um on the whole surface
of the substrate 10 by sputtering, vapor deposition, or
plating, for example. Next, a resist layer is formed on the
surface of the metal film by photoresist or microcontact
printing, for example. Then, the metal film is etched and
patterned to have a specific pattern by using the resist layer
as a mask. Alternatively, when employing liftoff to form the
underlying electrode layer 21, a resist layer is first formed so
as to cover the whole area other than a portion where the
underlying electrode layer 21 is to be provided. Then, a
metal film (metal layer) is deposited to a thickness from 10
nm to 10 um on the whole surface of the substrate 10 on the
resist layer side by vapor deposition or plating, for example.
Subsequently, the resist layer is removed.

[0069]

[0070] Next, the surface electrode layer 22, which is a
layer containing an oxide, is provided so as to cover the
underlying electrode layer 21. The surface electrode layer 22
is formed by depositing a material of the surface electrode
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layer 22 on the underlying electrode layer 21, forming a
covering film (covering layer) 220, and then removing
unnecessary portions of the covering film 220.

[0071] The covering film 220 is formed on the substrate 10
of the underlying electrode layer 21 side as shown in FIG.
2(b). Forming the covering film 220 is achieved by laser
ablation, sputtering (e.g. reactive DC magnetron sputtering),
chemical vapor deposition (CVD), or vapor deposition, for
example. Specifically, the covering film 220 containing a Cu
oxide, Ni oxide, Co oxide, or Ag oxide is formed by reactive
DC magnetron sputtering with Cu, Ni, Co, or Ag used as a
target in the following manner.

[0072] Pressure in a chamber before introducing gas in it
(ultimate vacuum) may be 1x107% Pa or less, and preferably
1x1073 Pa or less. The introduced gas may be a mixture of
oxygen gas and inert gas (e.g. argon, helium). Pressure in a
chamber after introducing the gas in it (pressure applied
when forming a film) may be from 0.1 to 10 Pa, and
preferably from 0.5 to 5 Pa. The power of DC may be from
10 to 200 W, and preferably from 20 to 100 W.

[0073] The mixture ratio of oxygen and inert gasses is
appropriately set under the above-mentioned conditions.
This makes it possible to have a desirable mixture ratio of
oxides and metals in the covering film 220 (surface electrode
layer 22). By using sulfur gas, such as hydrogen sulfide
instead of oxygen gas, the covering film 220 containing a
sulfide can be formed. By using chloride gas, such as
hydrogen chloride or chlorine, the covering film 220 con-
taining a chloride can be formed.

[0074] The covering film 220 containing a complex oxide,
such as SrCu,0,, CuAlO,, and CuGaO, as its major com-
ponent may be formed by laser ablation with a complex
oxygen sintered body corresponding to the complex oxygen
to be deposited as a target and with oxygen gas supplied in
the following manner. Pressure in a chamber before intro-
ducing gas in it (ultimate vacuum) may be 1x10™* Pa or Iess,
and preferably 1x107° Pa or less.

[0075] As laser light for irradiation, a pulsed light whose
wavelength is around 150 to 300 nm and whose pulse length
is around from 1 to 30 ns may be used. Specifically, ArF
excimer laser and KrF excimer laser may be used. The
energy density of the laser light may be 1 J/em?® or more, and
preferably around from 2 to 6 J/cm?.

[0076] Pressure in a chamber after introducing the oxygen
gas in it (pressure applied when forming a film) may be from
0.1 to 100 Pa, and more preferably from 1 to 10 Pa. The
covering film 220 containing a chloride may be formed by
distributing power to the underlying electrode layer 21 in a
hydrogen chloride solution, for example, in order to perform
electrolysis and deposit the chloride on the surface of the
underlying electrode layer 21.

[0077] When using a flexible substrate, such as a plastic
substrate as the substrate 10, a process to promote the
crystallization of the covering film 220, for example by light
irradiation, may be performed. Here, when using a solid
substrate, such as a quartz substrate as the substrate 10, the
covering film 220 with high crystallization can be formed by
heating the substrate 10 to reach a temperature from 200 to
800 degrees centigrade to form a film.

[0078] Next, a resist layer having a shape corresponding to
the source electrode 20z and the drain electrode 206 is
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formed, for example, by photolithography or microcontact
printing. This resist layer serves as a mask to remove
unnecessary portions of the covering film 220 as shown in
FIG. 2(c). Thus the surface electrode layer 22 is formed on
the underlying electrode layer 21, and thereby completing
the source electrode 20a and the drain electrode 20b.

[0079] Inorder to remove the covering film 220, one of the
following methods or a combination of two or more of them
can be used: physical etching processes, such as plasma
etching, reactive ion etching, beam etching, photo-assisted
etching; and chemical etching processes, such as wet etch-
ing. This way the source electrode 20a and the drain
electrode 205 are formed that are capable of controlling the
amount of oxides contained in the surface electrode layer 22
with comparative accuracy. This can be achieved by simple
processing, such as controlling the amount of oxides con-
tained in a vapor deposition source and target, or controlling
the amount of oxygen gases introduced into an atmosphere
in which a film is formed. Also by simple processing of
controlling the amount of the sulfur or chloride gas intro-
duced into an atmosphere in which a film is formed, it is
possible to control the amount of sulfides or chlorides
contained in the surface electrode layer 22 with comparative
accuracy. Accordingly, it is possible to easily and accurately
adjust properties, such as work functions of the source
electrode 204 and the drain electrode 20b.

[0080]

[0081] Then, the organic semiconductor layer 30 is
formed so as to cover the source electrode 20 and the drain
electrode 20b as shown in FIG. 2(d). Here, a channel region
is formed in between the source electrode 20a and the drain
electrode 20b. The organic semiconductor layer 30 may be
made of a polymer organic semiconductor material, for
example, by application methods, such as spin coating and
dipping, or printing methods, such as ink jetting and screen
printing.

[0082] The organic semiconductor layer 30 may be made
of a low-molecular-weight organic semiconductor material
that is solubilized by vapor deposition or using a precursor.
Specifically, a coating film is formed by, for example,
application methods, such as spin coating and dipping, or
printing methods, such as ink jetting and screen printing, and
then the coating film is processed by anneal processing.

[0083] The area in which the organic semiconductor layer
30 is formed is not limited to what is described in the
drawing. The organic semiconductor layer 30 may be
formed only in a region (channel region) between the source
electrode 20a and the drain electrode 20b. When providing
more than one thin-film transistor 1 (element) on the same
substrate, this makes it possible to form the organic semi-
conductor layer 30 of each element independently, and
thereby reducing crosstalk among the elements. Also, this
also reduces the amount of the organic semiconductor mate-
rial that is used, and thereby cutting manufacturing cost.

[0084]

[0085] Next, the gate insulating layer 40 is formed on the
organic semiconductor layer 30 as shown in FIG. 3(e). The
gate insulating layer 40 may be formed of an organic
polymer material by applying the organic polymer material
or a solution containing its precursor so as to cover the
organic semiconductor layer 30, and then providing a nec-
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essary treatment (e.g. heating, irradiation of infrared rays,
application of ultrasonic waves) to this coating film.

[0086] The organic polymer material or solution contain-
ing its precursor is applied to the organic semiconductor
layer 30 by the application and printing methods mentioned
in A2. The gate insulating layer 40 may also be formed with
an inorganic material by thermal oxidation, CVD, or spin-on
glass (SOG). It is possible to form a silica film and a silicon
nitride film as the gate insulating layer 40 through wet
processing using polysilazane as a material.

[0087]

[0088] Next, the gate electrode 50 is formed on the gate
insulating layer 40 as shown in FIG. 3(f). First, a metal film
(metal layer) is formed. This can be achieved by the fol-
lowing methods, for example: chemical vapor deposition
(CVD) including plasma CVD, thermal CVD, and laser
CVD; vacuum deposition; sputtering (low-temperature sput-
tering); dry plating, such as ion plating; wet plating includ-
ing electrolytic plating, immersion plating, and electroless
plating; spraying; sol-gel processing; metalorganic deposi-
tion; and joining of metal foil.

[0089] A resist material is applied to the metal film, and
hardened. Thus the resist layer having a shape corresponding
to the gate electrode 50 is formed. This resist layer serves as
a mask to remove unnecessary portions of the metal film. In
order to remove the metal film, one of the following methods
or a combination of two or more of them can be used:
physical etching processes, such as plasma etching, reactive
ion etching, beam etching, photo-assisted etching; and
chemical etching processes, such as wet etching.

A4 Forming a Gate Electrode

[0090] Subsequently, the resist layer is removed, which
completes the gate electrode 50. The gate electrode 50 may
also be formed by applying a conductive material containing
conductive particles or a conductive organic material to the
gate insulating layer 40, and then providing a necessary
treatment (e.g. heating, irradiation of infrared rays, applica-
tion of ultrasonic waves) to this coating film. Examples of
the conductive material containing conductive particles
include solutions in which metal microparticles are dis-
persed and polymer mixtures containing conductive par-
ticles. Examples of the conductive material containing a
conductive organic material include a solution or dispersion
liquid of the conductive organic material.

[0091] To apply the conductive material to the gate insu-
lating layer 40, one of the following methods or a combi-
nation of two or more of them can be used: application
methods, such as spin coating, casting, micro gravure coat-
ing, gravure coating, bar coating, roll coating, wire-bar
coating, dip coating, and spray coating; and printing meth-
ods, such as screen printing, flexographic printing, offset
printing, ink jetting, and microcontact printing. Thus the
thin-film transistor 1 of the first exemplary embodiment is
formed.

[0092] While the source electrode 20a and the drain
electrode 20b are composed of two layers, that is, the
underlying electrode layer 21 and the surface electrode layer
22 in this exemplary embodiment, it is possible to have one
or more layers in between the underlying electrode layer 21
and the surface electrode layer 22 and on the underlying
electrode layer 21 on the substrate 10 for particular pur-
poses. For enhancing adhesiveness, for example. In this
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case, the layer closest to the organic semiconductor layer 30
(i.e. the outermost layer) has the biggest work function
among a plurality of layers. In this way, it is possible to
inject holes into the organic semiconductor layer 30 more
efficiently.

[0093] Also, the structure of the source electrode 20a is
not limited to the above-mentioned one. The drain electrode
20b may have a different structure from the source electrode
20a. In order to reduce manufacturing cost, the source
electrode 204 and the drain electrode 20b may have the same
structure. Furthermore, it is possible to have one or more
layers for a particular purpose in between the source elec-
trode 20z and the drain electrode 20b, and the organic
semiconductor layer 30; between the organic semiconductor
layer 30 and the gate insulating layer 40; and between the
gate insulating layer 40 and the gate electrode 50.

[0094]

[0095] A thin-film transistor according to a second exem-
plary embodiment of the present invention will now be
described.

[0096] FIG. 4 is a schematic showing the thin-film tran-
sistor according to the second exemplary embodiment of the
present invention. FIGS. 5(a)-5(c) are schematics illustrat-
ing a method to manufacture the thin-film transistor shown
in FIG. 4. The thin-film transistor according to the second
exemplary embodiment will be described below, mainly in
terms of differences from the thin-film transistor according
to the first exemplary embodiment. The description of what
the two have in common will be omitted.

[0097] The thin-film transistor 1 of the second exemplary
embodiment has the source electrode 20z and the drain
electrode 205 of different structures from those included in
the thin-film transistor 1 of the first exemplary embodiment,
which is the only difference between the two. Here, each of
the source electrode 20a and the drain electrode 205 has a
single-layer structure. At least on the organic semiconductor
layer 30 side (hereinafter called near-surface, having a given
thickness including the surface shown in FIG. 4), each of the
source electrode 20a and the drain electrode 205 has at least
either of the following: an oxide containing at least one of
Cu, Ni, and Co, or an oxide containing Ag; or a sulfide or
chloride.

[0098] Like the first exemplary embodiment, examples of
the oxide may be one of the following or a combination of
two or more of them: Cu oxides represented by Cu(Il), O
(0=x<1) or Cu(l), ;0 (0=x<1), Ni oxides represented by
Ni;,O (0=x<1), Co oxides represented by Co, O
(0=x<1), Ag oxides represented by Ag(Il), O (0=x<1) or
Ag(D),1.50 (0=x<l), and complex oxides containing at
least one element from Sr, Al, Ga, Li, Na, K, Rb, and Cs to
be added to the above-mentioned oxides in addition to the
already contained Cu, Ni, and Co.

[0099] Also like the first exemplary embodiment, those
mainly containing sulfides, including Cu, and those mainly
containing chlorides, including Ag, may be used as the
sulfide and chloride, respectively. In the source electrode
20a and the drain electrode 20b of the present exemplary
embodiment, a portion containing an oxide, sulfide, or
chloride (portion X in FIG. 4) may contain 50 wt % or more
of such an oxide, sulfide, or chloride, and preferably con-
tains around 75 wt %. The (average) thickness of the portion
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X may be within the range from 0.1 to 50 nm, and preferably
from 0.5 to 10 nm. Now, a method to manufacture the
thin-film transistor 1 will be described.

[0100]

[0101] First, a metal film (metal layer) 20 to be the source
electrode 204 and the drain electrode 20b is formed on the
substrate 10 as shown in FIG. 5(a). While the metal film 20
may be formed in the same manner as described in the first
exemplary embodiment (forming of the underlying elec-
trode layer 21), may be formed by wet plating. Plating
makes it possible to accurately form a film of the metal film
20 with a desired thickness without using a complicated
device, such as vacuum equipment. As the plating, electro-
less plating may be used. This makes it possible to further
increase accuracy in forming a film of the metal film 20.

[0102] Next, the metal film 20 is treated to be oxidized as
shown in FIG. 5(b). The near-surface of the metal film 20
is oxidized, generating an oxide corresponding to the mate-
rial of the metal film 20. As a result, the source electrode 20z
and the drain electrode 20b containing the oxide on their
near-surface are completed. While the oxide may be selected
from the above-mentioned ones, the metal film 20 is made
of mainly Cu, Ni, Co, an alloy containing these, Ag, or an
alloy containing Ag. Examples of the alloy may include the
following: Cu—Ni alloy, Cu—Co alloy, Ni—Co alloy, an
alloy of at least one selected from Cu, Ni, Co, and Ag, and
at least one selected from Sr, Al, Ga, Li, Na, K, Rb, and Cs.

[0103] Using electroless plating to form the metal film 20
makes it possible to easily and reliably achieve a desired
composition. Examples of the oxidation may be one of the
following or a combination of two or more of them: oxygen
plasma treatment, in which plasma treatment is provided in
the presence of oxygen; thermal oxidation; and anode oxi-
dation.

[0104] Among others, oxygen plasma treatment may be
used as the oxidation. This enables the source electrode 20z
and the drain electrode 20b to evenly contain an oxide on
their near-surface. Accordingly, it is possible to evenly inject
holes into the organic semiconductor layer 30. Furthermore,
oxygen plasma treatment also makes it possible to remove
organic matters on the surface of the metal film 20, while
providing the oxidation of the metal film 20.

[0105] Thus, the gate electrode 20a with high efficiency in
injecting holes into the organic semiconductor layer 30 is
completed. Here, the oxygen plasma treatment may be
conducted under reduced pressure (in vacuum), it may be
conducted at an atmospheric pressure. Accordingly, the
oxidation of the metal film 20 is easily and economically
conducted.

[0106] The source electrode 20a and the drain electrode
20b containing a sulfide on their near-surface may be formed
by, for example, treating the metal film 20 with heat under
predetermined conditions in the presence of sulfur, such as
hydrogen sulfide. The source electrode 20z and the drain
electrode 205 containing a chloride on their near-surface
may be formed by, for example, treating the metal film 20
with heat under predetermined conditions in the presence of
chlorine, such as hydrogen chloride or chlorine.

B1 Forming Source and Drain Electrodes
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[0107] B2 Forming an Organic Semiconductor Layer
[0108] The treatment in this step is the same as in A2.
[0109] B3 Forming a Gate Insulating Layer

[0110] The treatment in this step is the same as in A3.
[0111] B4 Forming a Gate Electrode

[0112] The treatment in this step is the same as in A4.
[0113] Thus the thin-film transistor 1 of the second exem-

plary embodiment is formed. The thin-film transistor 1 of the
second exemplary embodiment provides the same effects as
the thin-film transistor 1 of the first exemplary embodiment.

[0114]

[0115] A thin-film transistor according to a third exem-
plary embodiment of the present invention will now be
described.

[0116] FIG. 6 is a schematic showing the thin-film tran-
sistor of the third exemplary embodiment of the present
invention. The thin-film transistor according to the third
exemplary embodiment will be described below mainly in
terms of differences from the thin-film transistor according
to the first exemplary embodiment. The description of what
the two have in common will be omitted.

Third Exemplary Embodiment

[0117] The thin-film transistor 1 of the third exemplary
embodiment has an overall structure that is different from
that of the thin-film transistor 1 of the first exemplary
embodiment, which is the only difference between the two.
Specifically, the thin-film transistor 1 shown in FIG. 6 is a
bottom-gate thin-film transistor in which the gate electrode
50 is provided, not on the side of the source electrode 20a
and the drain electrode 20b, but on the substrate 10 side with
the gate insulating layer 40 therebetween. The structure of
the source electrode 20a and the drain electrode 205 is the
same as that in the first exemplary embodiment.

[0118] Now, a method to manufacture the thin-film tran-
sistor 1 will be described. The method to manufacture
thin-film transistor 1 shown in FIG. 6 includes the follow-
ing: C1 to form the gate electrode 50 on the substrate 10, C2
to form the gate insulating layer 40 so as to cover the gate
electrode 50, C3 to form the source electrode 20a and the
drain electrode 20b on the gate insulating layer 40, C4 to
form the organic semiconductor layer 30 so as to cover the
source electrode 20q, the drain electrode 20b, and the gate
insulating layer 40.

[0119]

[0120] The treatment in C1 is the same as in A4. For the
above-mentioned reason, a metal film similar to that
described in the first exemplary embodiment is formed by
using, for example, etching or liftoff.

[0121]

[0122] The treatment in C2 is the same as in A3. In C3, the
underlying electrode layer 21 made of mainly Cu, Ni, Co, an
alloy containing these, Ag, or an alloy containing Ag (metal
materials) is formed. Therefore, the gate insulating layer 40
may be made of one of the inorganic materials mentioned in
the first exemplary embodiment.

C1 Forming a Gate Electrode
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[0123] (3 Forming Source and Drain Electrodes

[0124] The treatment in C3 is the same as in Al.

[0125] C4 Forming an Organic Semiconductor Layer
[0126] The treatment in C4 is the same as in A2.

[0127] Thus the thin-film transistor 1 of the third exem-

plary embodiment is formed. The thin-film transistor 1 of the
third exemplary embodiment provides the same effects as
the thin-film transistor 1 of the first exemplary embodiment.
In addition, the thin-film transistor 1 of bottom-gate type
according to the third exemplary embodiment has the fol-
lowing advantage.

[0128] Most organic semiconductor materials are suscep-
tible to heat, acids, and alkali compared to inorganic semi-
conductor materials. Using the bottom-gate thin-film tran-
sistor of the present exemplary embodiment makes it
possible to form the organic semiconductor layer 30 after the
gate clectrode 30, the gate insulating layer 40, the source
electrode 20q, and drain electrode 20b have been formed.
This makes it possible to adopt optimum processing condi-
tions, such as treatment at a higher temperature or using a
strong acid, such as sulfuric acid in Steps C1 to C3. As a
result, the property of the thin-film transistor 1 (switching
property) can be enhanced.

[0129]

[0130] A thin-film transistor according to a fourth exem-
plary embodiment of the present invention will now be
described.

[0131] FIG. 7 is a schematic showing the thin-film tran-
sistor of the fourth exemplary embodiment of the present
invention. The thin-film transistor according to the fourth
exemplary embodiment will be described below mainly in
terms of differences from the thin-film transistor according
to the first to third exemplary embodiments. The description
of what they have in common will be omitted.

[0132] The thin-film transistor 1 of the fourth exemplary
embodiment has an overall structure, which is the only
difference from the thin-film transistor 1 of the second
exemplary embodiment. Specifically, the thin-film transistor
1 shown in FIG. 7 is a bottom-gate thin-film transistor in
which the gate electrode 50 is provided, not on the side of
the source electrode 20z and the drain electrode 20b, but on
the substrate 10 side with the gate insulating layer 40
therebetween. The structure of the source electrode 20a and
the drain electrode 200 is the same as that in the second
exemplary embodiment. Now, a method to manufacture the
thin-film transistor 1 will be described.

Fourth Exemplary Embodiment

[0133] D1 Forming a Gate Electrode

[0134] The treatment in D1 is the same as in C2.
[0135] D2 Forming a Gate Insulating Layer
[0136] The treatment in D2 is the same as in C2.

D3 Forming Source and Drain Electrodes

]
]
[0138] The treatment in D3 is the same as in B1.
] D3 Forming an Organic Semiconductor Layer
]

The treatment in D4 is the same as in C4.
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[0141] Thus the thin-film transistor 1 of the fourth exem-
plary embodiment is formed. The thin-film transistor 1 of the
fourth exemplary embodiment provides the same effects as
the thin-film transistor 1 of the first to third exemplary
embodiments.

[0142]

[0143] An organic EL element having an electrode of an
exemplary aspect of the present invention will now be
described.

[0144] FIG. 8 is a schematic showing an organic EL
element of an exemplary aspect of the present invention. An
organic EL element 100 shown in FIG. 8 includes a sub-
strate 120. On the substrate 120, an anode 130, a hole
transport layer 140, an emitting layer 150, an electron
injection layer 160, and a cathode 170 are provided in this
order. The organic EL element 100 also includes a sealing
member (protective member)180 that covers the layers 130
through 170.

[0145] The organic EL element 100 has top emission
structure, in which light from the emitting layer 150 is taken
out and is visible on the cathode 170 side. According to the
present exemplary embodiment, the hole transport layer 140
and the emitting layer 150 make up an organic electrolumi-
nescent layer (organic EL layer). The substrate 120 supports
the organic EL element 100.

[0146] Examples of the material of the substrate 120 may
include a plastic substrate (resin substrate) containing poly-
ethylene terephthalate (PET), polyethylene naphthalate
(PEN), polyethersulphone (PES), aromatic polyester (liquid
crystal polymer), polyimide (PI), polypropylene (PP), polya-
mide (PA), cycloolefin polymer (COP), polymethyl meth-
acrylate (PMMA), polycarbonate (PC), polyarylate (PAR) or
the like; glass substrate; quartz substrate; silicon substrate,
metal substrate; and gallium arsenide substrate.

[0147] The average thickness of the substrate 120 is not
limited. It may be from 0.1 to 30 nm, and preferably from
0.1 to 10 nm. In order to provide flexibility to the organic EL
element 100, the substrate 120 may be a plastic substrate or
a thin metal substrate whose thickness is comparatively
small. The anode 130 (i.e. the electrode of an exemplary
aspect of the present invention) is an electrode injecting
holes into the hole transport layer 140. The anode 130 has a
similar structure to the source electrode 20a included in the
thin-film transistor 1 of the first through fourth exemplary
embodiments.

[0148] If the anode 130 has a single-layer structure, the
anode 130 contains at least either of an oxide including at
least one of Cu, Ni, or Co; or a sulfide or chloride at least on
its surface (on the hole transport layer 140 side). If the anode
130 has a multiple-layer structure, the anode 130 contains at
least either of an oxide including at least one of Cu, Ni, or
Co; or a sulfide or chloride at least on its outermost layer (the
layer closest to the hole transport layer 140). This increases
efficiency in injecting holes into the hole transport layer 140,
and thereby providing the organic EL element 100 that is
reliable with high luminance.

[0149] The (average) thickness of the anode 130 is not
limited, but may be within the range from 10 to 2000 nm,
and more preferably from 50 to 1000 nm. If the anode 130
is too thin on one hand, the anode 130 may possibly not
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fulfill its function. On the other hand, the anode 130 that is
thicker than the above-mentioned range does not mean that
it produces better effects. The hole transport layer 140 has a
function of transmitting holes injected from the anode 130 to
the emitting layer 150. The hole transport layer 140 is
mainly made of a p-type organic semiconductor material. As
the p-type organic semiconductor material, both polymer
organic semiconductor materials and low-molecular-weight
organic semiconductor materials can be used here.

[0150] Examples of the organic semiconductor materials
may include the following polymer organic semiconductor
materials, in addition to the materials mentioned above to
form the organic semiconductor layer 30 in the thin-film
transistor 1. poly(3,4-cthylene dioxythiophene/styrene-
sulfonate) (PEDOT/PSS), poly thiophene, poly(thiophene
vinylene), poly(2,2'-thienylpyrrole), and polyaniline.

[0151] Examples of low-molecular-weight organic semi-
conductor materials may include the following: 1,1-bis(4-
di-p-tolylaminophenyl)-cyclohexane;  1,1'-bis(4-di-p-toly-
laminophenyl)-4-phenyl-cyclohoxane; 4,4', 4" -trimethyl
triphenylamine;  N,N,N',N'-tetraphenyl-1,1'-biphenyl-4,4 -
diamine; N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,
1'diphenyl-4,4'-diamine (TPD1); N,N'-diphenyl-N,N'-bis(4-
methoxyphenyl)-1,1'-biphenyl-4,4'-diamine (TPD2); N,N,
N',N'-tetrakis(4-methoxyphenyl)-1,1"-biphenyl-4,4'-diamine
(TPD3); N,N'-di(1-naphtyl)-N,N'-diphenyl-1,1'-biphenyl-4,

4-diamine  (alpha-NPD);  N,N,N',N'-tetraphenyl-p-phe-
nylenediamine; N,N,N',N'-tetra(p-tolyl)-p-phenylenedi-
amine; N,N,N',N'-tetra(m-tolyl)-m-phenylenediamine;

carbazole; N-isopropyl carbazole; N-phenylcarbazole; 4-di-
p-tolylaminostilbene; triphenylmethane; 1-phenyl-3-(p-dim-
ethylaminophenyl)pyrazoline; 1,3,4-oxadiazole; 2,5-di(4-
dimethylaminophenyl)-1,3,4-oxadiazole; 9-(4-
diethylaminostyryl)anthracene; fluorenone; 2,4,7-trinitro-9-
fluorenone; 2,7-bis(2-hydroxy-3-(2-
chlorophenylcarbamoyl)-1-naphthylazo)fluorenone; 1,4~
dithioketo-3,6-diphenyl-pyrrolo-(3,4-c)-pyrrolopyrrole;
porphyrin; metal tetraphenylporphyrin; quinacridone; cop-
per  naphthalocyanine;  vanadyl  naphthalocyanine;
monochloro-gallium naphthalocyanine; N,N'-di(naphtha-
lene-1-y1)-N,N'-diphyenyl-benzidine; and N,N,N',N'-tet-
raphenylbenzidine.

[0152] As the p-type organic semiconductor material, the
polymer organic semiconductor materials may be used as its
major component. Using the polymer organic semiconduc-
tor materials as the major component of the p-type organic
semiconductor material makes it possible to form the film of
the organic hole transport layer 140 more easily and eco-
nomically. The average thickness of the hole transport layer
140 is not limited, but may be within the range from 0.1 to
1000 nm. Preferably it is from 1 to 500 nm, and further
preferably, it is from 1 to 100 nm. If the hole transport layer
140 is too thin on one hand, a pin hole may possibly be
developed. On the other hand, if the hole transport layer 140
is too thick, the transmission of the hole transport layer 140
may decline, which will possible change the chromaticity
(hue) of light emitted from the organic EL element 100.

[0153] When distributing power (applying a voltage) to
the anode 130 and the cathode 170, which will be described
later, holes and electrons are injected into the emitting layer
150 through the hole transport layer 140 and the electron
injection layer 160, respectively. The holes and electrons are
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recombined in the emitting layer 150. The energy released
by the recombination generates excitons, which release (or
emit) energy (or fluorescent light and phosphorescence)
when turning back to the ground state. This way the emitting
layer 150 emits light.

[0154] The light is emitted to the cathode 170 and the
anode 130. However, since the anode 130 of the above-
mentioned structure tends to have high light reflectivity, the
light originally emitted to the anode 130 reflects on the
anode 130 and is emitted from the cathode 170. According
to the present exemplary embodiment, using the organic EL
element 100 having top emission structure increases effi-
ciency in emitting light. Any materials (light-emitting mate-
rial) can be used for the emitting layer 150 as long as they
inject holes in the anode 130 and electrons in the cathode
170 when applying a voltage, and provide a space where the
holes and electrons are recombined. Both low-molecular-
weight light-emitting materials and polymer light-emitting
materials can be used for this purpose.

[0155] Mainly using a low-molecular-weight light-emit-
ting material as the light-emitting material makes the com-
position of the emitting layer 150 dense, and thereby
enhancing efficiency in emitting light from the emitting
layer 150. Mainly using a polymer light-emitting material
makes it comparatively easy to dissolve the material into a
solvent, which means that it is easy to form a film of the
emitting layer 150 by various application methods, such as
ink jetting.

[0156] Examples of the low-molecular-weight light-emit-
ting material include the following: distyryl benzene (DSB);
diaminodistyryl benzene (DADSB); naphthalene; nile red;
phenanthrene; chrysene; 6-nitrochrysene; perylene; N,N'-
bis(2,5-di-t-butylphenyl)-3,4,9,10-perylene-di-carboxyim-

ide (BPPC); coronene; anthracene; bisstyrylanthracene;
pyrene; 4-1 (dicyanomethylene)-2-methyl-6-(p-dimethy-
laminostyryl)-4H-pyran (DCM); acridine; stilbene; 2,5-
dibenzoxazolethiophene; benzoxazole; benzoimidazole;
2,2'{(p-phenylenedivinylene)-bisbenzothiazole, bistyryl
(1,4-diphenyl-1,3-butadienc); tetraphenylbutadiene; naph-
thalimide; coumarin; perinone; oxadiazole; 1,2,3,4,5-pen-
taphenyl-1,3-cyclopentadiene (PPCP); quinacridone; quina-
cridone red; pyrrolopyridine; thiadiazolopyridine; 2,2',7,7'-

tetraphenyl-9,9"-spirobifluorene; tris(8-
hydroxyquinolinolato)aluminum(Alqg,);  tris(4-methyl-8-
quinolinolato)aluminum(E) (Almgs);

(8-hydroxyquinolinolato)zinc  (Znq,); (1,10-phenanthro-
line)-tris-(4,4,4-trifluoro-1-(2-thienyl)-butane-1,3-dion-
ate)europium(Ill) (Eu(TTA),(phen)); fac tris(2-phenylpy-
ridine)iridium  (Ir(Ppy),); and  (2,3,7,8,12,13,17,18-
octaethyl-21H,23H-porphine)platinum(II).

[0157] Examples of the polymer light-emitting material
include the following: poly(9,9-dioctylfluorene) (F8);
poly(9,9-dioctylfluorene-co-bithiophene) (F8T2); poly(9,9-
dioctylfluorene-co-2,1,3-benzothiadiazole) (FSBT); poly(9,
9-dioctylfluorene-co-N-(4-butylphenyl)diphenylamine)

(TFB); trans-polyacetylene; cis-polyacetylene; poly(diphe-
nylacetylene) (PDPA); poly(p-phenylenevinylene) (PPV);
poly(2,5-dialkoxy-p-phenylenevinylene) (RO-PPV); cyano-
substituted-poly(p-phenylenevinylene) (CN-PPV); poly(2-
dimethyloctylsilyl-p-phenylenevinylene) ~ (DMOS-PPV);
poly(2-methoxy,5-(2'-ethylhexyloxy)-p-phenylenevinylene)
(MEH-PPV); poly(oxypropylene)triol (POPT); alpha,
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omega-bis[N,N'-di(methylphenyl)aminophenyl]-poly[9,9-
bis(2-ethylhexyl)fluoren-2,7-diyl] (PF2/6 am4); poly(9,9-
dioctyl-2,7-divinylenefluorenylene-alt-co(anthracene-9,
10-diyl); poly(p-phenylene) (PPP); poly(1,5-dialkoxy-p-
phenylene) (RO—PPP); poly(N-vinylcarbazole) (PVK);
poly(methylphenylsilane) (PMPS); poly(naphthylphenylsi-
lane) (PNPS); and poly(biphenylylphenylsilane) (PBPS).

[0158] The average thickness of the emitting layer 150 is
not limited. It may be from 5 to 1000 nm, and preferably
from 10 to 100 nm. Setting the thickness of the emitting
layer within the ranges makes it possible to enhance effi-
ciency in emitting light from the emitting layer 150.

[0159] The electron injection layer 160 has a function of
transmitting electrons injected from the cathode 170 to the
emitting layer 150. A metal material with a small work
function may be used to form the electron injection layer
160. Examples of the material include the following: Mg,
Ca, Sr, La, Ce, Er, Eu, Sc, Y, Yb, Ag, Cu, Al, Cs, Rb, alloys
containing these, and their fluorides.

[0160] Since the organic EL element 100 of the present
exemplary embodiment has a top emission structure, which
means that light emitted from the emitting layer 150 is
visible on the cathode 170 side, the electron injection layer
160 may be as thin as possible. The (average) thickness of
the electron injection layer 160 is not limited, but may be
within the range from 5 to 100 nm, and preferably from 20
to 50 nm. If the electron injection layer 160 is too thin on one
hand, a pin hole may possibly be developed, causing a short
circuit. On the other hand, if the electron injection layer 160
is too thick, the value of resistance may possibly be too high
depending on its material.

[0161] The cathode 170 is an electrode to inject electrons
into the electron injection layer 160. The cathode 170 of the
present exemplary embodiment is substantially transparent,
that is, transparent and colorless, transparent and colored, or
translucent, so that light emitted from the emitting layer 150
can be observed. Therefore, the cathode 170 may be made
of a material that is conductive and allows light to pass
through.

[0162] Examples of the material of the cathode 170 may
be one of the following or a combination of two or more of
them: transparent and conductive oxides, such as indium tin
oxide (ITO), fluorine-doped ITO (FTO), indium zinc oxide
(IZO), antimony tin oxide (ATO), and aluminum zinc oxide
(AZO). By mainly using such transparent and conductive
oxides, which have an advantage both in conductivity and
transparency, to form the cathode 170, it is possible to
provide the organic EL element 100 that has an advantage in
efficiency in emitting light.

[0163] The (average) thickness of the cathode 170 may be
within the range from 10 nm to 1 ym. If the cathode 170 is
too thin on one hand, the cathode 170 may possibly not
fulfill its function. On the other hand, the cathode 170 that
is too thick may lower efficiency in emitting light from the
organic EL element 100 and significantly reduce the trans-
mission of light depending of its material to the extent that
it cannot be practically used.

[0164] The sealing member 180 has a function of air
tightly sealing each layer 130 through 170 of the organic EL
element 100 so as to block oxygen and moisture. Using the
sealing member 180 makes it possible to increase the
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reliability of the organic EL element 100 and reduce the
likelihood or prevent each layer 130 through 170 (particu-
larly the hole transport layer 140 and the emitting layer 150)
from changing in quality or deteriorating. The inside of the
sealing member 180 may be filled with an inert gas, such as
nitrogen or rare gasses. This makes it possible to reduce the
likelihood or prevent each layer 130 through 170 from
changing in quality or deteriorating. Any materials allowing
light to pass through can be used to form the sealing member
180. For example, various types of resin materials and glass
materials can be used.

[0165] While the emitting layer 150 and the hole transport
layer 140 are separately provided in the present exemplary
embodiment, it is also possible to provide a hole-transport
emitting layer that has functions of both the hole transport
layer 140 and the emitting layer 150. In this case, a portion
of the hole-transport emitting layer around the interface with
the electron injection layer 160 works as the emitting layer
150. The hole-transport emitting layer has an advantage of
increasing efficiency in recombining holes and electrons,
since holes injected from the anode 130 into the hole-
transport emitting layer are trapped by the electron injection
layer 160.

[0166] Furthermore, it is possible to have a layer for a
particular purpose in between the anode 130 and the hole
transport layer 140, between the hole transport layer 140 and
the emitting layer 150, between the emitting layer 150 and
the electron injection layer 160, and the like. For example,
it is possible to have a hole injection layer in between the
anode 130 and the hole transport layer 140, and an electron
transport layer in between the emitting layer 150 and the
electron injection layer 160. In addition, a hole block layer,
an electron block layer, and the like may also be provided to
the organic EL element 100.

[0167]

[0168] A display equipped with an active mairix device
having the thin-film transistor 1 will now be described. Here,
an electrophoretic display device is given as an example.

[0169] FIG. 9 is a schematic showing an electrophoretic
display device to which the present invention is applied.
FIG. 10 is a schematic showing an active matrix device
included in the electrophoretic display device shown in FIG.

9.

[0170] Referring to FIG. 9, an electrophoretic display
device 200 includes an active matrix device (electronic
circuit of an exemplary aspect of the present invention) 300
provided on a substrate 500 and an electrophoretic display
part 400 electrically coupled to the active matrix device 300.
As shown in FIG. 10, the active matrix device 300 includes
a plurality of data lines 301 and a plurality of scan lines 302
that intersect each other. The active matrix device 300 also
includes a thin-film transistor 1 that is provided at each
intersection of the data lines 301 and the scan lines 302. The
gate electrode 50 included in the thin-film transistor 1 is
coupled to the scan lines 302, the source electrode 20a to the
data lines 301, and the drain electrode 20b to a pixel
electrode (individual electrode) 401 that will be described
later.

[0171] As shown in FIG. 9, the electrophoretic display
part 400 includes a pixel electrode 401, a microcapsule 402,
a transparent electrode (common electrode) 403, and a
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transparent substrate 404 that are stacked on the substrate
500 in this order. The microcapsule 402 is fixed between the
pixel electrode 401 and the transparent electrode 403 by a
binder material 405.

[0172] The pixel electrode 401 is divided so as to be
arrayed in a matrix, that is, orderly in rows and columns. In
each capsule 402, there are multiple kinds of electrophoretic
particles which have different properties from each other. In
the present exemplary embodiment, an electrophoretic dis-
persion liquid 420 including two kinds of electrophoretic
particles 421 and 422 whose charges and hues are different
from each other.

[0173] In the electrophoretic display device 200, if a
selection signal (selection voltage) is supplied to one or
more scan lines 302, a thin-film transistor 1 that is coupled
to the scan lines 302 supplied with the selection signal
(selection voltage) turns on. Thus, electrical connection
between data lines 301 and a pixel electrode 401 that are
coupled to the thin-film transistor 1 are substantially estab-
lished. Here, if certain data (voltage) are supplied to the data
lines 301, the data (voltage) are supplied to the pixel
electrode 401. This produces an electric field between the
pixel electrode 401 and the transparent electrode 403. The
electrophoretic particles 421 and 422 move electrophoreti-
cally in a direction toward either electrode depending on the
direction and strength of the electric field and properties of
the electrophoretic particles 421 and 422.

[0174] If the supply of a selection signal (selection volt-
age) to the scan lines 302 is stopped, the thin-film transistor
1 turns off, cutting off the electrical connection between the
data lines 301 and the pixel electrode 401 coupled to the
thin-film transistor 1. Accordingly, by supplying or stopping
a selection signal to the scan lines 302 and by supplying or
stopping data to the data lines 301 in appropriate combina-
tion, a desirable image (information) is displayed on a
display side (the transparent substrate 404 side) of the
electrophoretic display device 200. In particular, since the
electrophoretic display device 200 of the present exemplary
embodiment has the electrophoretic particles 421 and 422 or
different colors, it is possible to display multiple grayscale
images.

[0175] Also, since the since the electrophoretic display
device 200 of the present exemplary embodiment has the
active matrix device 300, it selectively turns on and off the
thin-film transistor 1 coupled to the scan lines 302. This can
reduce or prevent crosstalk, increase the speed of circuit
operation, and thereby enhance the quality of images (infor-
mation). Moreover, the electrophoretic display device 200 of
the present exemplary embodiment operates at a low driving
voltage and saves electric power. It should be understood
that the display of an exemplary aspect of the present
invention is applicable not only to the electrophoretic dis-
play device 200, but also to any organic EL displays using
the organic EL element 100 instead of the electrophoretic
display part 400, and inorganic EL displays using inorganic
EL elements, and liquid crystal displays using liquid crystal
display elements.

[0176]

[0177] The electrophoretic display device 200 (display of
an exemplary aspect of the present invention) can be built in
various types of electronic equipment. Such electronic

Electronic Equipment
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equipment of an exemplary aspect of the present invention
including the electrophoretic display device 200 will now be
described.

[0178]

[0179] First, electronic paper to which electronic equip-
ment of an exemplary aspect of the present invention is
applied is described.

[0180] FIG. 11 is a schematic showing the electronic
paper to which electronic equipment of an exemplary aspect
of the present invention is applied. In this drawing, elec-
tronic paper 600 includes a body 601 and a display unit 602.
The body 601 is made of a rewritable sheet having a texture
and flexibility like paper. In the electronic paper 600, the
display unit 602 includes the electrophoretic display device
200.

[0181]

[0182] Next, a display to which electronic equipment of an
exemplary aspect of the present invention is applied is
described.

[0183] FIGS. 12(a) and 12(b) show the display to which
electronic equipment of an exemplary aspect of the present
invention is applied. FIG. 12(a) is a sectional view, and
FIG. 12(b) is a plan view. Referring to FIG. 12, a display
800 includes a body 801 and electronic paper 600 that is
detachably provided to the body 801. The electronic paper
600 has the above-mentioned structure, that is, the one
shown in FIG. 11.

[0184] The body 801 has an insertion slot 805 on its side
(right in the drawing) into which the electronic paper 600 is
inserted. The body 801 also has a pair of feed rollers 8024
and 802b inside. When the electronic paper 600 is inserted
through the insertion slot 805 into the body 801, the elec-
tronic paper 600 is fed into the body 801, being sandwiched
by the pair of feed rollers 802a and 802b.

[0185] The body 801 also has a rectangular opening 803
on the display side of the body 801 (front side in FIG.
12(b)). A transparent glass plate 804 is fitted in the opening
803. Accordingly, the electronic paper 600 fed into the body
801 is visible from the outside of the body 801. In other
words, the display 800 makes a display by making the
electronic paper 600 fed into the body 801 visible through
the transparent glass plate 804.

[0186] Also, a terminal 806 is provided at an end in the
direction toward which the electronic paper 600 is injected
(left in the drawing). Inside the body 801, the terminal 806
is coupled to a socket 807 with the electronic paper 600
being fed into the body 801. The socket 807 is electrically
coupled to a controller 808 and a control part 809. In this
display 800, the electronic paper 600 is detachably fed into
the body 801, and can be used out of the body 801 for
portable use. In the display 800, the electronic paper 600
includes the electrophoretic display device 200.

[0187] Examples of electronic equipment according to an
exemplary aspect of the present invention are not limited to
the above-mentioned, and include TV sets, finder-view sets,
direct-view video recorders, car navigation systems, pagers,
electronic notebooks, calculators, electronic newspapers,
word processors, personal computers, workstations, video-
phones, point-of-sale devices, touch-sensitive panel devices,
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and so on. The display of an exemplary aspect of the present
invention, for example, the electrophoretic display device
200, is applicable to the display of various types of elec-
tronic equipment.

[0188] While the electrode, method to form an electrode,
thin-film transistor, electronic circuit, organic EL element,
display, and electronic equipment according to exemplary
aspects of the present invention have been described, it
should be understood that the present invention is not
limited to these. For example, the electrode of an exemplary
aspect of the present invention is applicable to electrodes for
an anode and RF tag included in a solar cell (photoelectric
switching element). Also, the method to form an electrode of
an exemplary embodiment of the present invention may
further include one or more steps for particular purposes.
Furthermore, each e¢lement of the thin-film transistor, elec-
tronic circuit, organic EL element, display, and electronic
equipment of an exemplary aspect of the present invention
can be substituted by a given element that has a function of
similar to the above-mentioned, and a given structure may
be added to the above-mentioned.

EXAMPLES

[0189] Specific examples of exemplary aspects of the
present invention will now be described.

[0190] A1l. Manufacturing a Thin-Film Transistor
Example Al
[0191] First, a glass substrate (OA10, made of NEC,

Coming) was prepared and cleaned with ethanol so as to
degrease its surface.

[0192] After being dried, the glass substrate was immersed
in concentrated sulfuric acid so as to have a rough surface.
This way, a plating film to be formed in the following step
can have increased adhesiveness. Then, the glass substrate
was washed with pure water. Next, a cycle of immersing the
glass substrate in a sensitivity increasing liquid for 15
seconds and the washing the substrate with pure water was
repeated four times. As the sensitivity increasing liquid, a
solution (tin chloride (II) solution) of 37 wt % concentrated
hydrochloric acid (1 mI/L) and SnCl, (1 g/L) was used.

[0193] Subsequently, the glass substrate was immersed in
a Ni plating bath for five minutes. The conditions of the Ni
plating bath are as follows:

[0194] Sodium hypophosphite solution: 0.15 mol/L
[0195] Ammonium sulfate solution: 0.50 mol/L

[0196] Sodium acid citrate solution: 0.20 mol/L.

[0197] Nickel sulfate solution: 0.10 mol/L

[0198] The four types of solutions in the same quantity

were mixed and adjusted to have a pH 9.0 with a sodium
hydroxide solution. By using a Ni plating bath at 90 degrees
centigrade, a Ni plating film was formed on the glass
substrate to an average thickness of 100 nm. Then, the glass
substrate was washed with pure water, and dried at 50
degrees centigrade.

[0199] Next, a resist material (TSMR8900, made by
Tokyo Ohka Kogyo) was supplied on the Ni plating film.
The material was exposed to light and developed by pho-



US 2005/0057136 Al

tolithography so as to form a resist layer with a pattern
corresponding to the shape of source and drain electrodes.
Then, the glass substrate was immersed in a 5 to 10 wt %
iron chloride solution at 30 through 40 degrees centigrade
for 5 through 10 minutes. This way part of the Ni plating
film not covered by the resist layer was removed, which
completes the pattern corresponding to the shape of source
and drain electrodes.

[0200] After removing the resist layer with a resist remov-
ing liquid, the glass substrate was washed with water and
ethanol. Then, oxygen plasma treatment was performed on
the Ni plating film. The conditions of the oxygen plasma
treatment are as follows:

[0201] Plasma treatment device: PX1000 made by Samco
International

[0202] Power: 200 W

[0203] Treatment period: For five minutes

[0204] Oxygen flow volume: 100 sccm

[0205] Argon flow volume: 100 sccm

[0206] This way the source electrode and the drain elec-

trode of the structure shown in FIG. 4 were completed.

[0207] Subsequently, a 1% wt/vol toluene solution of
F8T2  (poly(9,9-dioctylfluorene-co-bithiophene))  was
applied on the glass substrate by spin coating at 2400 rpm,
and the substrate was dried at 60 degrees centigrade for 10
minutes. This way an organic semiconductor layer was
formed to an average thickness of 50 nm. Subsequently, a
5% wt/vol butyle acetate solution of polymethyl methacry-
late (PMMA) was applied on the organic semiconductor
layer by spin coating at 2400 rpm, and the layer was dried
at 60 degrees centigrade for 10 minutes. This way a gate
insulating layer was formed to an average thickness of 100
nm.

[0208] Next, a water dispersion of PEDOT (polyethylene-
dioxythiophene) was applied on a portion on the gate
insulating layer corresponding (viscosity: 5 cps at ambient
temperatures) to a region between the source electrode and
the drain electrode by ink jetting at a rate of 20 pL per drip,
and the layer was dried at 80 degrees centigrade for 10
minutes. This way a gate electrode was formed to an average
thickness of 100 nm. The thin-film transistor was thus
manufactured through the above-mentioned steps.

Example A2

[0209] A glass substrate was immersed in a 0.1 wt %
nickel chloride solution to which dimethylborane as a
reducer had been added at 40 degrees centigrade for five
minutes, so as to form a Ni plating film. With the other steps
being similar to the example Al, a thin-film transistor was
completed. The average thickness of the Ni plating film was
100 nm.

Example A3

[0210] In forming the source electrode and the drain
electrode, a Cu plating film was formed instead of the Ni
plating film. With the other steps being similar to the
example Al, a thin-film transistor was completed. In this
example, a glass substrate was immersed in a Cu plating
bath for five minutes under the following conditions:
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[0211] Formalin: 0.25 mol/liter

[0212] Ethylenediamine tetra acetic acid sodium salt solu-
tion: 0.06 mol/liter

[0213] Copper sulfate solution: 0.05 mol/liter

[0214] 2,2'-dipyridyl solution: 20 mg/liter

[0215] Potassium hexacyanoferracte (II) solution: 50
mg/liter

[0216] The five types of solutions of the same quantity

were mixed and adjusted to have pH 12.5 with a sodium
hydroxide solution. A Cu plating bath at 90 degrees centi-
grade was used. The average thickness of a formed Cu
plating film was 100 nm.

Example A4

[0217] A glass substrate was immersed in a 0.5 wt %
copper sulfate solution to which Rochelle salt as a complex-
ing agent had been added at 20 degrees centigrade for ten
minutes, so as to form a Cu plating film. With the other steps
being similar to the example Al, a thin-film transistor was
completed. The average thickness of a formed Cu plating
film was 100 nm.

Example A5

[0218] A Cu film was formed by liftoff instead forming the
Ni plating film in this example. With the other steps being
similar to the example Al, a thin-film transistor was com-
pleted. Specifically, a resist pattern was provided so as to
cover a glass substrate other than portions corresponding
source and drain electrodes. Thus the Cu film was deposited
on the whole surface to a thickness of 100 nm. Then, the Cu
film having the shape corresponding to the source and drain
electrodes was completed by removing the resist pattern
with a jet-scriber device.

Example A6

[0219] In this example, oxygen plasma treatment was
performed for 20 minutes. With the other steps being similar
to the example A3, a thin-film transistor was completed. The
average thickness of a formed Cu plating film was 100 nm.

Example A7

[0220] A glass substrate was immersed in a 0.1 wt %
cobalt chloride solution at 90 degrees centigrade for five
minutes, so as to form a Co plating film. With the other steps
being similar to the example Al, a thin-film transistor was
completed. The average thickness of the Co plating film was
100 nm.

Example A8

[0221] First, a glass substrate (OA10, made of NEC,
Coming) was prepared and cleaned with ethanol so as to
degrease its surface. After being dried, the glass substrate
was immersed in concentrated sulfuric acid so as to have a
rough surface. This way, a film to be formed in the following
step can have increased adhesiveness. Then, the glass sub-
strate was washed with pure water.

[0222] Next, a covering film containing NiO was formed
to an average thickness of 100 nm on the glass substrate by
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reactive DC magnetron sputtering. The conditions of the
magnetron sputtering are as follows:

[0223] Target: Metal Ni

[0224] Ultimate vacuum in the chamber: 5x107* Pa
[0225] DC Power: 60 W

[0226] Introduced gas: Mixed gas of oxygen and argon

(Oxygen: Argon=80: 20 (molar ratio))

[0227] Pressure in the chamber applied when forming the
film: 0.65 Pa (5 mTorr)

[0228] Next, a resist material (TSMR8900, made by
Tokyo Ohka Kogyo) was supplied on the covering film. The
material was exposed to light and developed by photolithog-
raphy so as to form a resist layer with a pattern correspond-
ing to the shape of source and drain electrodes. Then, part of
the covering film, not covered by the resist layer, was
removed by reactive ion etching, which completes the
pattern corresponding to the shape of source and drain
electrodes. This way the source electrode and the drain
electrode of the structure shown in FIG. 4 were completed.
With the other steps being similar to the example Al, a
thin-film transistor was completed.

Example A9

[0229] In this example, the oxygen-argon ratio was
changed to 25:75. With the other steps being similar to the
example A8, a thin-film transistor was completed.

Example A10

[0230] In this example, the oxygen-argon ratio was
changed to 10: 90. With the other steps being similar to the
example A8, a thin-film transistor was completed.

Examples All, A12, A13

[0231] In this example, metal Cu was used as a target
instead of metal Ni. With the other steps being similar to the
examples A8, A9, and Al, a thin-film transistor was com-
pleted.

Examples Al4, A15, A16

[0232] In this example, metal Co was used as a target
instead of metal Ni. With the other steps being similar to the
examples A8, A9, and A10, a thin-film transistor was com-
pleted.

Example A17

[0233] First, a glass substrate (OA10, made of NEC,
Coming) was prepared and cleaned with ethanol so as to
degrease its surface. After being dried, the glass substrate
was immersed in concentrated sulfuric acid so as to have a
rough surface. This way, a film to be formed in the following
step can have increased adhesiveness. Then, the glass sub-
strate was washed with pure water.

[0234] Next, a covering film containing SrCu,0, was
formed to an average thickness of 100 nm on the glass
substrate by laser ablation. The conditions of the laser
ablation are as follows:

[0235]
[0236]

Target: SrCu,0, sintered body

Ultimate vacuum in the chamber: 5x1077 Pa
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[0237] Laser: ArF excimer laser (Wavelength: 193 nm,
Pulse length: 20 ns)

[0238] Energy density: 5 J/cm®

[0239] Introduced gas: Oxygen gas

[0240] Pressure in the chamber applied when forming the
film: 5 Pa

[0241] Temperature of the glass substrate: 250 degrees
centigrade

[0242] Next, a resist material (TSMR8900, made by

Tokyo Ohka Kogyo) was supplied on the covering film. The
material was exposed to light and developed by photolithog-
raphy so as to form a resist layer with a pattern correspond-
ing to the shape of source and drain electrodes. Then, part of
the covering film, not covered by the resist layer, was
removed by reactive ion etching, which completes the
pattern corresponding to the shape of source and drain
electrodes. This way the source electrode and the drain
electrode of the structure shown in FIG. 4 were completed.
With the other steps being similar to the example Al, a
thin-film transistor was completed.

Example A18

[0243] In this example, a CuAlO, sintered body was used
as a target instead of a SrCu,0, sintered body. With the other
steps being similar to the examples Al7, a thin-film tran-
sistor was completed.

Example A19

[0244] In this example, a CuGaO, sintered body was used
as a target instead of a SrCu, 0, sintered body. With the other
steps being similar to the examples Al7, a thin-film tran-
sistor was completed.

Example A20

[0245] First, a glass substrate (OA10, made of NEC,
Corning) was prepared and cleaned with ethanol so as to
degrease its surface. After being dried, the glass substrate
was immersed in concentrated sulfuric acid so as to have a
rough surface. This way, a film to be formed in the following
step can have increased adhesiveness. Then, the glass sub-
strate was washed with pure water.

[0246] Next, in the same way as the example A3, an
underlying electrode layer (work function: 4.7 V) contain-
ing Cu was formed to an average thickness of 80 nm. Then,
in the same way as the example All, a surface electrode
layer (work function: 5.4 ¢V) containing Cu(I)O was
formed to an average thickness of 20 nm. This way the
source electrode and the drain electrode of the structure
shown in FIG. 1 were completed. With the other steps being
similar to the example Al, a thin-film transistor was com-
pleted.

Example A21

[0247] First, a glass substrate (OA10, made of NEC,
Corning) was prepared and cleaned with ethanol so as to
degrease its surface. After being dried, the glass substrate
was immersed in concentrated sulfuric acid so as to have a
rough surface. This way, a film to be formed in the following
step can have increased adhesiveness. Then, the glass sub-
strate was washed with pure water.
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[0248] Next, in the same way as the example A3, an
underlying electrode layer (work function: 4.7 V) contain-
ing Cu was formed to an average thickness of 80 nm. Then,
in the same way as the example Al7, a surface electrode
layer (work function: 5.4 ¢V) containing SrCu,0, was
formed to an average thickness of 20 nm. This way the
source electrode and the drain electrode of the structure
shown in FIG. 1 were completed. With the other steps being
similar to the example A1, a thin-film transistor was com-
pleted.

Examples A22, A23, A24

[0249] In this example, metal Co was used as a target
instead of metal Ag. With the other steps being similar to the
examples A8, A9, and A10, a thin-film transistor was com-
pleted.

Example A25

[0250] A Cu vapor-deposited film instead the Cu plating
film was formed to an average thickness of 100 nm by
vacuum deposition in this example. With the other steps
being similar to the example Al, a thin-film transistor was
completed.

Example A26

[0251] In this example, sulfurization was performed
instead of oxygen plasma treatment. With the other steps
being similar to the example A3, a thin-film transistor was
completed. The sulfurization was carried out by heat-treat-
ing a Cu vapor-deposited film at 100 degrees centigrade for
30 minutes in the presence of hydrogen sulfide.

Example A27

[0252] An Ag vapor-deposited film, instead the Cu plating
film, was formed to an average thickness of 100 nm by
vacuum deposition in this example. With the other steps
being similar to the example Al, a shape corresponding to
source and drain electrodes was patterned. Then, the Ag
vapor-deposited film was chlorinated. This way the source
electrode and the drain electrode of the structure shown in
FIG. 4 were completed. The chlorination was carried out by
heat-treating the Ag vapor-deposited film at 100 degrees
centigrade for 30 minutes in the presence of hydrogen
chloride. With the other steps being similar to the example
Al, a thin-film transistor was completed.

Example A28

[0253] With all the steps, except for chlorination, being
similar to the example A27, a thin-film transistor was
completed. First, an Ag vapor-deposited film was pretreated
with HNO; of 3 M and washed with water. Next, a glass
substrate was immersed in a HCI solution of 0.1 M. The Ag
vapor-deposited film was electrified at a current density of
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0.8 mA/cm? for 15 minutes so as to apply electrolysis. This
way the source electrode and the drain electrode of the
structure shown in FIG. 1 were completed.

Comparative Example Al

[0254] 1In this comparative example, the oxygen-argon
ratio was changed to 0: 100. With other steps being similar
to the example A8, a thin-film transistor was completed.

Comparative Example A2

[0255] In this comparative example, the oxygen-argon
ratio was changed to 0: 100. With other steps being similar
to the example All, a thin-film transistor was completed.

Comparative Example A3

[0256] In this comparative example, the oxygen-argon
ratio was changed to 0: 100. With other steps being similar
to the example Al4, a thin-film transistor was completed.

Comparative Example A4

[0257] In this comparative example, the oxygen-argon
ratio was changed to 0: 100. With other steps being similar
to the example A22, a thin-film transistor was completed.

[0258] A2 Evaluation
[0259] A2-1 Oxide Content Measurement

[0260] An arca having an oxide, sulfide, and chloride,
(hereinafter collectively called “metal compound”) in the
source electrode and the drain electrode of each example and
comparative example, was identified, and the content of the
metal compound was measured. X-ray microanalyzer
(EPMA) was used for the measurement.

[0261]

[0262] The work function of the source electrode and the
drain electrode of each example and comparative example
was measured. A simplified UPS device (AC-1, made by
Riken Keiki) was used for the measurement.

[0263]

[0264] The carrier mobility A, threshold voltage Vth, and
S value of the thin-film transistor of each example and
comparative example were measured. A 4156C precision
semiconductor parameter analyzer made by Agilent Tech-
nologies was used for the measurement.

[0265] Here, the threshold voltage Vth is a gate voltage
when an approximation formula representing the relation-
ship between a gate voltage and IdV? (Id: drain current
value) becomes zero. In other words, it is a gate voltage
required to start to pass a drain current. The S value was a
gate voltage required to add a drain current value to the next
digit. Therefore, a thin-film transistor has excellent proper-
ties when it has a large carrier mobility u, a small absolute
vale of the threshold voltage Vth, and a small S value. The
results of the measurement are listed in Tables 1-1 and 1-2.

A2-2 Work Function Measurement

A2-3 Evaluation on Transistor Properties

TABLE 1-1

Source/Drain electrode

Average Compound ~ Work  Carrier  Threshold

thickness Metal content  function mobility # voltage Vth S value
Example (nm)!  compound (wt %) V)  (cm?/Vs) V) \%2
Al NiO 81 50 30x107° 0 1.0
A2 NiO 75 50 30x107° 0 1.0
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TABLE 1-1-continued
Source/Drain electrode

Average Compound  Work  Carrier ~ Threshold

thickness Metal content  function mobility 4 voltage Vth S value
Example (nm)'  compound (wt %) V)  (cm?/Vs) V) W)
A3 6  Cu(IHO 79 54 44x107° -1 1.6
A4 5 Cu(no 76 54 44x107° 0 15
AS 7 Cu(DO 80 54 44x107 0 15
Ab 10 Cu(I)O 95 54 46x107° 0 1.4
A7 5  CoO 85 50 28x107° -1 1.7
A8 100 NiO 100 50 30x107 0 1.0
A9 100 NiO 75 50 30x107 0 1.0
A10 100 NiO 50 50 3.0x107° -1 12
All 100 Cu(I)O 100 54 44x107° 0 15
A2 100 Cu(IHO 75 54 44x107 0 15
Al3 100 Cu(I)O 50 53  44x107 -1 1.6
Al4 100 CoO 100 50 28x107° -1 1.7
AlS 100 CoO 75 50 28x107° -1 1.8
Al6 100 CoO 50 50 28x107 -3 1.8
The average thickness of a portion of the metal compound on the surface of the source or drain
electrode
[0266]

TABLE 1-2
Source/Drain electrode

Average Compound ~ Work  Carrier Threshold

thickness Metal content  function mobility 4 voltage Vth S value
Example (nm)*  compound (wt %) eV)  (ecm?/Vs) V) W)
Al17 100 SrCu,0, 100 54 27x107 0 15
Al8 100 CuAlO, 100 54 25x107° 0 15
A19 100 CuGaO, 100 54  24x107 0 15
A20 20 Cu(IDO 100 54  44x107 0 15
A21 20 SrCu,0, 100 54 27x107 0 15
A22 100 Ag(D),0 100 53 30x107 -1 17
A23 100 Ag(D,0 75 53 30x107 -1 1.7
A24 100 Ag(D,0 50 53 30x107 -1 1.7
A25 7 Cu(),0 80 54 44x107° 0 15
A26 8 cu(l),S 86 50 30x107 0 15
A27 7 Ag)Cl 90 52 27x107 -3 1.7
A28 5 Ag)al 95 52 27x107 -3 17
CE? Al No compound included, whole Ni 50 30x107 =7 2.0
CE? A2 No compound included, whole Cu 47  05x 107 -8 32
CE? A3 No compound included, whole Co 50 28x107° =7 2.4
CE? A4 No compound included, whole Ag 42 28x 107 -10 3.0

1The average thickness of a portion of the metal compound on the surface of the source or drain

electrode
“Comparative example

[0267] As shown in Tables 1-1 and 1-2, the thin-film
transistor of each example was found to have excellent
properties with a small absolute value of the threshold
voltage Vth and S value, and a large carrier mobility u. They
were also found to show a tendency to increase their
transistor properties as the content of an oxide (metal
compound) increased in the source and drain electrodes. The
thin-film transistor of each comparative example was found
to have a large absolute value of the threshold voltage Vth
and S value, and a small carrier mobility .

[0268] A2-4 Evaluation on Deterioration With Time
[0269] The carrier mobility u, threshold voltage Vth, and
S value of the thin-film transistor of the example A6 and the
comparative example A2 were measured again after being
left in an environment with a temperature of 25 degrees

centigrade, a water concentration of 10 ppm, and an oxygen
concentration of 10 ppm for three days and for 57 days. The
results of the measurement are listed in Table 2.

TABLE 2
Threshold
Carrier mobility ¢ voltage Vth S value
Days elapsed (em?/Vs) V) V)
Example A6 0 4.6x 107° 0 1.4
3 46x 107 0 1.4
57 45%x 107 0 1.4
Comparative 0 0.5x% 107 -6 2.6
example A2 3 0.5x 107° -6 2.7
57 0.2x 107 -8 35
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[0270] As shown in Table 2, the thin-film transistor of the
example A6 showed that it kept its original transistor prop-
erties after 57 days. However, the thin-film transistor of the
comparative example A2 showed significant deterioration in
its original transistor properties. This result shows that it is
possible to reduce the likelihood or prevent the organic layer
from being altered and deteriorated by containing an oxide
(metal compound) around the surface of the source electrode
and the drain electrode. This shows that it is possible to
enhance the properties of the thin-film transistor and reduce
the likelihood or prevent them from being altered and
deteriorated as time passes by containing an oxide contain-
ing a certain element around the surface of the source
electrode and the drain electrode.

[0271] B1 Manufacturing an Organic EL Element

Example B1

[0272] First, a glass substrate (OA10, made of NEC,
Corning) was prepared and cleaned with ethanol so as to
degrease its surface. After being dried, the glass substrate
was immersed in concentrated sulfuric acid so as to have a
rough surface. This way, a plating film to be formed in the
following step can have increased adhesiveness. Then, the
glass substrate was washed with pure water.

[0273] Next, a cycle of immersing the glass substrate in a
sensitivity increasing liquid for 15 seconds and the washing
of the substrate with pure water was repeated four times. As
the sensitivity increasing liquid, a solution (tin chloride (H)
solution) of 37 wt % concentrated hydrochloric acid (1
mL/L) and SnCl, (1 g/L). Then, an anode was provided on
the glass substrate to an average thickness of 100 nm in the
same manner as the example Al. Subsequently, a 1% wt/vol
water dispersion (BITRON P, made by Starck Witek) of
PEDOT/PSS  (poly(3,4-cthylenedioxythiophene/styrene-
sulfonate)) was applied on the anode by spin coating at 2400
rpm, and the substrate was dried at 60 degrees centigrade for
10 minutes. This way a hole transport layer was formed to
an average thickness of 50 nm.

[0274] Subsequently, a 1% wt/vol toluene solution of
F8T2  (poly(9,9-dioctylfluorene-co-bithiophene)) — was
applied on hole transport by spin coating at 2400 rpm, and
the substrate was dried at 60 degrees centigrade for 10
minutes. This way an emitting layer was formed to an
average thickness of 60 nm. Next, a film of calcium was
formed on the emitting layer by vacuum deposition. This
way an electron injection layer was formed to an average
thickness of 20 nm.

[0275] Next, a film of indium zinc oxide (IZO) was
formed on the electron injection layer by sputtering. This
way a cathode was formed to an average thickness of 100
nm. Then, a sealing member made of a glass material was
joined to the glass substrate so as to seal the anode, the hole
transport layer, the emitting layer, the electron injection
layer, and the cathode. The organic EL element shown in
FIG. 8 was thus manufactured through the above-mentioned
steps.

Example B2

[0276] In this example, the anode was formed in the same
manner as the example A3. With the other steps similar to
the example B1, an organic EL element was completed.
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Example B3

[0277] In this example, the anode was formed in the same
manner as the example A7. With the other steps similar to
the example B1, an organic EL element was completed.

Example B4

[0278] In this example, the anode was formed in the same
manner as the example A8. With the other steps similar to
the example B1, an organic EL element was completed.

Example B5

[0279] In this example, the anode was formed in the same
manner as the example Al1. With the other steps similar to
the example B1, an organic EL element was completed.

Example B6

[0280] In this example, the anode was formed in the same
manner as the example Al4. With the other steps similar to
the example B1, an organic EL element was completed.

Example B7

[0281] In this example, the anode was formed in the same
manner as the example A17. With the other steps similar to
the example B1, an organic EL element was completed.

Example B8

[0282] In this example, the anode was formed in the same
manner as the example A18. With the other steps similar to
the example B1, an organic EL element was completed.

Example B9

[0283] In this example, the anode was formed in the same
manner as the example A19. With the other steps similar to
the example B1, an organic EL element was completed.

[0284] Example B10

[0285] In this example, the anode was formed in the same
manner as the example A25. With the other steps similar to
the example B1, an organic EL element was completed.

Example B11

[0286] In this example, the anode was formed in the same
manner as the example A26. With the other steps similar to
the example B1, an organic EL element was completed.

Example B12

[0287] In this example, the anode was formed in the same
manner as the example A28. With the other steps similar to
the example B1, an organic EL element was completed.

Comparative Example B1

[0288] In this example, the anode was formed in the same
manner as the comparative example A1. With the other steps
similar to the example Bl, an organic EL element was
completed.

Comparative Example B2

[0289] In this example, the anode was formed in the same
manner as the comparative example A2. With the other steps
similar to the example Bl, an organic EL element was
completed.
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Comparative Example B3

[0290] In this example, the anode was formed in the same
manner as the comparative example A3. With the other steps
similar to the example B11, an organic EL element was
completed.

Reference Example

[0291] In this example, the anode was formed by forming
a film of indium tin oxide (ITO) by sputtering. With the other
steps similar to the example B1, an organic EL element was
completed.

[0292] B2 Evaluation
[0293] B2-1 Oxide Content Measurement
[0294] The oxide content measurement was carried out in

the same as in A2-1.
[0295]

[0296] The work function measurement was carried out in
the same as in A2-2,

[0297]

[0298] The luminescence intensity (luminance) of the
organic EL element of each example, each comparative
example, and the reference example was measured with a
voltage of 6 V being applied in between the anode and the
cathode. The results of the measurement are listed in Table
3. The luminescence intensity values in Table 3 are shown
relatively with the luminescence intensity of the compara-
tive example B2 being set as one.

B2-2 Work Function Measurement

B2-3 Luminescence Intensity Measurement

TABLE 3
Anode
Average Compound ~ Work  Luminescence

Ex- thickness Metal content  function intensity
ample (nm)*  compound (wt %) (eV)  (relative value)
B1 5 N0 85 5.0 27
B2 5 Cu(no 80 5.4 32
B3 5 CoO 83 5.0 24
B4 100 NiO 100 5.0 25
B5 100 Cu(IDO 100 5.4 30
B6 100 CoO 100 5.0 22
B7 100 SrCu,0, 100 5.4 28
B8 100 CuAlO, 100 5.4 26
B9 100 CuGaO, 100 5.4 27
B10 6 Cu(D),0 76 5.4 30
B11 8  Cu(D),S 81 5.0 30
B12 5 AgD,Cl 90 52 29
CE’B1  No compound included, whole Ni 5.0 0.9
CE’B2  No compound included, whole Cu 4.7 1
CE?’B3  No compound included, whole Co 5.0 0.7
RE® 100 ITO 100 4.8 20

The average thickness of a portion of the metal compound on the surface

of the anode
*Comparative example
*Reference example

[0299] As shown in Table 3, the luminescence intensity of
the organic EL element of each example was equal to or
higher than that of the reference example. Meanwhile, the
luminescence intensity of the organic EL element of each
comparative example was significantly lower than that of the
reference example to the extent that they were unsuitable for
practical use. The results were the same for an organic EL.

Mar. 17, 2005

element having an anode made of Ag. Here, the anode was
formed in the same manner as the comparative example A4.
With the other steps similar to the example B 1, the organic
EL element was completed. The luminescence intensity of
the organic EL element was 0.1 through 0.5 times as large
as that of the comparative example B2.

What is claimed is:
1. An electrode, comprising:

a surface having an organic layer made substantially of an
organic material;

an oxide including at least one of Cu, Ni, Co formed at the
surface of the electrode at least at the organic layer;

the electrode injecting a hole into the organic layer, the

organic layer having a function of transporting a hole.

2. The electrode according to claim 1, a content of the
oxide being 50 wt % or more.

3. The electrode according to claim 1, the oxide including
at least one of Sr, Al, Ga, Li, Na, K, Rb, Cs m addition to
Cu, Ni, Co.

4. An electrode, comprising:

a plurality of layers including an organic layer, a layer that
is closest to the organic layer of the plurality of layers,
having an oxide including at least one of Cu, Ni, Co, the
organic layer substantially made of an organic material
and having a function of transporting a hole, the
electrode injecting a hole into the organic layer.

5. The electrode according to claim 4, a content of the
oxide being 50 wt % or more in a layer that is closest to the
organic layer.

6. The electrode according to claim 4, the oxide including
at least one of Sr, Al, Ga, Li, Na, K, Rb, Cs in addition to
Cu, Ni, Co.

7. The electrode according to claim 4, among the plurality
of layers of the electrode a layer that is closest to the organic
layer having a larger work function than any other layer.

8. The electrode according to claim 7, the electrode being
made up of two layers, and a layer that is not the organic
layer being substantially made of Cu, Ni, Co, or an alloy
including Cu, Ni, Co.

9. An electrode, comprising:

a surface having an organic layer made substantially of
organic material;

at least one of a metal sulfide and a metal chloride formed
on the surface of the electrode at least at the organic
layer, the electrode injecting a hole into the organic
layer, the organic layer having a function of transport-
ing a hole.

10. An electrode, comprising:

a plurality of layers including an organic layer, a layer that
is closest to the organic layer, among the plurality of
layers, having at least one of a metal sulfide and a metal
chloride, the organic layer substantially made of an
organic material and having a function of transporting
a hole, the electrode injecting a hole into the organic
layer.

11. The electrode according to claim 9, the metal sulfide

being substantially a metal sulfide including Cu.

12. The electrode according to claim 9, the metal chloride

being substantially a metal chloride including Ag.
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13. A method to form the electrode according to claim 1,
comprising:

forming a metal film that is substantially made of Cu, Ni,
Co, or an alloy including Cu, Ni, Co; and

oxidizing a surface of the metal film by providing an
oxidization treatment to the metal film.
14. A thin-film transistor, comprising:

a source electrode including the electrode according to
claim 1, the organic layer being an organic semicon-
ductor layer that is substantially made of a p-type
organic semiconductor material.

15. A thin-film transistor, comprising:

an organic semiconductor layer that is substantially made
of a p-type organic semiconductor material; and

a source electrode that injects a hole into the organic
semiconductor layer, the source electrode including an
oxide including Ag at least on a side of the organic
semiconductor layer.

16. A thin-film transistor, comprising:

an organic semiconductor layer that is substantially made
of a p-type organic semiconductor material; and

a source electrode that injects a hole into the organic
semiconductor layer, the source electrode including a
plurality of layers; and

19
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a layer that is closest to the organic semiconductor layer

having an oxide including Ag.

17. The thin-film transistor according to claim 14, the
organic semiconductor material being substantially made of
a polymer organic semiconductor material.

18. The thin-film transistor according to claim 14, the
source electrode directly contacting with the organic semi-
conductor layer.

19. An electronic circuit, comprising:

the thin-film transistor according to claim 14.
20. An organic electroluminescent element, comprising:

an anode including the electrode according to claim 1; and

an organic electroluminescent layer including the organic
layer.
21. A display, comprising:

the electronic circuit according to claim 19.
22. A display, comprising:

the organic electroluminescent element according to
claim 20.
23. Electronic equipment, comprising:

the display according to claim 21.
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