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o (57) Abstract: To provide a redox capacitor that can be used at room temperature and a manufacturing method thereof. Amor
phous semiconductor including hydrogen is used as an electrolyte of a redox capacitor. As a typical example of the amorphous
semiconductor including hydrogen, an amorphous semiconductor including a semiconductor element such as amorphous silicon,
amorphous silicon germanium, or amorphous germanium can be used. As another example of the amorphous semiconductor in

o cluding hydrogen, oxide semiconductor including hydrogen can be used. As typical examples of the oxide semiconductor includ
ing hydrogen, an amorphous semiconductor including a single-component oxide semiconductor such as zinc oxide, titanium ox

o ide, nickel oxide, vanadium oxide, and indium oxide can be given. As another example of oxide semiconductor including hydro
gen, a multi-component oxide semiconductor such as In 0 (ZnO) m (m> 0 and M is one or more metal elements selected from Ga,
Fe, Ni, Mn, and Co) can be used.



DESCRIPTION

REDOX CAPACITORAND MANUFACTURINGMETHOD THEREOF

TECHNICAL FIELD

[0001]

The present invention relates to a redox capacitor and a manufacturing method

thereof.

BACKGROUND ART

[0002]

Electrochemical capacitors have been developed in recent years. The

electrochemical capacitors include, in its category, an electric double-layer capacitor

(EDLC) that utilizes capacitance formed by electrostatically storing positive and

negative charges at interfaces between electrodes and an electrolytic solution, and a

redox capacitor that utilizes capacitance that is stored along an electron transfer process

(Faraday process) on an electrode surface.

[0003]

As an electrolyte of the redox capacitor, an acid aqueous solution such as

sulfuric acid or hydrochloric acid, cesium hydrogensulfate, or the like is used (see

Patent Document 1 and Patent Document 2).

[Reference]

[0004]

[Patent Document 1] Japanese Published Patent Application No. 2003-109875

[Patent Document 2] Japanese Published Patent Application No. 2007-123833

DISCLOSURE OF INVENTION

[0005]

However, in the case of using an acid aqueous solution as an electrolyte of the

redox capacitor, there is a problem of corrosion of the electrode. In addition, in the

case of using cesium hydrogensulfate as an electrolyte of the redox capacitor, cesium

hydrogensulfate needs to be used at a temperature higher than or equal to about 143 °C:



structural phase transition of cesium hydrogensulfate occurs at about 143 °C.

Meanwhile, for the usage at room temperature, moisture is necessary; thus, the redox

capacitor needs to be used in an atmosphere in which the humidity is increased, which

causes a problem of increase in size of the redox capacitor.

[0006]

An object of an embodiment of the present invention is to provide a redox

capacitor that can be used at room temperature and a manufacturing method thereof.

[0007]

According to an embodiment of the present invention, amorphous

semiconductor including hydrogen is used as an electrolyte of a redox capacitor. As

the amorphous semiconductor including hydrogen, amorphous silicon, amorphous

silicon germanium, or amorphous germanium can be used. As the amorphous

semiconductor including hydrogen, oxide semiconductor including hydrogen can be

used. As typical examples of the oxide semiconductor including hydrogen, zinc oxide,

titanium oxide, nickel oxide, vanadium oxide, and indium oxide can be given. As the

amorphous semiconductor including hydrogen, an In-M-Zn-oxide semiconductor (M is

one or more metal elements selected from Al, Ga, Fe, Ni, Mn, and Co) can be used. A

crystal of InAf03(ZnO)m (m > 0) may be included in the amorphous structure. Further,

nitrogen may be included in the In-M-Zn-oxide semiconductor. When nitrogen is

included, the hydrogen concentration in the In-M-Zn-oxide semiconductor can be

increased.

[0008]

According to an embodiment of the present invention, the electrolyte of the

redox capacitor is formed by a sputtering method, a CVD method, a printing method, a

sol-gel method, a dip coating method, or the like. After amorphous semiconductor is

deposited over a substrate or an active material, heating is performed in an atmosphere

containing hydrogen to form amorphous semiconductor including hydrogen as the

electrolyte. Alternatively, after amorphous semiconductor is deposited over a substrate

or an active material, hydrogen is added into the amorphous semiconductor by an ion

doping method or an ion implantation method to form amorphous semiconductor

including hydrogen as the electrolyte.



[0009]

By employing an embodiment of the present invention, a redox capacitor

which can operate at room temperature and has a simple structure can be manufactured.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

In the accompanying drawings:

FIG 1 is a cross-sectional view showing a structure of a redox capacitor;

FIGS. A to 2C show a charging mechanism of a redox capacitor;

FIGS. 3A and 3B are cross-sectional views each showing a structure of a redox

capacitor;

FIGS. 4A and 4B are plan views each showing a structure of a redox capacitor;

FIGS. 5A to 5C are cross-sectional views each showing a structure of a redox

capacitor;

FIGS. 6A and 6B are cross-sectional views each showing a structure of a redox

capacitor; and

FIG 7 shows a cyclic voltammogram of a redox capacitor.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011]

Hereinafter, embodiments of the present invention will be described with

reference to the drawings. Note that the present invention is not limited to the

description below, and it is easily understood by those skilled in the art that modes and

details disclosed herein can be modified in various ways without departing from the

spirit and the scope of the present invention. Therefore, the present invention is not

construed as being limited to description of the embodiments. In description with

reference to the drawings, in some cases, the same reference numerals are used in

common for the same portions in different drawings. Further, in some cases, the same

hatching patterns are applied to similar parts, and the similar parts are not necessarily

designated by reference numerals.

[0012]

(Embodiment 1)



In this embodiment, an embodiment of a redox capacitor structure will be

described with reference to FIG 1.

[0013]

Over a substrate 100, a first current collector 102, a first active material 104

formed over the first current collector 102, an electrolyte 106 formed over the first

active material 104, a second active material 108 formed over the electrolyte 106, and a

second current collector 110 formed over the second active material 108 are included.

[0014]

For the substrate 100, glass, quartz, ceramic such as alumina or plastic can be

used. As the plastic, a fiberglass-reinforced plastics (FRP) plate, a polyvinyl fluoride

(PVF) film, a polyester film, or an acrylic resin film can be used.

[0015]

One of the first current collector 102 and the second current collector 110

functions as a positive electrode current collector, and the other functions as a negative

electrode current collector. As the first current collector 102 and the second current

collector 110, an element such as aluminum, nickel, titanium, copper, gold, silver,

platinum, or cobalt or an alloy or a compound including the element is used.

[0016]

Conductive carbon such as activated carbon or a conductive polymer such as

polyaniline, polythiophen, or polypyrrole can be used as the first current collector 102

and the second current collector 110.

[0017]

Although not illustrated in FIG 1, one of the first current collector 102 and the

second current collector 110 is connected to one of a positive electrode terminal and a

negative electrode terminal, and the other of the first current collector 102 and the

second current collector 110 is connected to the other of the positive electrode terminal

and the negative electrode terminal.

[0018]

One of the first active material 104 and the second active material 108

functions as a positive electrode active material, and the other functions as a negative

electrode active material.

[0019]



One or more of ruthenium oxide, iridium oxide, cobalt oxide, manganese oxide,

tungsten oxide, niobium oxide, iron oxide, and the like can be used as the first active

material 104 and the second active material 108.

[0020]

In the case of using a conductive polymer such as polyaniline, polythiophen, or

polypyrrole as the first current collector 102 and the second current collector 110, the

conductive polymer functions as an active material as well as functioning as the current

collector, without the first active material 104 and the second active material 108

provided.

[0021]

The electrolyte 106 is formed using solid-state amorphous semiconductor

including hydrogen. As a typical example of the amorphous semiconductor including

hydrogen, an amorphous semiconductor including a semiconductor element such as

amorphous silicon, amorphous silicon germanium, or amorphous germanium can be

given. As another example of the amorphous semiconductor including hydrogen, an

oxide semiconductor including hydrogen can be given, and typically an amorphous

semiconductor including a single-component oxide semiconductor such as zinc oxide,

titanium oxide, nickel oxide, vanadium oxide, or indium oxide can be given. Further,

as another example of the oxide semiconductor including hydrogen, a multi-component

oxide semiconductor such as an In-M-Zn-oxide semiconductor (M is one or more metal

elements selected from Al, Ga, Fe, Ni, Mn, and Co) can be typically given: a crystal of

InM0 3(ZnO)m (m > 0) may be included in the amorphous structure. Further, nitrogen

may be included in the In-M-Zn-oxide semiconductor. When nitrogen is included, the

hydrogen concentration in the In-M-Zn-oxide semiconductor can be increased.

[0022]

As an alternative to the above, an In-Sn-oxide semiconductor, an

In-Sn-Zn-oxide semiconductor, an In-Al-Zn-oxide semiconductor, a Sn-Ga-Zn-oxide

semiconductor, an Al-Ga-Zn-oxide semiconductor, a Sn-Al-Zn-oxide semiconductor, an

In-Zn-oxide semiconductor, a Sn-Zn-oxide semiconductor, or an Al-Zn-oxide

semiconductor can be used as the oxide semiconductor including hydrogen. Moreover,

silicon oxide may be included in the above metal oxide.

[0023]



The oxide semiconductor including hydrogen may be a hydrated oxide. The

preferable hydration number of the hydrated oxide depends on the kind of the metal.

[0024]

Note that a protective layer 112 may be provided around the redox capacitor.

Silicon nitride, diamond like carbon (DLC), silicon oxide, or the like can be used for the

protective layer 112. The protective layer 112 provided around the redox capacitor

enables stable operation of the redox capacitor and the reduction of the deterioration.

[0025]

A charging and discharging mechanism of the redox capacitor described in this

embodiment will be described below. The following description is made using a redox

capacitor in which an electrolyte is formed using an oxide semiconductor ( indicates

metal and O indicates oxygen) including hydrogen.

[0026]

In the case of the charging reaction, when voltage is applied to the redox

capacitor from the outside, H 400 bonded to 0 1 as illustrated in FIG 2A is rearranged as

illustrated in FIG 2B and then forms a bond with 0 2 as illustrated in FIG 2C. By this

application of voltage to the amorphous semiconductor including hydrogen, hydrogen

on the positive electrode side in the amorphous semiconductor is diffused by proton

hopping and transfers to the negative electrode. Electrons transfer from the positive

electrode to the negative electrode; thus, charging can be performed. Since amorphous

semiconductor includes more defects than crystalline semiconductor, proton hopping of

hydrogen is more likely to be caused in the amorphous semiconductor.

[0027]

In the case of the discharging reaction, the reaction proceeds in the order

reverse to the charging reaction, that is, in the order of FIG 2C, FIG 2B, and FIG 2A.

In other words, hydrogen on the negative electrode side in the amorphous

semiconductor is diffused by proton hopping and transfers to the positive electrode and

electrons flow from the negative electrode to the positive electrode; in this manner, a

current flows.

[0028]

Note that i the case where the amorphous semiconductor is amorphous silicon,

amorphous silicon germanium, or amorphous germanium, since many defects are



included therein, hydrogen transfers between electrodes by proton hopping through the

defects in a similar manner; thus, charging and discharging can be performed.

[0029]

As described above, a redox capacitor can be manufactured by using

amorphous semiconductor including hydrogen as an electrolyte.

[0030]

(Embodiment 2)

In this embodiment, a structure of a redox capacitor, which is different from the

structure in Embodiment 1, will be described with reference to FIGS. 3A and 3B.

[0031]

A redox capacitor illustrated in FIG 3A includes an electrolyte 126 formed

over a substrate 120, a first active material 124 and a second active material 128 which

are formed over the electrolyte 126, a first current collector 122 formed over the first

active material 124, and a second current collector 130 formed over the second active

material 128.

[0032]

The redox capacitor illustrated in FIG 3B includes a first current collector 142

and a second current collector 150 which are formed over a substrate 140, a first active

material 144 formed over the first current collector 142, a second active material 148

formed over the second current collector 150, and an electrolyte 146 which covers side

surfaces of the first current collector 142 and the second current collector 150 and top

surfaces and side surfaces of the first active material 144 and the second active material

148.

[0033]

The first current collectors 122 and 142 and the second current collectors 130

and 150 illustrated in FIGS. 3A and 3B can be formed using a material similar to that of

the first current collector 102 and the second current collector 110 described in

Embodiment 1.

[0034]

The first active materials 124 and 144 and the second active materials 128 and

148 illustrated in FIGS. 3A and 3B can be formed using a material similar to that of the

first active material 104 and the second active material 108 described in Embodiment 1.



[0035]

The electrolytes 126 and 146 illustrated in FIGS. 3A and 3B can be formed

using a material similar to that of the electrolyte 106 described in Embodiment 1.

[0036]

Note that a protective layer 132 and a protective layer 152 may be provided

around the redox capacitors. The protective layers 132 and 152 can be formed using a

material similar to that of the protective layer 112 described in Embodiment 1.

[0037]

FIGS. 4A and 4B are plan views of the redox capacitor illustrated in FIG. 3A.

[0038]

As illustrated in FIG 4A, the first current collector 122 and the second current

collector 130 can be arranged in parallel to each other. Alternatively, the first current

collector 122 and the second current collector 130 may have a comb shape as illustrated

in FIG 4B. When the first current collector 122 and the second current collector 130

are arranged in parallel or have a comb shape in this manner, the facing area between

the first current collector 122 and the second current collector 130 can be increased,

whereby the discharging capacitance of the redox capacitor can be increased.

[0039]

The first current collector 122 is connected to one 136 of a positive electrode

terminal and a negative electrode terminal, and the second current collector 130 is

connected to the other 134 of the positive electrode terminal and the negative electrode

terminal. The connection method of the current collector and the positive or negative

electrode terminal is not limited, and the combination of the current collectors with the

positive electrode terminal and the negative electrode terminal may be changed as

appropriate.

[0040]

Note that the first current collector 142 and the second current collector 150 of

the redox capacitor illustrated in FIG 3B can also be arranged in a shape similar to

either of the shapes illustrated in FIGS. 4A and 4B.

[0041]

(Embodiment 3)

In this embodiment, redox capacitors capable of increasing the capacitance



more than those of Embodiments 1 and 2 will be described with reference to FIGS. 5A

to 5C. The redox capacitors described in this embodiment is characterized in that a

first current collector or an electrolyte formed over a substrate has a projection and

depression shape.

[0042]

The redox capacitor illustrated in FIG 5A includes a first current collector 162

having a projection and depression shape formed over a substrate 160, a first active

material 164 formed over the first current collector 162, an electrolyte 166 formed over

the first active material 164, a second active material 168 formed over the electrolyte

166, and a second current collector 170 formed over the second active material 168.

[0043]

The redox capacitor illustrated in FIG 5B includes an electrolyte 186 having a

projection and depression shape formed over a substrate 180, a first active material 184

and a second active material 188 which are formed over the electrolyte 186, a first

current collector 182 formed over the first active material 184, and a second current

collector 190 formed over the second active material 188.

[0044]

The redox capacitor illustrated in FIG. 5C includes a first current collector 202

and a second current collector 210 each having a projection and depression shape and

formed over a substrate 200, a first active material 204 formed over the first current

collector 202, a second active material 208 formed over the second current collector 210,

and an electrolyte 206 which covers side surfaces of the first current collector 202 and

the second current collector 210 and top surfaces and side surfaces of the first active

material 204 and the second active material 208.

[0045]

The first current collectors 162, 182, and 202 and the second current collectors

170, 190, and 210 illustrated in FIGS. 5A to 5C can be formed using a material similar

to that of the first current collector 102 and the second current collector 110 described in

Embodiment 1.

[0046]

The first active materials 164, 184, and 204 and the second active materials 168,

188, and 208 illustrated in FIGS. 5Ato 5C can be formed using a material similar to that



of the first active material 104 and the second active material 108 described in

Embodiment 1.

[0047]

The electrolytes 166, 186, and 206 illustrated in FIGS. 5Ato 5C can be formed

using a material similar to that of the electrolyte 106 described in Embodiment 1.

[0048]

Note that a protective layer 172, a protective layer 192, and a protective layer

212 may be provided so as to cover the redox capacitors. The protective layers 172,

192, and 212 can be formed using a material similar to that of the protective layer 112

described in Embodiment 1.

[0049]

When a current collector formed over a substrate has a projection and

depression shape, the contact area between an active material and an electrolyte, which

are stacked over the current collector, is increased. Further, when an electrolyte

formed over a substrate has a projection and depression shape, the contact area between

the electrolyte and the active material formed over the electrolyte is increased.

Accordingly, the discharging capacitance of the redox capacitor can be increased as

compared to that of Embodiments 1 and 2.

[0050]

(Embodiment 4)

In this embodiment, a manufacturing method of a redox capacitor will be

described. In this embodiment, a manufacturing method of the redox capacitor

described in Embodiment 1 will be described.

[0051]

As illustrated in FIG 1, the first current collector 102 is formed over the

substrate 100. The first current collector 102 is formed by a sputtering method, an

evaporation method, a plating method, a printing method, a CVD method, an ink-jet

method, or the like.

[0052]

Next, the first active material 104 is formed over the first current collector 102.

The first active material 104 is formed by a sputtering method, an evaporation method,

a printing method, or the like.



[0053]

Next, the electrolyte 106 is formed over the first active material 104. The

electrolyte 106 is formed by a sputtering method, a CVD method, a printing method, a

sol-gel method, a dip coating method, an ink-jet method, or the like.

[0054]

In the case of forming the electrolyte 106 using a sputtering method, sputtering

is performed using semiconductor including hydrogen as a target and using a rare gas or

a rare gas and hydrogen as a sputtering gas; thus, amorphous semiconductor including

hydrogen can be deposited over the first active material 104. Note that in the case of

using hydrogen as the sputtering gas, the target need not necessarily include hydrogen.

Typically, sputtering is performed using a silicon target including hydrogen, a

germanium target including hydrogen, or a silicon germanium target including hydrogen,

and using a rare gas and/or hydrogen as a sputtering gas to deposit amorphous silicon,

amorphous germanium, or amorphous silicon germanium. Alternatively, in the

sputtering, zinc oxide including hydrogen, titanium oxide including hydrogen, nickel

oxide including hydrogen, vanadium oxide including hydrogen, indium oxide including

hydrogen, or an In-Af-Zn-oxide semiconductor including hydrogen M is one or more

metal elements selected from Al, Ga, Fe, Ni, Mn, and Co) can be used as a target, and a

rare gas and/or hydrogen can be used as a sputtering gas to deposit amorphous

semiconductor including hydrogen over the first active material 104. Note that in the

case of using hydrogen as the sputtering gas, the target need not necessarily include

hydrogen. Reactive sputtering can be used. Typically, sputtering is performed using

zinc, titanium, nickel, vanadium, indium, or an In- -Zn ( is one or more metal

elements selected from Al, Ga, Fe, Ni, Mn, and Co) as a target, and using a rare gas and

oxygen, or a rare gas, oxygen, and hydrogen as a sputtering gas; thus, amorphous

semiconductor including hydrogen can be deposited over the first active material 104.

Note that in the case where hydrogen is included in the target, hydrogen need not

necessarily be used for the sputtering gas.

[0055]

Further, in the case of forming the electrolyte 106 using a CVD method, a gas

including a hydrogen atom is used as a source gas in the CVD method; thus, amorphous

semiconductor including hydrogen can be deposited over the first active material 104.



Typically, the amorphous semiconductor including hydrogen can be deposited over the

first active material 104 using a plasma CVD method with the use of silane, disilane,

and/or germane. Note that hydrogen or hydrogen and a rare gas may be used as the

source gas.

[0056]

Then, the second active material 108 is formed over the electrolyte 106. The

second active material 108 can be formed in a manner similar to that of the first active

material 104.

[0057]

Next, the second current collector 110 is formed over the second active

material 108. The second current collector 110 can be formed in a manner similar to

that of the first current collector 102.

[0058]

Then, the protective layer 112 may be formed by a sputtering method, a CVD

method, or the like. Further, an adhesive sheet may be attached.

[0059]

Through the above-described process, a redox capacitor can be manufactured.

[0060]

Although a manufacturing method of the redox capacitor having the structure

of Embodiment 1 is described in this embodiment, this embodiment can be applied to

manufacturing methods of the redox capacitors having the structures of Embodiment 2

and 3 as appropriate. In the redox capacitors illustrated in FIGS. 3A and 3B of

Embodiment 2 and the redox capacitors illustrated in FIGS. 5B and 5C of Embodiment

3, the first current collector and the second current collector can be formed at the same

time. In addition, the first active material and the second active material can be

formed at the same time. Therefore, the number of steps for manufacturing the redox

capacitors can be reduced.

[0061]

The first current collector 162 having a projection and depression shape, the

electrolyte 186 having a projection and depression shape, and the first current collector

202 and the second current collector 210 each having a projection and depression shape,

which are described in Embodiment 3, can be formed in such a manner that a thin film



is formed over a substrate, a resist mask having a projection and depression shape is

formed over the thin film in a photolithography process, and the thin film over the

substrate is etched anisotropically with the use of the resist mask. Note that the resist

mask having a projection and depression shape can be formed in a photolithography

process in which a half-tone mask or a gray-tone mask is used. Alternatively, the resist

mask having a projection and depression shape can be formed by reduced-projection

light exposure with the use of a stepper.

[0062]

In this embodiment, a plurality of redox capacitors can be manufactured over

one substrate using a semiconductor manufacturing apparatus, so that productivity can

be increased.

[0063]

(Embodiment 5)

In this embodiment, a manufacturing method of the electrolyte 106, which is

different from that in Embodiment 4, will be described.

[0064]

This embodiment is characterized in that after amorphous semiconductor is

formed over the first active material 104, hydrogen is added into the amorphous

semiconductor. Typically, after amorphous semiconductor is deposited over the first

active material 104, heating is performed in a hydrogen atmosphere, whereby

amorphous semiconductor including hydrogen can be formed as the electrolyte 106.

Alternatively, after amorphous semiconductor is deposited over the first active material

104, hydrogen may be added into the amorphous semiconductor by an ion doping

method or an ion implantation method, so that amorphous semiconductor including

hydrogen can be formed as the electrolyte 106.

[0065]

In this embodiment, a plurality of redox capacitors can be manufactured over

one substrate using a semiconductor manufacturing apparatus, so that productivity can

be increased.

[0066]

(Embodiment 6)

Sealing structures of the redox capacitors described in Embodiments 1 to 3 will



be described with reference to FIGS. 6A and 6B. In this embodiment, description is

made using the redox capacitor described in Embodiment 2.

[0067]

As illustrated in FIG 6A, the redox capacitor is sealed with a sealing member

302. In this case, although not illustrated, an external terminal connected to the first

current collector 122 and an external terminal connected to the second current collector

130 protrude through the sealing member 302. Note that the atmosphere inner than the

sealing member 302 may have a reduced pressure. The region inner than the sealing

member 302 may be filled with an inert gas. As the sealing member 302, a laminated

film, a metal sealant can, or the like can be used. In FIG. 6A, a plurality of substrates

over which a redox capacitor is formed may be stacked so that the redox capacitors are

connected in series or in parallel.

[0068]

As illustrated in FIG 6B, the redox capacitor can be sealed with an organic

resin 304. In this case, although not illustrated, an external terminal connected to the

first current collector 122 and an external terminal connected to the second current

collector 130 protrude through the organic resin 304. Since the electrolytes in the

redox capacitors of Embodiments 1 to 3 are solid, the redox capacitors can be easily

sealed with the organic resin 304. Note that in FIG 6B, a plurality of substrates over

which a redox capacitor is formed may be stacked so that the redox capacitors are

connected in series or in parallel and then the redox capacitors may be sealed with the

organic resin 304.

[0069]

When redox capacitors formed over different substrates are connected in series,

charge voltage and discharge voltage can be increased. When redox capacitors formed

over different substrates are connected in parallel, capacitance can be increased.

(Example 1)

[0070]

In this example, a manufacturing method of a redox capacitor in which an

In-Ga-Zn oxide semiconductor including hydrogen as an electrolyte is used, and

measurement results of electric characteristics of the redox capacitor by cyclic

voltammetry will be described.



[0071]

A film of In-Ga-Zn-oxide semiconductor including hydrogen with a thickness

of 100 nm was formed as an electrolyte over a glass substrate by a sputtering method.

The film formation conditions at this time are as follows. The composition of the

target was In: Ga: Zn = 1 : 1 : 0.5, 30 seem of Ar and 15 seem of 0 2 were used for a

sputtering gas, the pressure was 0.4 Pa, the power supply voltage was 0.5 kW, the

distance between electrodes was 60 mm, and the film formation temperature was room

temperature. The composition of the In-Ga-Zn-oxide semiconductor formed over the

glass substrate was analyzed with an electron probe X-ray microanalyzer (EPMA), so

that the composition was found to be as follows: O: Ga: In: Zn = 61.3 : 15.8 : 16.8 : 6.

In addition, the concentration of hydrogen was found to be 7 x 1020 atoms/cm3 by

secondary ion mass spectrometry (SIMS).

[0072]

Next, two carbon plates having a thickness of 0.5 mm, a width of 10 mm, and a

length of 63 mm were prepared as current collectors, a mixture including ruthenium

oxide was applied onto the carbon plates, and then the surfaces on which the mixture

including ruthenium oxide was applied were pressed on the electrolyte. The distance

between the two carbon plates was 1 mm at this time. A mixture including 0.05 g of

ruthenium oxide and 1 ml of water was used as the mixture of ruthenium oxide at this

time.

[0073]

Then, in order to keep insulation between the two carbon plates, an adhesive

sheet is pressure-bonded to the exposed In-Ga-Zn-oxide semiconductor, so that a redox

capacitor was manufactured.

[0074]

Next, electric characteristics of the redox capacitor were measured by cyclic

voltammetry. The measurement conditions at this time were as follows: the charge

voltage and discharge voltage were 0 V to 1 V, the scanning speed was 100 mV/s, the

number of cycles was five, and the measurement interval was 100 ms. The cyclic

voltammogram at this time is shown in FIG 7.

[0075]



From FIG. 7, it can be found that a redox capacitor can be manufactured using

an In-Ga-Zn-oxide semiconductor for an electrolyte.

This application is based on Japanese Patent Application serial no.

2009-227354 filed with Japan Patent Office on September 30, 2009, the entire contents

of which are hereby incorporated by reference.



CLAIMS

1. A redox capacitor comprising an electrolyte formed using amorphous

semiconductor including hydrogen.

2. The redox capacitor according to claim 1, wherein the amorphous

semiconductor including hydrogen is amorphous silicon, amorphous silicon germanium,

or amorphous germanium.

3. The redox capacitor according to claim 1, wherein the amorphous

semiconductor including hydrogen is oxide semiconductor including hydrogen.

4. A redox capacitor comprising an electrolyte formed using amorphous

semiconductor including hydrogen, wherein the amorphous semiconductor including

hydrogen is oxide semiconductor including hydrogen.

5. The redox capacitor according to claim 4, wherein the oxide semiconductor

including hydrogen is zinc oxide, titanium oxide, nickel oxide, vanadium oxide, or

indium oxide.

6. The redox capacitor according to claim 4, wherein the amorphous

semiconductor including hydrogen is an In-Af-Zn-oxide semiconductor and wherein M

is one or more metal elements selected from Al, Ga, Fe, Ni, n, and Co.

7. A manufacturing method of a redox capacitor comprising a step of forming

an electrolyte using amorphous semiconductor including hydrogen over a first active

material which is formed over a substrate and in contact with a first current collector.

8. The manufacturing method of a redox capacitor according to claim 7,

wherein a second active material in contact with the electrolyte and a second current

collector in contact with the second active material are formed.

9. A manufacturing method of a redox capacitor comprising steps of forming a



first active material and a second active material which are in contact with the

electrolyte and forming a first current collector in contact with the first active material

and a second current collector in contact with the second active material, after a step of

forming the electrolyte using amorphous semiconductor including hydrogen over a

substrate.

10. A manufacturing method of a redox capacitor comprising a step of forming

an electrolyte using amorphous semiconductor including hydrogen which is in contact

with a first active material and a second active material, after steps of forming a first

current collector and a second current collector over a substrate, forming the first active

material in contact with the first current collector, and forming the second active

material in contact with the second current collector.

11. The manufacturing method of a redox capacitor according to claim 7,

wherein the electrolyte is formed by sputtering using a target including hydrogen.

12. The manufacturing method of a redox capacitor according to claims 9,

wherein the electrolyte is formed by sputtering using a target including hydrogen.

13. The manufacturing method of a redox capacitor according to claims 10,

wherein the electrolyte is formed by sputtering using a target including hydrogen.

14. The manufacturing method of a redox capacitor according to claim 7,

wherein the electrolyte is formed by sputtering a target with the use of hydrogen.

15. The manufacturing method of a redox capacitor according to claim 9,

wherein the electrolyte is formed by sputtering a target with the use of hydrogen.

16. The manufacturing method of a redox capacitor according to claim 10,

wherein the electrolyte is formed by sputtering a target with the use of hydrogen.

17. The manufacturing method of a redox capacitor according to claim 7,



wherein the electrolyte is formed by a CVD method using a source gas including a

hydrogen atom.

18. The manufacturing method of a redox capacitor according to claim 9,

wherein the electrolyte is formed by a CVD method using a source gas including a

hydrogen atom.

19. The manufacturing method of a redox capacitor according to claim 10,

wherein the electrolyte is formed by a CVD method using a source gas including a

hydrogen atom.

20. The manufacturing method of a redox capacitor according to claim 7,

wherein the amorphous semiconductor including hydrogen is formed as the electrolyte

by performing heating in an atmosphere of hydrogen after amorphous semiconductor is

deposited over the substrate, the first active material, or the second active material.

21. The manufacturing method of a redox capacitor according to claim 9,

wherein the amorphous semiconductor including hydrogen is formed as the electrolyte

by performing heating in an atmosphere of hydrogen after amorphous semiconductor is

deposited over the substrate, the first active material, or the second active material.

22. The manufacturing method of a redox capacitor according to claim 10,

wherein the amorphous semiconductor including hydrogen is formed as the electrolyte

by performing heating in an atmosphere of hydrogen after amorphous semiconductor is

deposited over the substrate, the first active material, or the second active material.

23. The manufacturing method of a redox capacitor according to claim 7,

wherein the amorphous semiconductor including hydrogen is formed as the electrolyte

by adding hydrogen into amorphous semiconductor after the amorphous semiconductor

is deposited over the substrate, the first active material, or the second active material.

24. The manufacturing method of a redox capacitor according to claim 9,



wherein the amorphous semiconductor including hydrogen is formed as the electrolyte

by adding hydrogen into amorphous semiconductor after the amorphous semiconductor

is deposited over the substrate, the first active material, or the second active material.

25. The manufacturing method of a redox capacitor according to claim 10,

wherein the amorphous semiconductor including hydrogen is formed as the electrolyte

by adding hydrogen into amorphous semiconductor after the amorphous semiconductor

is deposited over the substrate, the first active material, or the second active material.
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