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anodic oxide film layer is formed on a rough-
ened surface of an aluminum foil by way of a
first conversion treatment, a hydrated film is
formed by way of boiling water immersion (or
a suitable alternative) and partial consumption
of the amorphous anodic oxide film layer; the
hydrated film and the remaining amorphous an-
odic oxide film layer are provided with a sec-
ond conversion treatment at a formation voltage
lower than that of the first conversion treatment
such that an anodic foil is formed from reoxida-
tion of the partially consumed amorphous an-
odic oxide film layer; and a conductive poly-
meric layer is formed on a surface of hydrated
film located upon the anodic foil.

100 150 200
Voltage, ViV

250



WO 2011/121984 PCT/JP2011/001840

Description

Title of Invention: SOLID ELECTROLYTIC CAPACITOR
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Technical Field

The present invention relates to a solid electrolytic capacitor having a conductive
polymeric compound as a solid electrolyte, and more particularly to a solid electrolytic
capacitor that has been improved for better withstand voltage characteristics, and a
method for producing the same.

Background Art

Electrolytic capacitors comprising a metal having a valve action like aluminum and
the like can obtain smaller size and higher capacitance by way of changing the shape
of a valve metal used as an anodic electrode to be an etched foil and the like so as to
enlarge the surface area of a dielectric material, and thus are in widespread general use.
In particular, solid electrolytic capacitors comprising a solid electrolyte as an
electrolyte have features of smaller size and higher capacitance and also have a low
equivalent series resistance.

Examples of the known solid electrolytes used for a solid electrolytic capacitor
include a conductive polymer having a high conductance and a remarkable adhesion to
the oxide film layer of the anodic electrode. Examples of the known conductive
polymers include polyaniline, polythiophene and polyethylenedioxy thiophene.

In particular, polyethylenedioxy thiophene (hereinafter, PEDQOT) has received
attention as a conductive polymer capable of having greater withstand voltage because
PEDOT can have greater withstand voltage relative to the thickness of an oxide film. A
capacitor comprising the PEDOT is fabricated by way of a chemical oxidative poly-
merization in the following manner.

Namely, a capacitor element is formed by the anode and cathode electrode foils
wound together with an intervening separator, and the capacitor element is im-
pregnated with a solution containing EDOT and oxidizing agent, and is heated to form
a PEDOT polymeric layer between the two electrode foils such that a solid electrolytic
capacitor is formed. One such solid electrolytic capacitor is described in Japanese
Laid-open Patent Publication No. H09-293639.

Unlike a conventional electrolytic solution capacitor, this type of solid electrolytic
capacitor has a poor capacity to form an oxide film, and thus has limited withstand
voltage characteristics. Accordingly, an electrolytic capacitor has been suggested that
employs both electrolytic solution and solid electrolyte as electrolyte such that an
oxide film formation capacity of the electrolytic solution is retained while remarkable

characteristics of solid electrolytic capacitors are maintained. One such electrolytic
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capacitor is described in Japanese Laid-open Patent Publication No. 2000-021689.
Citation List

Patent Literature
PTL 1: Patent H09-293639
PTL 2: Patent 2000-021689

Summary of Invention
Technical Problem

This type of solid electrolytic capacitor has merely several tens of volts in rated

voltage.

Solution to Problem

In this context, the present invention is intended to provide a high-voltage solid elec-
trolytic capacitor having a rated voltage of several hundreds of volts.
Advantageous Effects of Invention

A solid electrolytic capacitor as a first aspect of the present invention, to address the
above-mentioned problems, is an electrolytic capacitor wherein: an amorphous anodic
oxide film layer is formed on a roughened surface of an aluminum foil by way of a
first conversion treatment; a hydrated film is formed by way of boiling water
immersion (or suitable alternative) and partial consumption of the amorphous anodic
oxide film layer; the hydrated film and the partially consumed amorphous anodic oxide
film layer thereunder are provided with a second conversion treatment at a formation
voltage lower than that of the first conversion treatment such that an amorphous anodic
foil is formed from the partially consumed amorphous anodic oxide film layer (i.e., the
partially consumed amorphous anodic oxide film layer is reformed as an amorphous
anodic foil); and a conductive polymeric layer is formed on a surface of the hydrated
film that is located upon the amorphous anodic foil.

A method for producing a solid electrolytic capacitor as a second aspect of the
present invention, to address the above-mentioned problems, is a method comprising
the steps of: forming an amorphous anodic oxide film layer on a roughened surface of
an aluminum foil by way of a first conversion treatment; forming a hydrated film by
way of boiling water immersion (or suitable alternative) and partial consumption of the
amorphous anodic oxide film layer; providing the hydrated film and the partially
consumed amorphous anodic oxide film layer thereunder with a second conversion
treatment at a formation voltage lower than that of the first conversion treatment such
that an amorphous anodic foil is formed from the partially consumed amorphous
anodic oxide film layer; and forming a conductive polymeric layer on a surface of the
hydrated film that is formed upon the amorphous anodic foil.

Employment of the solid electrolytic capacitor according to the present invention
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would achieve a high-voltage solid electrolytic capacitor having a rated voltage of
several hundreds of volts while remarkable characteristics of solid electrolytic ca-
pacitors are maintained.

Brief Description of Drawings

[fig.1]Fig 1 is a view of the current-voltage behavior of Embodiment 1 of the solid
electrolytic capacitor according to the present invention.

[fig.2]Fig. 2 is a view of the current-voltage behavior of Embodiment 2 of the solid
electrolytic capacitor according to the present invention.

[fig.3]Fig. 3 is a view of the current-voltage behavior of Embodiment 3 of the solid
electrolytic capacitor according to the present invention.

Description of Embodiments

A detailed explanation of an embodiment will be given below.

Following is a description of the method for producing the solid electrolytic capacitor
according to the present invention.

First, an amorphous anodic oxide film layer (i.e. an amorphous aluminum containing
oxide layer) having a thickness from about 420 to about 1260 nanometers is formed on
a roughened surface of an aluminum foil (i.e., an aluminum containing substrate) by
way of a first conversion treatment using a first conversion voltage from about 300 to
about 900 volts.

Second, the amorphous anodic oxide film layer is hydrated by way of boiling water
immersion (or suitable alternative) to be partially converted into a hydrated film (i.e., a
hydrated aluminum containing oxide layer) having a thickness from about 200 to about
500 nanometers. Suitable alternatives to boiling water immersion include: (1) a heated
water immersion at a temperature greater than about 40 degrees centigrade, preferred
60 degrees centigrade, or more preferred 90 degree centigrade; and (2) a steam
immersion treatment.

Third, the hydrated film and the remaining amorphous anodic oxide film layer
thereunder are provided with a second conversion treatment at a formation voltage also
from about 200 to about 800 volts, but lower than that of the first conversion treatment
such that an amorphous anodic foil (i.e., also an amorphous aluminum containing
oxide layer) having a thickness from about 280 to about 1150 nanometers is formed
(i.e., the amorphous anodic foil comprises an anodically reformed thinned amorphous
anodic oxide film layer). The second conversion treatment allows for formation of a di-
electric oxide film (i.e., the amorphous anodic foil that comprises the anodically
reformed thinned amorphous anodic oxide film layer) having a withstand voltage
equivalent to the formation voltage of the second conversion treatment (i.e., greater

than about 200 volts), and further, a hydrated film is formed on the surface of the
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amorphous anodic foil.

Fourth, the hydrated film contains water. Accordingly, damage to the dielectric oxide
film caused in the fabrication process of an electrolytic capacitor can be repaired by
way of anodic oxidation using the water during the aging process or the voltage ap-
plication process.

Fifth, the present invention takes the advantage of the healing effect even with the
withstand voltage of the dielectric oxide film being several hundreds of volts, resulting
in achievement of a high-voltage solid electrolytic capacitor having a rated voltage of
several hundreds of volts.

In this context, the applicant focused on the low reformability of the electrolytic
solution, which causes the withstand voltage of the AI/PEDOT capacitor to be quite
low in comparison with a conventional electrolytic capacitor. Electrolytic solution of
conventional electrolytic capacitors contains a great amount of oxygen source required
for reformation of a film, with the examples of the oxygen source including water
(several %) and ethylene glycol. However, PEDOT contains only a slight amount of
water. Hence, it cannot be stated that the PEDOT has an excellent reformability. The
water simply added to the PEDOT would very likely be evaporated during the PEDOT
polymerization process (at 150 degrees centigrade for 60 minutes), and thus, a type of
water is required that can stably subsist even at relatively higher temperatures. Besides,
in case where water is added to the PEDOT, the water in the bulk PEDOT would need
to diffuse as far as the barrier film/PEDOT interface when the reformation by the elec-
trolytic solution is in progress, leading to inefficient reformation. The applicant thus
suggested, as a method for providing efficient reformability, to form a water-rich layer
on the barrier film/PEDOT interface. In the present invention, after forming a con-
ventional anode oxide film, a foil was immersed in boiling water and part of the barrier
film was hydrated such that a Pseudoboehmite (PB) was formed. The method
according to the present invention allows the electrodes to comprise Al/barrier film/
PB/PEDOT/silver, carbon paste and the like. The PB stands for aluminum oxide that
amply contains water, and can be represented as Al,O; nH,O in a chemical formula.

(Embodiment 1)

In the solid electrolytic capacitor according to the present invention, a foil, etched
with direct current, was immersed in a boric acid/borax aqueous solution at 300 V, and
a film was formed. The withstand voltage of the film was 300 V.

The etched foil was then immersed in boiling water for three minutes to form a
hydrated film. Under the experimental condition of Embodiment 1, the withstand
voltage of the film dropped to 200 V. This means that the withstand voltage was
reduced by 100 V, which reduction was caused by the conversion of some part of the

barrier film into PB.
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Further, the etched foil on which a hydrated film was formed was reformed at 200 V,
whereby an oxide film having a withstand voltage of 200 V in the boric acid/borax
aqueous solution was obtained.

After forming the oxide film, the PEDOT was prepared under the conditions of 60
degrees centigrade for 30 minutes, and 150 degrees centigrade for 60 minutes, and the
current-voltage behavior was measured. The results are shown in FIG. 1. FIG. 1
depicts the first and second measurements of the current-voltage behavior. The two
measurements were conducted with respect to each of the samples A and B, re-
spectively.

According to Embodiment 1, the samples had a withstand voltage of 200 V in the
boric acid/borax aqueous solution without generating any short circuit. A short circuit
would be generated at around 90 to 100 V without any hydrated film layer.

At the second measurement of the current-voltage behavior, the current value
dropped, and an aging effect was observed.

The applicant focused on the initial characteristics, and a very reproducible withstand
voltage was obtained.

(Embodiment 2)

The etched foil was immersed in oxalic acid solution at 60 V and a porous anodic
film was formed (first formation). The foil was immersed in a boric acid/borax solution
at 550 V and an amorphous phase film was formed (second formation). The obtained
material was then immersed in boiling water to form a hydrated film. The third
formation was conducted at 450 V, in a manner similar to Embodiment 1. FIG. 2
shows the current-voltage behavior of 550 V to 450 V etched foil-based capacitors
made using in-situ polymerized PEDOT. The withstand voltage of the V; to V,; oxide is
450 V. The capacitors show a low, very stable leakage current below the withstand
voltage, and exhibit short circuit at voltages above 450 V. The oxide formation method
according to the present application is very important for attaining such high voltages.
The method consists of first forming an amorphous oxide of 550 V;. An outer portion
of the oxide is then hydrated in boiling water. The remaining barrier oxide is then re-
inforced by reforming the amorphous oxide to 450 V...

(Embodiment 3)

The third and fourth formations were conducted at 900 V and 800 V, respectively, in
a manner similar to Embodiment 2. The fifth and sixth formations were both conducted
at 800 V. FIG. 3 shows the current-voltage behavior of 900 V to 800 V etched foil-
based capacitors made using PEDOT. The withstand voltage of the V; to Vs oxide is
800 V. The capacitors show a low, very stable leakage current below the withstand
voltage, and exhibit short circuit at voltages above 800 V. The oxide formation method

according to the present application is very important for attaining such high voltages.
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The method consists of first forming an amorphous oxide of 900 V;. An outer portion
of the oxide is then hydrated in boiling water. The remaining barrier oxide is then re-
inforced by reforming the oxide to 800 V...

The structure of the anodic layer where the barrier oxide also has a hydrated film
according to the present application is novel because the layer is capable of with-
standing several hundreds of volts and is also amorphous. In common art, an
amorphous barrier layer capable of withstanding several hundred volts is not partially
or wholly hydrated. In a separate example of common art, a high voltage foil anode is
made by first immersion in boiling water to produce pseudoboehmite and then a crystal
phase dielectric oxide is formed. The present structure of a high voltage amorphous
phase dielectric oxide having a hydrated film layer on the surface of the dielectric
oxide is therefore new.

The structure of the barrier oxide layer is also important for achieving high voltage in
Al/PEDOT capacitors. In the case where the 800 V dielectric is an amorphous oxide, a
PEDOT capacitor capable of withstanding 600 V can be made without the conversion
treatments of immersion in boiling water and second formation to a lower formation
voltage. To achieve 600 V, the PEDOT electrolyte should be applied as a slurry and
dried, rather than by chemical oxidative polymerization. An example of a suitable
PEDOT slurry is described in US patent 5,300,575 and US laid-open patent application
0,152,832. If chemical oxidation polymerized PEDOT electrolyte is used in this case,
the capacitor breakdown voltage is about 300 - 400 V. The PEDOT slurry is pH neutral
and does not corrode the dielectric oxide, but the chemical oxidation polymerization of
EDOT generates strong acid, which is corrosive to the anodic aluminum oxide layer.

The PEDOT slurry is a dispersion element comprising particles of poly
(3.,4-ethylenedioxythiophene) and/or aggregate and solvent thereof. Examples of the
solvent include water and organic solvent, as well as a mixture solvent of water and
other solvent. However, water is the most preferable in view of its handleability and
the dispersability of the conductive solid electrolyte. Examples of the method of
preparing a dispersion element include: a method of preparing a dispersion element by
dispersing a conductive solid electrolyte such as conductive polymers into a solvent;
and a method of polymerizing a monomer in a solvent that forms a dispersion element,
the monomer being a precursor of conductive polymers, such that the conductive
polymers are synthesized and a dispersion element comprising the synthesized

conductive polymers can be obtained.
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Claims

An aluminum composite comprising:

an aluminum containing substrate;

an amorphous aluminum containing oxide layer having a thickness
from about 100 to about 1900 nanometers located over the aluminum
containing substrate; and

a hydrated aluminum containing oxide layer having a thickness from
about 10 to about 1000 nanometers located upon the amorphous
aluminum containing oxide layer.

The aluminum composite of claim 1 wherein the aluminum composite
comprises a capacitor electrode.

A capacitor comprising the capacitor electrode of claim 2.

The capacitor of claim 3 wherein the capacitor has a withstand voltage
of at least about 70 volts.

The aluminum composite of claim 1 further comprising a conductive
polymer layer located upon the hydrated aluminum containing oxide
layer.

The aluminum composite of claim 1 wherein the hydrated aluminum
containing oxide layer comprises a pseudoboehmite material.

An aluminum composite comprising:

an aluminum containing substrate;

an amorphous aluminum containing oxide layer having a thickness
from about 100 to about 1900 nanometers located over the substrate;
and

a conductive polymer layer located upon the amorphous aluminum
containing oxide layer.

The aluminum composite of claim 7 wherein the aluminum composite
comprises a capacitor electrode.

A capacitor including the capacitor electrode of claim 8.

The capacitor of claim 9 wherein the capacitor has a withstand voltage
of at least about 70 volts.

A method for forming an aluminum composite comprising sequentially
treating an aluminum containing substrate with:

a first oxidation conversion treatment;

a hydrating treatment; and

a second oxidation conversion treatment, to form a composite

amorphous and hydrated oxide dielectric layer over the aluminum
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containing substrate.

The method of claim 11 further comprising forming a conductive
polymer layer upon the composite amorphous and hydrated oxide di-
electric layer.

The method of claim 11 wherein:

the first oxidation conversion treatment uses a first anodic conversion
voltage; and

the second oxidation conversion treatment uses a second anodic
conversion voltage no greater than the first anodic conversion voltage.
The method of claim 13 wherein:

the first anodic conversion voltage is from 70 to 1500 volts; and

the second conversion voltage is from 70 to 1500 volts.

The method of claim 13 wherein the hydrating treatment is selected
from the group consisting of:

a heated water immersion treatment at a temperature at least about 40
degrees centigrade; and

a boiling water immersion treatment.

The method of claim 13 wherein the hydrating treatment comprises a
steam immersion treatment.

The method of claim 13 wherein:

the first oxidation conversion treatment forms an amorphous anodic
oxide film layer over the aluminum containing substrate;

the hydrating treatment forms a hydrated film upon a thinned
amorphous anodic oxide film layer formed from the amorphous oxide
film layer; and

the second oxidation conversion treatment forms an anodic foil from
the thinned amorphous anodic oxide film layer.

A method for forming an aluminum composite comprising:

treating an aluminum containing substrate with an anodic oxidation
conversion treatment to form an amorphous aluminum containing oxide
layer over the aluminum containing substrate and having a thickness
from about 100 to about 1900 nanometers; and

forming a conductive polymer layer upon the amorphous aluminum
containing oxide layer.

The method of claim 18 wherein the anodic oxidation conversion

treatment uses a conversion voltage from about 70 to about 1500 volts.
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