
EP 0 336 299 B1 Description BACKGROUND OF THE INVENTION 5   Field of the
Invention This invention relates to a solid electrolytic capacitor having
good capacitor characteristics, particularly good high frequency
characteristics. The invention also relates to a method for the manufacture
of a solid elec- trolytic capacitor. 10 Description of the Prior Art In
recent trends toward digitalization of electric and electronic appliances,
there is a strong demand of ca- pacitors which exhibit a low impedance in a
high frequency range and is small in size and large in capacitance. 16
Known capacitors for high frequency service include, forexample, plastic
film capacitors, mica capacitors, layer-built ceramic capacitors and the
like. Among them, the film and mica capacitors are so large in size that a
difficulty Is encountered in obtaining large capacitance. With the
layer-built ceramic capacitors, temperature characteristics become poorer
when they are manufactured to have a smaller size and a larger capacitance
coupled with another disadvantage that such capacitors become very
expensive. 20      On the other hand, a certain type of capacitor is known
as having large capacitance. Such a capacitor in- cludes, for example, an
aluminium dry electrolytic capacitor and an aluminium or tantalum solid
electrolytic capacitor. These electrolytic capacitors are advantageous in
thatsince an anodized film serving as a dielectric layer can be formed very
thinly, a large capacitance can be imparted to the capacitors. On the
contrary, the anodized film is liable to damage, so that it becomes
necessary to provide an electrolyte between the anodized 25  film and a
cathode in orderto repairthe defects. With aluminium dry
electrolyticcapacitors, anode and cathode aluminium foils which have been
etched, respectively, are convolutely wound through a paper separator and a
liquid electrolyte is Impregnated in the separator. This is disadvantageous
In that the electrostatic capacitance decreases and the loss (tan [err])
increases owing to the leakage or evaporation of the liquid electrolyte and
that high frequency characteristics and low temperature characteristics are
not good due to the ionic conductivity 30  of the electrolyte. In order to
overcome the disadvantages of the aluminium dry electrolytic capacitors,
manganese dioxide is used as a solid electrolyte in the aluminium or
tantalum solid electrolytic capacitors. This solid electrolyte is obtained
by immersing an anode element in an aqueous manganese nitrate solution and
thermally decom- posing the nitrate at a temperature of from 250 to 3500C.
Since the electrolyte is solid, the drawbacks such 35  as a lowering of the
performance caused by the effluent of the electrolyte at high temperatures
or by coagu- lation of the electrolyte at low temperatures can be avoided.
The solid electrolytic capacitors exhibit betterfre- quency and temperature
characteristics than capacitors using liquid electrolytes. However, such
solid electro- lytic capacitors are undesirably higher by one or more order
of magnitude with respect to impedance or tan [err] in a high frequency
range than built-layer ceramic capacitors or plastic film capacitors. This
is because of the 40  damage of the oxide film during the thermal
decomposition of manganese nitrate and the high specific resis- tance of
the resultant manganese dioxide. In order to solve the above problem, there
has been proposed use of organic semiconductors having good anodizability
such as 7,7,8,8-tetracyanoquinodimethane complex (hereinafter referred to
simply as TCNQ complex). The organic semiconductor may be impregnated
inbetween a counter electrode and the oxide film 45  afterdissolution in
organicsolvent or melting by heating. Accordingly, the damage of the oxide
film as will occur during the thermal decomposition of manganese nitrate
can be prevented. The TCNQ complexes have high conductivity, good anodizing
properties and good high frequency characteristics, with the possibility of
making a capacitor with a large capacitance. For Instance, Japanese
Laid-open PatentApplication No. 58-17609 describes the use of a solid
electrolyte 50  which Is made of an organic semiconductorcomprised of
N-n-propyl orN-isopropylisoquinoline and TCNQcom- plexes. According to this
patent application, the impregnation of the TCNQ salt in a convolutely
wound alumi- nium electrolytic capacitor is carried out by application of a
melt of the TCNQ salt, thereby firmly bonding the TCNQ salt and the oxide
film together. The resultant aluminium capacitor is stated as being
significantly im- proved in frequency and temperature characteristics owing
to the high conductivity of the TCNQ salt. Since 55  the TCNQ salt has
higher conductivity and better anodizing ability (repairing ability) than
manganese dioxide, one is enabled to make a capacitor whose frequency and
temperature characteristics are better than solid elec- trolytic capacitors
using manganese dioxide. The TCNQ salts used in the patent application
contain an iso- quinollum cation which is substituted with an alkyl group
at the N position. This salt is impregnated in the oxide 



2    EP 0 336 299 B1 film after heat melting. In recent years, there have
been proposed solid electrolytic capacitors wherein highly conductive
polymers obtained by polymerizing heterocyclic monomers such as pyrrole,
thiophene and the like are formed on an anode for used as an electrolyte
(Japanese Laid-open Patent Application Nos. 60-37114 and 61-47525). 5
According to electrolytic polymerization, a dense conductive polymer film
may be readily formed, on an ordinary anode such as platinum, carbon or the
like, from a solution of pyrrole, thiophene orderivatives thereof and an
appropriate support electrolyte. However, the formation of a conductive
polymer on an anode having an oxide film by the electrolytic polymerization
Is principally difficult since any electric current does not pass. Although
a conductive polymer film may be formed on the oxide film-free surface of a
valve metal by the elec- 10  trolytic polymerization, anodic conversion
treatment through the conductive polymer film is essential. This will cause
the previously formed conductive polymer film to be changed In quality or
deteriorate, or may be sepa- rated from the anode surface, thus leading to
a lowering of the characteristics of the capacitor. The formation of a
conductive polymer may be possible by the use of oxidation polymerization.
The resul- tant polymer is in the form of powder and is poor in adhesion to
an anode having an oxide film. Accordingly, 15  such a polymer is difficult
to utilize as an electrolyte for capacitor. From Chemical Abstracts, vol.
108, no.4,1988, page 583, abstract no. 30 426; Columbus, Ohio, US, and the
corresponding JP-A-62 181 415, there is known a solid electrolytic
capacitorwherein a dielectric oxide film is formed on a Ta foil, a
manganese dioxide layer is formed on the dielectric oxide film, and a
conductive poly- pyrrole film is formed on the manganese dioxide layer. 20
SUMMARY OF THE INVENTION It is therefore an object of the present invention
to provide a solid electrolytic capacitor which comprises a capacitor
element having a conductive polymer film farmed on an anodized film of a
valve metal whereby 25  the capacitor has good frequency and temperature
characteristics with high reliability. It Is another object of the
invention to provide a method for manufacturing a solid electrolytic
capacitor of the type mentioned above. It is a further object of the
invention to provide a method for manufacturing a solid electrolytic
capacitor wherein a fraction defective caused by leakage current can be
lowered with an improved yield of the capacitor. 30     It is still
afurtherobject of the invention to provide a method for manufacturing a
solid electrolytic capacitor wherein a conductive polymerfilm is formed on
an anodized film through a manganese oxide film thereby caus- ing the
electrolytic polymerization to proceed smoothly. According to one
embodiment of the invention, there is provided a solid electrolytic
capacitor which com- prises a capacitor element which includes a valve
metal member capable of forming a dielectric oxide film 35  thereon, a
dielectric oxide film formed on the valve metal member, a manganese dioxide
layer formed on the dielectric oxide film, a conductive polymerfilm formed
on the manganese dioxide layer, and terminals formed on the valve metal
member and the conductive polymerfilm, respectively, furthercomprising a
non-conductive polymer film provided between the manganese dioxide layer
and the conductive polymer film. According to another embodiment of the
invention, there is also provided a method for manufacturing a 40  solid
electrolytic capacitor which comprises providing a valve metal member,
forming an anodized film on the valve metal member, forming a manganese
dioxide layer on the anodized film, subjecting a monomer capable of forming
a conductive polymer to electrolytic polymerization thereby forming a
conductive polymer film on the manganese dioxide layer, and attaching
terminals to the valve metal member and the conductive polymer film,
respectively, characterized in that the conductive polymer film is formed
by immersing the valve metal 45  member after the formation of the
manganese dioxide layer In an electrolytic polymerization solution compris-
ing a monomer and a support electrolyte, and applying a potential necessary
forthe electrolytic polymerization between at least one electrode provided
in contact with the manganese dioxide layer and a counter electrode
provided in the solution and separated from the first-mentioned electrode.
Preferably, after the formation of the conductive polymer film, the
anodized film is again subjected to chemical conversion treatment to repair
50  the film. BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1a and 1b are, respectively, a solid electrolytic capacitor according
to one embodiment of the inven- 55     tion; Figs. 2a, 2b and 3 are,
respectively, illustrative of a procedure of manufacturing a solid
electrolytic capac- itor of the type particularly shown in Fig. 1a; and
Fig. 4a, 4b and 5 are, respectively, illustrative of a procedure of
manufacturing a solid electrolytic capacitor 3    EP 0 336 299 B1 according
to another embodiment of the invention. Fig. 6 is a schematic view showing
a solid electrolytic capacitor obtained by the method shown in Figs. 4a, 4b
and 5. 5   DETAILED DESCRIPTION AND EMBODIMENTS OF THE INVENTION Reference
is now made to the accompanying drawings wherein like reference numerals
indicate like parts ormembers and particularly, to Figs. 1 through 3. In
Figs. 1a and 1b, there is generally shown asolid electrolytic capacitor
element C according to the present invention. The capacitor element C
includes a valve metal foil 1 10  having a terminal or positive lead
electrode 2. The metal foil 1 has an anodized film 3 on the surface
thereof, and a manganese dioxide ([err]) film 4. On the manganesedioxide
film 4 is formed a conductive polymer film 5 which has a terminal or
negative lead electrode 6. The lead electrode 6 may be formed through a
con- ductive layer 5a formed on the conductive polymerfilm 5 , but is
usually attached directly to the polymer film by a suitable means such as a
silver or graphite paste. The valve metal used as the foil 1 is, for
example, alu- 15  minium or tantalum and may be in the form of not only a
foil, but also a plate or sheet. In addition, a sintered product of Al orTa
may also be used instead of thefoil. The manganese oxide film isformed to
cause electrolytic polymerization to proceed smoothly with good adhesion of
the conductive polymer film. The manganese di- oxide film is not
necessarily formed as continuously or entirely over the anodized film, but
may be formed as islands as will be discussed hereinafter. 20     The
conductive polymer is formed on the manganese dioxide by electrolytic
oxidation polymerization of a electrolytically polymerizable monomer used
in combination with a support electrolyte. Examples of such monomers
include pyrrole or its derivatives having a substituent at the 3 and/or 4
position thereof, a dimer of pyrrole or bipyrrole, thiophene or its
derivatives having a substituent at the 3 and/or4 position thereof, a dimer
of thiophene or bithiophene, or a trimer of thiophene or terthienyl, and
the like. Examples of the substituent 25  for both pyrrole and thiophene
derivatives include a lower alkyl group such as methyl, a lower alkoxy
group such as methoxy, ethoxy or the like, an aryl group such as phenyl,
and the like. The support electrolytes may be any known support
electrolytes and include, for example, Inorganic com- pounds of anions such
as [err] and cations of ammonium, an alkali metal or the like, organic
compounds such as aliphatic acids including formic add, oxalic acid and the
like and salts thereof, aromatic 30  carboxylic acids and salts such as
salicylic acid, benzoic acid and their salts, organic sulfonic acids such
as toluenesulfonic acid, naphthalene sulfonic acid and their salts as is
known In the art. The negative lead electrode is attached to the polymer
film by means of, for example, a carbon or silver paste. The capacitor
element may be covered, for example, with a resin such as an cured epoxy
resin, or may be encased in a suitable case. 35     In order to completely
suppress defects involved during formation of the conductive polymer film
as will be discussed hereinafter, an insulating polymer film 7 may be
formed on the manganese dioxide film, as is particularly shown in Fig. 1b,
priorto the formation of the conductive polymerfilm 5. Such an Insulating
polymer film 7 may be formed by electrolytic reduction polymerization and
is prepared from a monomer including acrylic esters such as methyl
acrylate, ethyl acrylate and the like, methacrylic esters such as methyl
methacrylate, 40  ethyl methacrylate and the like, metacrylonitrile,
methacrylamide, acrylonitrile, acrylamide and the like. The monomer is
polymerized on the MnO2 film to form an insulating or non-conductive
polymer film. Fabrication of the solid electrolytic capacitor C is
described. In Figs. 2a, 2b and 3, there is shown a procedure of fabricating
the solid electrolytic capacitor. As shown in Fig. 2a, a valve metal foil 1
having a positive lead electrode 2 for the capacitor is first provided.
This foil 1 45  is subjected to etching by any known procedures to increase
the surface area. The etched foil is subsequently anodized by immersion in
an aqueous acid solution to form an oxidefilm 3 on the surface of the foil
1 as shown in Fig. 2b. The anodization is effected by an ordinary
electrochemical procedure. The acid used for this purpose 



may be an inorganic acid such as phosphoric acid or an organic acid such as
oxalic acid, adipic acid or the like. If the valve metal Is aluminium,
[err] is formed on the foil surface. Alternatively, If tantalum is used,
[err] 50  is formed as the oxide film 3. The foil 1 on which the anodized
film 3 has been formed is immersed in an aqu- eous solution of
awater-soluble manganese compound fora given time and dried in air at 200
to [err] thereby thermally decomposing the nitrate into manganese dioxide
to form a manganese dioxide layer 4 on the ano- dized film 3. For the
drying, the air may be humidified In orderto cause the thermal
decomposition to proceed smoothly. Examples of the water-soluble manganese
compound include manganese nitrate, and salts of man- 55  ganese and acetyl
acetone, oleic acid, naphthenic acid and the like. Of these, manganese
nitrate is preferred because of its availability. The manganese dioxide is
preferably formed at a rate which corresponds to 30 to 70% of a capacitance
of a final capacitor. The manganese dioxide layer may be in the form of a
continuous layer or as islands or spots. 4    EP 0 336 299 B1 A conductive
polymer film is then formed on the manganese dioxide layer. If the positive
lead electrode 2 is used as an electrode for polymerization and a potential
is applied between the electrode 2 and a counter electrode placed in a
solution for polymerization, electrolytic polymerization does not take
place because of the presence of the anodized dielectric film 3. 5      In
order to cause polymerization to start, an electrode 8 is set in contact
with the manganese dioxide layer 4 and placed in a polymerization reaction
vessel 10. In the vessel 10, a counter electrode 9 is provided as separated
from the electrode 8 as shown in Fig. 3. The vessel 10 accommodates therein
an electrolytic poly- merization solution 11 consisting of an
electrolytically polymerizable monomeranda support electrolyte as set forth
above. In this arrangement, when a potential which is higher than a
potential for polymerization is applied 10  between the electrode 8 and the
counter electrode 9, a polymer film is first formed on the electrode 8,
from which the conductive polymer film gradually grows toward the manganese
dioxide layer. Forthe electrolytic polymerization, a plurality of
electrodes 8 may be provided in order to facilitate the poly- merization.
The counter electrode 9 may be located at any position provided that it is
separated from the elec- trode or electrodes 8. Preferably, the electrode 8
should be smaller In size than the counter electrode 6. 15     The
electrolytic polymerization solution 11 consists of an electrolytically
polymerizable monomer and a supportelectrolyte as discussed before. The
monomerand electrolyte are usuallydissolved in an organicsol- vent in
amounts of 0.1 to 1 moles/liter and from 0.01 to 0.5 moles/liter,
respectively. The solvent may be any inert compounds capable of dissolving
both the monomer and electrolyte. Examples of such solvents include water
and non-aqueous polar solvents such as acetonitrile, propylene carbonate, y
-butyrolactone, dimethyl- 20  formamide and the like. The polymerizable
monomer yields a conductive polymer by oxidation polymerization. After the
polymer film has fully covered the surface of the manganese dioxide layer
4, the polymerization reaction is stopped, followed by washing the
polymerfilm on the surface thereof to remove an unreacted mono- mer, the
electrolyte and unstable oligomers. For the washing, a solvent which is
easy to dry is used including, for example, water, alcohols, acetonitrile,
ketones or the like. 25      Anegative lead electrode forthe capacitor is
attached to the conductive polymerflilm by means of a carbon paste or
silver paste. The resultant capacitor element may be covered with a resin
such as an epoxy resin. Finally, the covered element is aged, for example,
by application of a potential of 20 volts at a normal normal temperature
for several hours. As described before, it is difficult to directly form
the electrolytic polymerization product on the valve metal 30  foil having
the anodized or oxide film. However, we have found that when manganese
dioxide is deposited on the anodized film even in the form of islands, the
electrolytic polymerization reaction proceeds smoothly from the electrode 8
or a portion or portions where a current density is high. Once the reaction
starts to occur, the polymergrows from the electrode or the portion to
entirely cover the surface of the anodized film. Accordingly, after the
growth of the polymer over the entire surface, the portion or portions at
which the polymerization has 35  started are removed. As a result, a
capacitor which is reduced in current leakage can be obtained. The man-
ganese dioxide brings about the repairing ability. The capacitor of the
Invention is advantageous in that the conductive polymer film can be formed
at room temperature at a low potential as will be different from the cases
where solid electrolytes such as manganese dioxide or TCNQ salts are formed
on an anodized film by repeating a high temperature treatment As a con- 



40  sequence, the capacitor suffers little deterioration of the anodized
film with a high withstand voltage. In addition, the conductive
polymerserves as an electrolyte with good conductivity, so that good high
fre- quency characteristics are ensured. The good adhesion between the
conductive polymerfilm and the anodized film through the manganese dioxide
layer results in a capacitor having good low temperature and high tem-
perature storage life. The conductive polymerfilm is formed on the anodized
film as a thin film, making it pos- 45  sible to fabricate a thin
capacitor. According to the method of the invention, the conductive polymer
film is formed even in the pits formed by etching the valve metal surface
in order to enlarge the surface area. Hence, a very high capacitance which
is not less than 90% of the theoretical can be readily obtained. As having
described the manufacture of the solid electrolytic capacitor, if, however,
the anodized oxide 3 has defects, the conductive polymer film tends to grow
from the defective portions or to grow into the depth 50  of etched
pitswhere the foil is exposed. These portions will cause an increase of
leakage currentanda lowering of withstand voltage. In the practice of the
invention, it is preferred that prior to the formation of the conductive
polymerfilm, a polymer film is firstformed by reduction polymerization.
This polymer film is not conductive in nature. More particularly, an
electrolytic polymerization solution consisting of a monomer such as an
acrylic ester, a methacrylic ester, methacrylonitrile, methacrylamide,
acrylonitrile or acrylamide is placed in the poly- 55   merization reaction
vessel 10 of Fig. 3. In this solution, the valve metal foil 1 having the
anodized film 3 on which the manganese dioxide layer 4 has been formed is
immersed as shown. In this condition, a positive po- tential is applied to
the counter electrode 9 and a negative potential is applied to the
electrode 8, thereby caus- ing a polymer film by electrolytic reduction
polymerization to grow on the manganese dioxide film. 5    EP 0336 299 B1
Subsequently, an electrolytic polymerization solution consisting of
pyrrole, thiophene or derivatives there- of and a support electrolyte as
stated before is placed by substitution with the above monomer solution.
Sub- sequently, the non-conductive polymer film-formed valve metal foil Is
immersed in the electrolytic polymeri- zation solution under which a
potential which is not lower than a polymerization potential Is applied
between 5   the electrode 8 and the counterelectrode 9, therebyforming a
conductive polymerfilm atthe electrode 8. From the electrode 8, the film
grows toward the manganese dioxide layer4. During the course of the
polymerization, the cations are removed from the non-conductive polymer
film 7, if present, thereby rendering the film 7 high In resistance.
Accordingly, the conductive polymer film is formed at the defective
portions of the anodized film 3, thus suppressing an increase of leakage
current and a lowering of withstand voltage to a substantial extent. 10
In the method of the invention, after the formation of conductive polymer
film with or without formation of the non-conductive polymer film, the
anodized film 3 can be subjected to chemical conversion retreatment. This
retreatment may be effected through the conductive polymer film in a dilute
solution of not larger than 1% of a carboxylic acid such as adipic acid or
salicylic acid. This chemical conversion retreatment of the ano- dized film
after the formation of the conductive polymer film is very advantageous in
lowering a percent defect 15  owing to the leakage current, with an
improved yield of the manufacture of the capacitor. In accordance with a
further embodiment of the invention, there is also provided a method for
manufac- turing a solid electrolytic capacitor in which the conductive
polymer film 5 is formed entirely on the capacitor element C except for the
positive electrode 2 by separation with an insulating member. The procedure
of this method is described in Figs. 4a, 4b, 5 and 6; 20      Similar to
the embodiment shown in Figs. 2 to 3, a valve metal foil I having a
positive lead electrode 2 is first provided and etched to increase the
surface area. This foil is anodized to form an oxide film 3. In this
embodiment at least three insulating plates 12 of any desired form each
having a through-hole 13 adapted for the positive lead electrode 2 are
inserted with the electrode 2 so that the lowermost plate 12 is positioned
at the connection between the foil I and the electrode 2 as shown in Fig.
4b. The Insulating plates 25  12 may be made of a heat-resistant plastic
resin. In Fig. 4b, a heat-resistant plastic washer is used. The anodized
film-bearing valve metal foil I is immersed completely except for the
positive electrode 2 in an aqueous solution of a nitrate compound capable
of yielding manganese dioxide by thermal treatment The nitrate compound is
thermally treated, for example, at 200 to [err] in air to deposit a
manganese dioxide layer 4 on the anodized film 3 and on the upper portion
of the valve metal foil 1. The deposition of the man- 30  ganese dioxide is
repeated one to four times. The surface of the positive lead electrode 2
just above the insulating members 12 is rendered high in re- 



sistance by means of the manganese dioxide formed thereon after the
deposition treatment. In this state, the outermost insulating member 12 is
removed so that the surface portion of the lead elec- trode 2 near the
anodized film 3 is exposed as conductive. This exposed portion is employed
as an anode for 35 a subsequent step where a conductive polymerfilm is
formed. This formation is carried out in the same manner as described
before with respect to the Figs. 2 and 3. More particularly, the valve
metal foil obtained in the above step is immersed in an electrolytic
polymerization solution consisting of a electrolytically polymerizable
monomer such as pyrrole, thiophene or a derivative thereof and a support
electrolyte both as defined before. In this case, the exposed electrode is
used as an anode as in Fig. 3, whereupon the polymerization starts from 40
the exposed portion of the lead electrode 2 and a polymer film 5 gradually
grows along the manganese dioxide layer 4. Fig. 5 shows a state where the
conductive polymer film 5 is on the way of being formed. After the
conductive polymer film 5 has been formed fully on the manganese dioxide
layer 4 or between the anodized film 3 and the manganese dioxide layer 4,
the surface is washed with a solvent and dried. Sub- sequently, the outer
insulating member 12 is removed along with the conductive polymer film
deposited on 45  the lead electrode 12. Next, a negative lead electrode 6
is attached to the conductive polymer film 5 through a carbon or silver
paste as described before. The resultant capacitor element may be covered
with a plastic resin and aged as usual, thereby obtaining a capacitor. This
is particularly shown in Fig. 6. This type of capacitor is significantly
improved in humidity resistance since the conductive polymer film
completely covers the element except for the insulating member. As a matter
of course, the valve metal may 50 be aluminium or tantalum. If required, a
non-conductive polymer film as described before may be formed prior to the
formation of the conductive polymer film. The present invention is more
particularly described by way of examples. It is to be noted that Examples
I to 8 deal with a capacitor of the type shown in Figs. 1 to 3 and Example
9 illustrates a capacitor of the type shown in Figs. 4 to 6. 55 Example I
An aluminium foil electrolytically etched with hydrochloric acid was
subjected to chemical conversion with 6    EP 0 336 299 B1 oxalic acid to
form an anodized film consisting of [err] on the foil surface. The anodized
film-bearing alumi- nium film was once immersed in an aqueous 30% manganese
nitrate solution and then subjected to thermal decomposition treatment in
air at [err]. As a result, it was found that manganese dioxide was
deposited as spots or dots on the surface of th anodized film. 5      On
the other hand, an electrolytic polymerization solution was prepared using
0.5 moles/I of a pyrrole monomer and 0.1 mole/l of an ammonium
toluenesulfonate electrolyte dissolved in acetonitrile. This solution was
placed In a polymerization reaction vessel. As shown in Fig. 3, the
aluminium foil having the anodized film and the manganese dioxide layer
formed in this order was Immersed In the solution. Further, electrodes for
the electrolytic polymerization consisting of a platinum wire were provided
in contact with the manganese di- 10  oxide at the tips thereof. A counter
electrode made of a platinum plate was placed in the vessel as separating
from the electrodes for the electrolytic polymerization. When a potential
of 5 volts were applied between the counter electrode and the electrodes,
followed by reaction for about 50 minutes, a polymer film was formed on the
electrodes. Thereafter, the polymer film gradually grew from the electrodes
toward the manganese di- oxide spots. The resultant polymer film was washed
with methyl alcohol and dried, followed by attachment of 15  a negative
electrode to the conductive polymer film using a colloidal graphite paste.
The resultant capacitor element was subjected to measurement of
capacitance. As a result it was found that a rate of a capacitance relative
to a capacitance in liquid was 95%. The capacitor has a capacitance of 28 u
F, tan [err] of 3%, an impe- dance of 100 KHz of 0.2 [err], a withstand
voltage of 50 volts, and a leakage current at not larger than 20 volts of
not larger than 0.5 uA. 20     When the above procedure was repeated using
high boiling compounds such as propylene carbonate and y -butyrolactone as
the solvent and [err] salts as the electrolyte, similar results were
obtained. Example 2 25     A tantalum capacitor unit using manganese
dioxide as a solid electrolyte wherein the chemical conversion treatment
with phosphoric acid was effected to form an anodized film was further
subjected to thermal de- 



composition treatment of manganese nitrate twice. This unit was treated to
from a conductive polymer film In the same manner as in Example 1. The
resultant capacitor was subjected to measurement of capacitor char-
acteristics. The capacitance was 7 u F at 120 Hz, which was equal to a
capacitance in liquid and which was 30  higher than 3 to 4 u F of a
capacitance where a manganese dioxide layer alone was formed on the
anodized film twice. The value of tan [err] was 2.8%, The impedance at 100
KHz was 0.07 [err] with a withstand voltage of not less than 50 volts and a
leakage current of not larger than I p Aat 35 volts. When the above
procedure was repeated using thiophene as the monomer for the electrolytic
polymeri- zatlon, similar characteristics were obtained. 35 Example 3 A50
micrometerthicktantalumfoil was embossed to roughen the surface,followed
bychemical conversion with an aqueous phosphoricacid solution at 12 volts
to form an anodized film on the foil surface. The anodized 40  foil was
immersed in an aqueous 30% manganese nitrate solution and subjected to
thermal decomposition of manganese nitrate at [err] in air, thereby
depositing thermally decomposed manganese dioxide on the ano- dized film.
The above chemical conversion and thermal decomposition procedurewas
repeated again to obtain a chemically converted tantalum foil having
Islands of manganese dioxide on the surfaces thereof. This foil was
immersed in an electrolytic polymerization solution containing pyrrole,
sodium para-toluenesulfonate 45  (hereinafter referred to simply as NaTos)
and manganese sulfate, followed by electrolysis in the same manner as In
Example 1. The composition of the above electrolyte was selected from 0.2
to 0.5 moles/liter of pyrrole, from 0.1 to 0.8 moles/liter of the sodium
p-toluenesulfonate and from 0.1 to 0.8 moles/liter of the manganese
sulfate. When the electrolytic potential was set at 3 volts or over, a
black polypyrrole film was uniformly formed on the foil through the
manganese dioxide islands. 50     The capacitance after the application of
the manganese dioxide was 0.2 u F at 120 Hz and its rate to the theoretical
capacitance was 55%. In contrast, when the polypyrrole film was formed, the
capacitance at 120 Hz was 1.9 u F with a rate to the theoretical of 90%.
The impedance at 100 KHz was 0.1 [err], which was about 1/10  of a
capacitor having manganese dioxide alone applied seven times. The withstand
voltage was 45 volts and a leakage current at 15 volts was less than 0.1 u
A. These values are significantly higher than 30 volts 55  and 0.9 uA of a
capacitorusing manganese dioxide alone, respectively. This is considered as
follows: the poly- pyrrole-[err] complex obtained by the electrolytic
polymerization has a high electric conductivity of from I to 100 S/cm and a
high anodizability (film repairing ability). 7    EP 0 336 299 B1 Example 4
An aluminium foil having an area of 20 mm x 10 mm, which had been
electrolytically etched with hydro- chloric acid and subjected to chemical
conversion, was once applied with a manganese nitrate solution and 5
thermally decomposed to form a manganese dioxide layer on the anodized
film. The resultant manganese di- oxide layer was very thin and
discontinuous. This fol I was immersed in an aqueous electrolytic
polymerization solution containing 0.5 moles/liter of pyrrole and 0.5
moles/liter of NaTos and treated in the same manner as in Example 1. As a
result, the entire surface of the foil was covered with a polypyrrole in
about 40 minutes. The resultant capacitor had a capacitance at 120 Hz of
3.6 u F with a rate to the theoretical of 83% and a value 10  of tan [err]
of 2.1%. The impedance at 100 KHz was 0.08 [err]. An aluminium foil having
a manganese dioxide layer on the surface thereof and obtained in a manner
sim- ilarto the above procedure was immersed in an electrolytic
polymerization solution consisting of 0.4 moles/liter of pyrrole, 0.4
moles/liter of NaTos, 0.4 moles/liter of manganese nitrate and water,
subjected to electrolytic polymerization. At a potential of from 3.5 to
5.5, the entire surface of the foil was covered with a polypyrrole 15  film
or a polypyrrole-manganese dioxide complex in about 15 minutes. The
capacitance, loss and impedance of the resultant capacitor were similar to
those of the case where no manganese nitrate was added, but the withstand
voltage was raised from 10 volts to 50 volts. Example 5 20 In the same
manner as in Example 4, an etched aluminium foil having a discontinuous
manganese dioxide layer on the surface was made. This foil was immersed in
an electrolytic polymerization solution consisting of 



thlophene, sulfonated polystyrene, manganese sulfate and water and
subjected to electrolytic polymerization in the same manner as in Example
1. The resultant capacitor had a capacitance of 3.2 u F and a tan 8 value
25  of 2.5% at 120 Hz. The impedance at 100 KHz was 0.2 [err]. The lowering
of the electric conductivity was con- sidered to result from the
incorporation of the sulfonated polystyrene. However, this system may be
used to constitute a capacitor. From the results of Examples 1 to 5, it
will be seen that conductive polymer films can be readily grown when
manganese dioxide is deposited on an anodized film of aluminium or tantalum
and that the resultant ca- 30  pacitor has good frequency characteristics,
withstand voltage and life. Example 6 An aluminium foil which had been
ordinarily etched and had ratings of 16 V and 10 u F was employed. 35  The
foil was anodized in an aqueous adipic acid solution, after which it was
immersed in an aqueous 30% manganese nitrate solution, followed by thermal
decomposition at [err] in air for 5 minutes. Separately, an electrolytic
polymerization solution composed of 0.5 moles/liter of pyrrole, 0.1
mole/liter of tetraethylammoni- um p-toluenesulfonate and acetonitrile was
prepared. An electrode from which the electrolytic polymerization starts
was made of a platinum wire. A potential of 5 volts was applied between the
electrode and a cathode 40  to carry out the electrolytic polymerization
reaction thereby forming a conductive polymer film on the manga- nese
dioxide layer. Thereafter, the polymerfilm was washed with an alcohol and
dried. Next, a colloidal graphite paste was applied onto the entire surface
of the polymer film and a negative lead electrode was attached to the
polymer film by the use of a silver paste. Finally, an epoxy resin was used
to cover the capacitor element The leakage current was reduced to 0.5 u A.
Finally, the capacitor was aged by application of 20 volts in air 45  for 2
hours. The capacitor was subjected to measurement of capacitor
characteristics with the results shown in the fol- lowing table wherein the
values indicated are averages of five samples, respectively. It will be
noted that a capacitance in liquid was 120 Hz. 50
Table  1 120 Hz                1 KHz    Leakage    ESR  (series resis-
current    tance) at 500 KHz 55      C      tan [err]       C       tan
[err]    16 V 9.u F 2.5%          8.8 u F  3.8%        0.5 u A
30 m [err]    EP 0 336 299 B1 As will be apparent from the above table, the
capacitance at 120 Hz is 9.5 u F which Is very high when compared with a
value of 7 u F of an ordinary TCNQ salt capacitor. The series resistance at
500 KHz is very small as 30 m [err] on comparison with those values of
othertypes of aluminium electrolytic capacitors, thus being excellent in
high frequency characteristics. In addition, the leakage current is as
small as 0.5 u A. 5      Moreover, when the capacitor was allowed to stand
at [err] for 500 hours under load-free conditions, the capacitance was
reduced by about -2% but the other characteristics were not varied at all.
When the above procedure was repeated using instead of the Al foil a Ta
sintered product, there were ob- tained characteristic properties
substantially equal to those of a capacitorwherein manganese oxide was
treat- ed seven times. 10 Example 7 An aluminium foil which had been
ordinarily etched and had ratings of 16 V and 16 u F was employed. The foil
was anodized in an aqueous adipic acid solution to form an oxide film of
[err], after which it was im- 15  mersed in an aqueous 30% manganese
nitrate solution, followed by thermal decomposition at [err] in air for 5
minutes. Separately, an electrolytic reduction polymerization solution
composed of 0.5 moles/liter of methyl methacrylate, 0.1 mole/liter of
tetraethylammonium perchlorate and acetonitrile was prepared. Further, an
electrolytic oxidation polymerization solution composed of 0.5 moles/liter
of pyrrole, 0.1 mole/liter of tetrae- thylammonium p-toluenesulfonate and
acetonitrile was prepared. 20      The manganese dioxide-bearing aluminium
foil was immersed in the electrolytic reduction polymerization solution. A
platinum wire was used as an electrode from which the polymerization
started and a platinum plate was used as a counter electrode, between which
a potential of 7 volts was applied In order to effect the elec- trolytic
reduction polymerization for 5 minutes, thereby forming a polymerfilm on
the manganese dioxide layer. 



This polymer film was washed with an alcohol. Thereafter, the resultant
foil was further immersed in the elec- 25  trolytic oxidation
polymerization solution and the polymerization reaction was effected for 30
minutes using the same electrode arrangement as used for the electrolytic
reduction polymerization, thereby forming a con- ductive polymer film on
the first polymer film. The conductive polymer film was washed with an
alcohol and dried. Subsequently, a colloidal graphite paste was applied to
the conductive polymer film and a negative lead electrode was attached to
the conductive polymer film by the use of a silver paste, following by
covering with 30  an epoxy resin. Finally, the resultant capacitor was aged
by application of a potential of 20 volts at [err] for 2 hours. The
capacitor had characteristic properties shown in the following table. The
results of the table are aver- age values of ten samples and a capacitance
in liquid was 10 p F at 120 Hz. 35
Table 2 120 Hz                1 KHz      Leakage    ESR  (series  resis-
current    tance) at 500 KHz 40      C      tan a       C       tand    18
V 9.3 u F 2.1%        8.T u F 3.5%            <0.2 uA              30  m
[err] 45      These results are very good similar to those results in Table
1. In addition, if the non-conductive polymer film obtained by the
electrolytic reduction polymerization is not formed, two or three
capacitors among 10 ca- pacitor samples are on the order of mA with respect
to the leakage current and some capacitors are broken down at awithstand
voltage of notlargerthan 16 volts. When the non-conductive film is formed,
such defective capacitors are not found with an improved yield. 50      As
will be apparent from this example, an electrolytic capacitor which
comprises a valve metal member with an anodized film, and a manganese
dioxide layer, a non-conductive layer formed by electrolytic reduction
polymerization on at least part of the manganese dioxide layer and a
conductive polymer layer formed by elec- trolytic oxidation polymerization
which are formed on the anodized film in this order and which exhibits good
high frequency characteristics, a low leakage current and a high withstand
voltage, can be obtained in high 55  yield. Example 8 9    EP 0 336 299 B1
An aluminium foil etched in an ordinary manner and having ratings of 16
volts and 10 u F was subjected to chemical conversion with an aqueous
adipic acid to form an anodized film consisting of [err] on the foil
surface. The anodized film-bearing aluminium film was immersed in an
aqueous 30% manganese nitrate sol- ution and then subjected to thermal
decomposition treatment in air at [err] for 10 minutes to form a manga- 5
nese dioxide layer on the surface of th anodized film. On the other hand,
an electrolytic polymerization solution comprised of 0.5 moles/l of a
pyrrole monomer and 0.1 mole/l of tetraethylammonium p-toluenesulfonate
dissolved in acetonitrile was placed in a polymeri- zation reactor. The
aluminium foil having the anodized film and the manganese dioxide layer
formed in this order was immersed in the solution as shown in Fig. 3. Then,
a potential of not less than 5 volts which was 10  higher than a potential
for polymerization was applied between positive and negative electrodes,
thereby caus- ing the polymerization to proceed for 15 minutes. As a
result, a conductive polymer film could be grown from the positive
electrode toward the manganese dioxide layer. After complete coverage of
the manganese oxide layer with the conductive polymer film, the
electrolytic polymerization reaction was completed. Thereafter, the surface
of the conductive polymer film was washed with ethanol and dried. After the
formation of the polymer 15  film on the manganese dioxide layer, the
anodized film was again chemically treated in an aqueous 0.5% adipic acid
solution. Afterthe chemical retreatment, the aluminium foil was applied
with a potential in a stepwise man- ner up to 20 volts relative to the
negative electrode. The current passing during the application of the
potential gradually reduced. When the current was saturated, the
application of the potential was stopped. Thereafter, the capacitor was
washed with pure water and dried. 20      Subsequently, a colloidal
graphite paste was applied entirely onto the conductive polymer film, to
which a negative lead electrode was attached through a silver paste. The
resultant capacitor element was covered with an epoxy resin except for the
electrodes and aged by application of 20 volts at normal temperatures for 2
hours. 



The characteristic properties of solid electrolytic capacitors with or
without the retreatment of chemical 25  conversion are shown in Table 3.
Ten samples for the respective measurements were used. Table 3 30
Retreatment of Chemical             No Retreatment Conversion 120 Hz
1 KHz       LC       120 Hz        1 KHz        LC C   tan        C   tan
[err]            C   tan [err]       C tan [err] 35
u F    %F    %  u A        F    %     u F         u A Initial Charact-
eristic    [err]    0.8    8.5    3    <0.3   9            0.7   8.7   2.8
<1 40 After 500 Hrs. at [err] 8.8 1           8.3    3.5  <0.5   8.8   0.8
8.3   3.3  <1.00 for 3 45
samples 1  ~  100 for 4 samples for 3 samples When the above procedure was
repeated using water instead of the organic solvent as a solvent for elec-
55  trolytic polymerization and/or also using, as the electrolyte, aromatic
sulfonates such as naphthalenesulfonates instead of the toluenesulfonate,
similar results were obtained. As will become apparent from the above
example, the retreatment of the chemical conversion of the ano- dized film
after the formation of the conductive polymer film can suppress a defective
percent owing to the 10    EP 0 336 299 B1 leakage current, thus leading to
an improved yield of the capacitors. Example 9 5      This example
illustrates fabrication of a solid electrolytic capacitor as shown in Fig.
6. A square unit of a tantalum capacitor etched in an ordinary manner and
having ratings of 16 volts and 7 u F was used as a tantalum foil. This foil
was chemically converted to form an oxide film consisting of [err] and was
attached with a lead electrode. The lead electrode was Inserted at the
connection with the tantalum foil with three teflon washers each having an
opening at the center thereof. In this state, the tantalum foil was 10
subjected to a procedure of immersing it in an aqueous manganese nitrate
solution and thermally decomposing the manganese nitrate at [err] once,
twice, three times, four times or seven times, thereby forming a man-
ganese dioxide layer or film on the anodized film. The outermost washer was
removed from each foil, followed by electrolytic polymerization under the
fol- lowing conditions to entirely form a conductive polymer film on the
manganese dioxide film. 15     An electrolytic polymerization composition
was composed of 0.5 moles/liter of pyrrole and 0.1 mole/liter of
tetraethylammonium p-toluenesulfonate dissolved in acetonitrile. A counter
electrode used was a Pt elec- trode and a potential for the positive
electrode was set at 3 to 5 volts. The polymerization reaction was con-
tinued for 30 to 120 minutes. The results polymerfilm was washed with an
alcohol and dried, afterwhich the outerwasherwas removed 20  by which the
insulation between the lead electrode and the conductive polymer film could
be achieved. After application of a carbon paste onto the conductive
polymer film, a negative lead electrode was attached to the conductive
polymer film through a silver paste. The resultant capacitors were
subjected to measurement of capacitor characteristics with the results
shown in Table 4 below. For comparison, the above procedure was repeated
except that no conductive polymer film was formed. 



25 Table 4 Number of Thermal             1        2        3         4
7 30        Procedueres of Manganese Nitrate No  Condctive Polymer Film
5.2    8.7    7.1 tan[err] (%)       -                 12       10
51 1 KHz       C(uF)                              4.5       6.0        6.7
tan [err] (%)                          25        21         15 Conducitive
Polymer  Film  Formed: 5.8               6.8      7.1 tan[err]  (%)
8        6         4.8      4.5 1 KHz        C(u F)             -        -
6.3      6.8        - tan[err](%)             -        -         9.8      9
- 45 The results of the above table reveal thatthe capacitors of the
invention using the conductive polymerfilms are higher in capacitance and
lower in the value of tan [err], making it possible to reduce the number of
the thermal decomposition operations of manganese nitrate. 50     In order
to evaluate moisture proofing, the capacitors were not covered with a
plastic resin and allowed to stand under conditions of 400C and 90% R.H. As
a result, it was found that the conductive polymer film- free capacitors
increased in the value of tan [err] with a reduction of leakage current
within 24 hours. On the con- trary, the capacitors made by the method of
the invention using the conductive polymer film kept the initial
characteristics over 50 hours. 55      As will be apparentfrom the above
example, since at least three insulating plates are provided at the con-
tact portion of the valve metal foil and the positive lead electrode. The
lead electrode is used as one of elec- trodes for the electrolytic
polymerization reaction. Thus, a conductive polymerfilm can be formed very
simply on a manganese dioxide layer. In addition, the capacitor is
substantially entirely covered with the polymer film, 11    EP 0 336 299 B1
so that not only good capacitor characteristics, but also good
moistureprooring can be obtained. This invention relates to a solid
electrolytic capacitor which comprises a capacitor element. The capacitor
element includes a valve metal member capable of forming a dielectric oxide
film thereon, a dielectric oxide film formed on the valve metal member, an
manganese dioxide layer formed on the dielectric oxide film, a 5
conductive polymer film formed on the manganese dioxide layer by
electrolytic polymerization, and terminals formed on the valve metal member
and the conductive polymer film, respectively, further comprising a non-
conductive polymer film provided between the manganese dioxide layer and
the conductive polymerfilm. The solid electrolytic capacitor Is improved in
capacitor characteristics. A method for manufacturing the solid elec-
trolyte is also described wherein the conductive polymerfilm is readily
formed on the manganese dioxide layer. 10 Claims 1. A solid electrolytic
capacitor which comprises a capacitor element which includes a valve metal
member 15      (1) capable of forming a dielectric oxide film thereon, a
dielectric oxide film (3) formed on the valve metal member, a manganese
dioxide layer (4) formed on the dielectric oxide film, a conductive polymer
film (5) formed on the manganese dioxide layer, and terminals (2, 6) formed
on the valve metal member and the conductive polymerfilm, respectively,
characterized infurthercomprising a non-conductive polymerfilm (7) provided
between the manganese dioxide layer and the conductive polymer film (5). 20
2. The solid electrolytic capacitor according to claim 1, wherein said
valve metal member (1) is made of a metal selected from the group
consisting of aluminum and tantalum. 3. The solid electrolytic capacitor
according to claim 1, wherein said conductive polymerfilm (5) is obtained
25      by electrolytic oxidation polymerization of a monomer selected from
the group consisting of pyrrole, thio- phene and derivatives thereof. 4.
The solid electrolytic capacitor according to claim 1, wherein said
manganese dioxide layer (4) is in the 



form of islands or a continuous layer. 30  5.  The solid electrolytic
capacitor according to claim 1, wherein one of the terminals (6) is
attached to the conductive polymer film (5) through a conductive layer (5a)
formed on said conductive polymer film (5). 6. The solid electrolytic
capacitor according to claim 1, wherein said non-conductive polymerfilm (7)
is made of a polymer of an acrylic ester, a methacrylic ester, acrylonitnle
or acrylamide. 35 7. Amethod formanufacturing a solid electrolytic
capacitorwhich comprises providing a valve metal member (1), forming an
anodized film (3) on the valve metal member (1), forming a manganese
dioxide layer (4) on the anodized film, subjecting a monomer capable of
forming a conductive polymerto electrolytic poly- merization therebyforming
a conductive polymerfilm (5) on the manganese dioxide layer (4) and attach-
40      ing terminals (2, 6) to the valve metal member (1) and the
conductive polymerfilm (5), respectively, char- acterized In that the
conductive polymer film (5) is formed by immersing the valve metal member
(1) after the formation of the manganese dioxide layer (4) in an
electrolytic polymerization solution comprising a monomer and a support
electrolyte, and applying a potential necessary for the electrolytic
polymeriza- tion between at least one electrode (8) provided in contact
with the manganese dioxide layer (4) and a 45      counter electrode (9)
provided in the solution and separated from the first-mentioned electrode
(8). 8. The method according to claim 7, wherein the anodized film-bearing
valve metal member is immersed in an aqueous solution of a manganese
compound capable of yielding manganese dioxide by thermal treat- ment and
thermally treating the immersed member at 200 to [err] in air to cause
manganese dioxide to 50      be deposited on the anodized film as a layer.
9.  The method according to claim 7, wherein said manganese dioxide is
formed as islands on the anodized film. 10. The method according to claim
7, wherein a plurality of electrodes are provided in contact with the man-
ganese dioxide layer (4). 11. The method acording to claim 7, wherein said
valve metal member is made of tantalum or aluminum.    so that not only
good capacitor characteristics, but also good molstureproofing can be
obtained. This invention relates to a solid electrolytic capacitor which
comprises a capacitor element. The capacitor element includes a valve metal
member capable of forming a dielectric oxide film thereon, a dielectric
oxide film formed on the valve metal member, an manganese dioxide layer
formed on the dielectric oxide film, a 5   conductive polymer film formed
on the manganese dioxide layer by electrolytic polymerization, and
terminals formed on the valve metal member and the conductive polymer film,
respectively, further comprising a non- conductive polymer film provided
between the manganese dioxide layer and the conductive polymer film. The
solid electrolytic capacitor is improved in capacitor characteristics. A
method for manufacturing the solid elec- trolyte is also described wherein
the conductive polymerfilm is readily formed on the manganese dioxide
layer. 10 Claims 1. A solid electrolytic capacitor which comprises a
capacitor element which includes a valve metal member 15      (1) capable
of forming a dielectric oxide film thereon, a dielectric oxide film (3)
formed on the valve metal member, a manganese dioxide layer (4) formed on
the dielectric oxide film, a conductive polymer film (5) formed on the
manganese dioxide layer, and terminals (2, 6) formed on the valve metal
member and the conductive polymerfilm, respectively, characterized in
furthercomprising a non-conductive polymerfilm (7) provided between the
manganese dioxide layer and the conductive polymer film (5). 20 2. The
solid electrolytic capacitor according to claim 1, wherein said valve metal
member (1) is made of a metal selected from the group consisting of
aluminum and tantalum. 3. The solid electrolytic capacitor according to
claim 1, wherein said conductive polymer film (5) is obtained by
electrolytic oxidation polymerization of a monomer selected from the group
consisting of pyrrole, thio- phene and derivatives thereof. 4. The solid
electrolytic capacitor according to claim 1, wherein said manganese dioxide
layer (4) is in the form of islands or a continuous layer. 30  5. The solid
electrolytic capacitor according to claim 1, wherein one of the terminals
(6) is attached to the conductive polymer film (5) through a conductive
layer (5a) formed on said conductive polymer film (5). 



6. The solid electrolytic capacitoraccording to claim 1, wherein said
non-conductive polymerfilm (7) Is made of a polymer of an acrylic ester, a
methacrylic ester, acrylonitrile or acrylamide. 35 7. Amethod for
manufacturing a solid electrolytic capacitorwhich comprises providing a
valve metal member (1), forming an anodized film (3) on the valve metal
member (1), forming a manganese dioxide layer (4) on the anodized film,
subjecting a monomer capable of forming a conductive polymerto electrolytic
poly- merization thereby forming a conductive polymerfilm (5) on the
manganese dioxide layer (4) and attach- 40      ing terminals (2, 6) to the
valve metal member(1) and the conductive polymerfilm (5), respectively,
char- acterized In that the conductive polymer film (5) is formed by
immersing the valve metal member (1) aftertheformation of the manganese
dioxide layer(4) in an electrolytic polymerization solution comprising a
monomer and a support electrolyte, and applying a potential necessary for
the electrolytic polymeriza- tion between at least one electrode (8)
provided in contact with the manganese dioxide layer (4) and a 45
counter electrode (9) provided in the solution and separated from the
first-mentioned electrode (8). 8. The method according to claim 7, wherein
the anodized film-bearing valve metal member is immersed in an aqueous
solution of a manganese compound capable of yielding manganese dioxide by
thermal treat- ment and thermally treating the immersed member at 200 to
[err] in air to cause manganese dioxide to 50      be deposited on the
anodized film as a layer. 9. The method according to claim 7, wherein said
manganese dioxide is formed as islands on the anodized film. 55  10. The
method according to claim 7, wherein a plurality of electrodes are provided
in contact with the man- ganese dioxide layer (4). 11. The method acording
to claim 7, wherein said valve metal member is made of tantalum or
aluminum. 12    EP 0 336 299 B1                       *  C   L  M   S  *
12. The method according to claim 7, further comprising forming a
non-conductive polymer film (7) on the manganese dioxide layer (4) prior to
the formation of the conductive polymer film (5). 13. The method according
to claim 7, furthercomprising re-anodizing the anodized film (3)
aftertheformation 5       of the conductive polymer film (5). 14. The
method according to claim 7, wherein said monomer is a member selected from
the group consisting of pyrrole, thiophene and derivatives thereof. 10  15.
The method according to claim 7, wherein the manganese dioxide is deposited
on the anodized film (3) at a rate of 30 to 70% of a final capacitance,
after which the conductive polymer film (5) Is formed on the manganese
dioxide layer (4). 16. The method according to claim 7, further comprising
aging the capacitor by application of an appropriate potential to the
terminals (2, 6). 17. The method according to claim 7, wherein said valve
metal member (1) has a positive lead electrode (2) and at least three
insulating members (12) each having an opening (13) through which the
positive lead electrode is inserted to set the at least three insulating
members at the connection of the lead electrode (2) with thevalve metal
member(1); said anodized film (3) is formed entirely over the valve metal
member 20      (1) and the three insulating members; at least one
insulating member (12) is removed to expose part of the lead electrode (2)
under which the electrolytic polymerization is carried out by application
of the nec- essary potential between the lead electrode (2) and a counter
electrode (9) electrically separated from the lead electrode to form the
conductive polymer film (5) on the manganese dioxide layer (4); and re-
moving the insulating members (12) except for the lowermost one to ensure
electric insulation between 25      the lead electrode (2) and the
conductive polymer film (5), thereby obtaining a capacitor element. 18. The
method according to claim 17, wherein said valve metal member is made of
tantalum. 90  PatentansprOche 1.  Festelektrolytkondensator mit einem
Kondensatorelement, das ein Rohrenmetalleiement (1), welches ei- nen
dielektrischen Oxidfilm bilden kann, elnen dlelektrischen Oxidfilm (3), der
auf dem Rahrenmetallele- ment gebildet ist, eine Mangandioxid-Schicht (4),
die auf dem dielektrischen Oxidfllm gebildet ist, einen 36      leitenden
Polymerfilm (5), der auf der Mangandioxid-Schicht gebildet at, und
Anschlfisse (2,6) aufwelst, die an dem Rohrenmetalielement und dem
leitenden Polymerfllm Jewells ausgebildet sind, dadurch ge- 



kennzeihhnet, dalS eln nicht-leitender Polymerfilm (7) zwlschen der
Mangandioxid-Schicht und dem lel- tenden Polymerfilm (5) angeordnet bst. 40
2.  Festelektrolytkondensator nach Anspruch 1, wobei das
R8hrenmetallelement (1) aus einem Metall be- steht, das aus der Gruppe
ausgewahIt ist, die Aluminium und Tantal umfaflt. 3.
Festelektrolytkondensator nach Anspruch 1, wobei der leitnde Polymerfilm
(5) durch elektrolytische Oxi- dationspolymerisatlon elnes Monomers erzielt
wird, das aus der Gruppe ausgewihit !at, die Pyrrol, Thio- 45      phen und
deren Derivate umfal~t. 4.  Festelektrolytkondensator nach Anspruch 1,
wobei die Mangandioxid-Schicht (4) in Form von Inseln oder in Form einer
kontinuierlichen Schicht vorllegt. 5.
FestelektrolytkondensatornachAnspruch 1, wobei elner derAnschlusse (B) an
den leitenden Polymerfilm (5) mittes elner leltenden Schicht (5a) befestigt
ist, die auf dem leitenden Polymerfilm (5) gebildet ist. 6.
Festelektrolytkondensator nach Anspruch 1, wobel der nicht-leltende
Polymerfilm (7) aus elnem Polymer von Acrylester, Methacrylester,
AcryInitril oderAcrylamid hergestellt ist a5  7. Verfahren zur Herstellung
eines Festelektrolytkondensators, be! dem ein Rohrenmetallelement(1)
bereft- gestelltwird, ein anodisch behandelterFilm (3) aufdem
R8hrenmetallelement (1) gebildetwird, elne Man- gandioxid-Schicht (4) auf
dem anodisch behandelten Film gebildet wird, ein zur Bildung elnes
leltenden Polymers fAhiges Monomer einer elektrolytischen Polymerisation
zur Bildung eines leitenden Polymer- 13    EP 0 336 299 B1
*  C  L  M S  * films (5) auf der Mangandioxid-Schicht (4) unterworfen wird
und Anschlflsse (2, 6) an dem Rohrenme- tallelement (1) und dem leitenden
Polymerfilm (5)jewells befestigtwerden, dadurch gekennzelchnet, dall der
leitende Polymerfilm (5) nach Bildung der Mangandioxid-Schicht (4) durch
Eintauchen des Rohren- metallelementes (1) in eine elektrolytische
Polymerisationslosung, die ein Monomer und einen Trager- 5
elektrolyten aufweist, gebildet wird und ein far die elektrolytische
Polymerisation notwendiges Potential zwischen wenigstens elner Elektrode
(8), die In Kontakt mit der Mangandioxid-Schbcht (4) steht, und einer
Gegenelektrode (9), die in der Losung vorgesehen und von der zuerst
erwahnten Elektrode (8) getrennt ist, angelegt wird. 10  8. Verfahren nach
Anspruch 7, wobel das den anodisch behandelten Film tragende
R8hrenmetallelement in sine wairige L8sung einer Manganverbindung, die
durch thermische Behandlung Mangandioxid erge- ben kann, eingetauchtwlrd
und das eingetauchte Elementthemmisch bei 200-3500C in Luft behandeltwird,
urn das Mangandioxid zu veranlassen, sich auf dem anodisch-behandelten Film
als eine Schicht abzula- gern. 15 9. Verfahren nach Anspruch 7, wobel das
Mangandioxid in Form von Inseln auf dem anodisch behandelten Film gebildet
wird. 10. Verfahren nach Anspruch 7, wobei mehrere in Kontakt mit der
Mangandioxid-Schicht (4) stehende Elek- 20      troden vorgesehen sind. 11.
Verfahren nach Anspruch 7, wobei das Rohrenmetallelement aus Tantal oder
Aluminium besteht. 12. Verfahren nach Anspruch 7, wobeifernerein
nichtleitender Polymerfilm (7) auf derMangandioxld-Schicht (4) vor der
Bildung des leitenden Polymerfilms (5) gebildet wird. 25 13. Verfahren
nachAnspruch 7, wobeifernerderanodisch behandelte Film (3) nach derBildung
des leitenden Polymerfilms (5) anodisch rfckbehandelt wird. 14. Verfahren
nach Anspruch 7, wobei das Monomer ein Element ist, des aus der Gruppe
ausgewahit wird, 30      die Pyrrol, Thiophen und deren Derivate umfrSt.
15. Verfahren nach Anspruch 7, wobel des Mangandioxid auf dem anodisch
behandeltbn Film (3) mit einer Rate von 30-70 % der Endkapazitfat
abgelagert wird, worauf der leitende Polymerfllm (5) auf der Man-
gandioxid-Schicht (4) gebildet wird. 3   16. Verfahren nach Anspruch 7,
wobel ferner der Kondensator durch Anlegen eines geeigneten Potentials auf
die Anschlflsse (2, 6) vergftet wird. 17. Verfahren nach Anspruch 7, wobei
das Rohrenmetallelement (1) eine positive Blelelektrode (2) und we-
nigstens drei isolierende Elemente (12) aufweist, die Jeweils sine Offnung
(13) haben, dumh die die po- 



sitive Bleielektrode eingefuhrt wird, urn die wenigstens drei isolierenden
Elemente an derVerbindung der Bleielektrode (2) mit dem Rohrenmetallelement
(1) festzusetzen, der anodisch behandeltb Film (3) voll- stindig uberdem
Rohrenmetallelement(1) und den drei isolierenden Elementen gebildetwird,
wenigstens ain isolierendes Element (12) entfernt wird, ur einen Tell der
Bleielektrode (2) zu exponieren, mit dem durch Anlegen des notwendigen
Potentials zwischen der Bleilektrode (2) und einervon der Bleielektrode 45
elektrisch getrennten Gegenelektrode (9) die elektrolytische Polymerisation
durchgefflhrt wird, urn den leltenden Polymerfilm (5) auf der
Mangandioxid-Schicht (4) zu bilden, und wobel die isollerenden Ele- mente
(12) mit Ausnahme des untersten Elementes entfernt werden, urn die
elektrische Isolierung zwi- schen der Bleielektrode (2) und dem leitenden
Polymerfilm (5) sicherzustellen, wodurch ain Kondensa- torelement erzielt
wird. 50 18. Verfahren nach Anspruch 17, wobei das Rohrenmetallelement aus
Tantal bestsht. Revendlcatlons 55 1. Condensateur A 6lectrolyte solide,
comprenant un 6l6ment capacitif comportant un 6lement m6tallique (1)
fonmant 6lectrode, permettant de former sur lul un film d'oxyde
d6lelctrique, un film d'oxyde dieleo- 14    *C   L  M   S * trique (3)
formi sur l'element m6tallique formant 6lectrode, une couche de dioxyde de
manganese (4) form6e sur le film d'oxyde di6lectrique, un film polymbre (5)
conducteur forme sur la couche de dioxyde de manganese, etdes bornes (2, 6)
formees sur I'6elment metallique formant6lectrode etlo film polymbre
conducteur respectivement, caracteris6 par le fait qu'il comprend en outre
un film polymere (7) non 5       conducteur, pr6vu entre la couche de
dioxyde de manganese et le film polymere (5) conducteur. 2.  Condensatbur a
electrolyte solids solon la revendication 1, dans lequel ledit 6l6ment
m6tallique formant 6lectrode (1) est realis6 en un m6tal s6lectionne dans
le groupe compose de l'aluminium et du tantale. 10  3. Condensateurb
electrolyte solide solon la revendication 1, dans lequel leditfilm polymere
(5) conductbur est obtbnu par une polym6risatlon par oxydation
6lectrolytique d'un monomere selectionne dans oxyda- tion 6lectrolytique
d'un monomere selectionne dens le group. compos6 du pyrrole, du thiophene
et de leurs d6riv6s. 4.  Condensatour A electrolyte solide selon la
revendication 1, dane lequdl ladito couche de dioxyde de man- ganese (4) se
pr6sente sous la forme d'lots ou d'une couche continue. 5. Condensatbur A
6lectrolytb solide solon la revendication 1, dans loquel l'une des bomes
(6) st fix6e au film polymere (5) conducteur, par l'interm6dlaire d'une
couche conductrice (5a) formee sur ledit film po- lymbre (5) conducteur. 20
6. CondensateurA electrolytb solide salon la revendication 1, dans lequel
leditfilm polymbre (7) non conduo- tour est constitu6 d'un polymere d'un
ester acrylique, un ester methacrylique, I'acrylonitrile ou I'acryla- mide.
25  7.  Proc6d6 de fabrication d'un conductaur A electrolytb solide,
comprenant l'agencement d'un element m6- tallique (1) formant 6lectrode, la
formation d'un film (3) anodis6 sur l'element m6tallique formant 6lectrode
(1), la formation d'une couche de dioxyde de manganese (4) sur le film
anodise, I'expositbon d'un mono- mere capable de former un polymere
conductbur A une polym6risation 6lectrolytique, de maniere A former un film
polymere (5) conducteur sur la couche de dioxyde de manganese (4) et la
fixation de bornes (2, 30      6) respectivement a 1'61ement metallique
formant electrode (1) et au film polymere (5) conducteur, carac- terbe en
ce quo le film polymere conducteur (5) est forme par immersion de l'6l6ment
m6tallique formant electrode (1), apres la formation de la couche de
dloxyde de manganese (4), dans une solution de poly- m6risatlon
electrolytique comprenant un monomere et un electrolytb de support, et
application d'une ten- slon n6cessalre A la polymerisation 6lectrolytique
entre au moins une 6lectrode (8) mise en contact avec 35      la couche de
dioxyde de manganese (4) et une contre-6lectrode (9) placee dans la
solution et boloe de l'electrode (8) mentlonnee en premier. S.  Proc6d6
salon la revendication 7, dans lequel l'6l6ment metallique formant
6lectrode porteur de film ano- dise6 est immerg6 dane une solution aqueuse
constituee d'un compose de manganese, capable de pro- 



40      duire du dioxyde de manganese parun traitomentthermique
ettraitementthermique de l'organe immerg6 A une tbmperature allant de 200 a
3500C dans l'air, af In de provoquerun d6pot de dioxyde de manganese sous
forms de couche sur Is film anodise. 9.  Proc6d6 selon la revendication 7,
dans lequel ledit dioxyde de manganese est formm comme des Tlots 45
sur le film anodis6. 10. Proc6d6 selon la revendication 7, dans lequel une
pluralite d'6lectrodes est prevue en contact avec la couche de dioxyde de
manganese (4). 11. Procede selon la revendication 7, dans loqual ledit
element metallique formant electrode est realie6 en so      tantale ou en
aluminium. 12. Procede solon la revendicatlon 7, comprenant en outre la
formation d'un film polymere (7) non conductsur sur la couche de dioxyde de
manganbse (4), avant la formation du film polymere (5) conductsur. 55   13.
Procede selon la rovendication 7, compronant an outre la r6anodbmatlon du
film anodise (3) apres la for- mation du film polymere conductour (5). 14.
Procede solon Ia revendication 7, dans lequel ledit monomere est un organo
selectionne dane le groups 15    EP O 336 299 B1 * C   L  M   S  * compose
du pyrrole, du thiophene et de leurs d6riv6s. 15 Proc6d6 selon la
revendication 7, dane lequel le dioxyde de manganese est depos6 sur le film
anodis6 (3) a un taux allant de 30 A 70 % d'une capacite finale, A la suite
de quoi le film polymere conducteur (5) c       est form6 sur la couche de
dioxyde de manganese (4). 16. Proced selon la revendication 7, comprenant
en outre le viellllssement du conducteur par l'application d'une tension
appropriee sur les bornes (2, 6). 17. Procd6 selon la revendication 7,
danslequel ledit l6mentm6talliqueformant6lectrode (1) pr6sente une 10
6lectrode conductrice (2) positive et au moins trois organes isolants (12)
ayantchacun une ouverture (13) dans laquelle est inseree l'electrode
conductrice positive, afin de placer les au moins trols organes iso- lants
au niveau de la liaison entre l'6lectrode conductrice (2) et l'el6ment
m6tallique formant electrode (1); ledit film anodis6 (3) est forme
entierement sur l'el6ment metallique formant electrode (1) et les trois 15
organes isolants; au moins un organe isolant (12) est retire afin d'exposer
une partie de l'electrode conductrice (2) sur laquelle la polymerisation
electrolytique est offectues, par l'application de la tension necessaire
entre l'electrode conductrice (2) et une contre-electrode (9) isol6o
electriquement de l'leo- trode conductrice, afin de former le film polymere
(5) conducteursur la couche de dioxyde de manganese (4); et enlivement des
organes isolants (12), A l'exception du plus bas, afin d'assurer une
isolation 6leo- trique entre l'electrode conductrice (2) et le film
polymere (5) conductour, de maniere A obtenirun element capacitif. 18.
Procede slon la revendication 17, dans lequel ledit element metallique
formant electrode est realibe en tantale. 25 30 35 40 45 50 55 16    


