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SOLID ELECTROLYTIC CAPACITOR

- AND METHOD OF MANUFACTURING THE SAME

TECHNICAL FIELD OF THE INVENTION

 The present inirenfion _relafes to a solid electrolytic
capacitor using a conductive high polymer in the electrolyte
used in various electronic appliances, and a method of

manufacturing the same.

BACKGROUND OF THE INVENTION

- Owing fo the advancement in digital appliances, recently,
capacitors having a low impedance and an excellent high
frequency characteristic even in a high frequency region are
- strongly demanded. To meet such market needs, capacitors using
‘conductive high polymers obtained by' polymerizing pyrrole,
thiophene or aniline as the electrolyte are being developed and
commercially produded. _

Hitherto, a so0lid electrolytic capacitor of this kind
compr.:Lses, as disc.:losed in Japanese Laid-open Patent No.
63-158829, an anode electrode made of a valve metal having a
dielec'tric oxide layer, the dielectric oxide lay_er formed on
this anode electrode, a conductive high polymer layer formed

by pyrolysis of manganese dioxide layer on this dielectric oxide




layer, and a cathode electrode placed on this conductive high
polymer layer. The conductive high polymer layer is formed by
electrolytic process in an electrolytic' polymerization
solution using manganese dioxide 1ayer as the anode.

Formation of conductive high polymer layer by this
electrolytic polymeriz_ation is quick in forming a conductive
high polymer layer as compared with chemical polymerization or
vapor phase polymerization, and it requires a relatively simpl-e
equipment, and hence it is said to be beneficial for industrial
production.

In the prior art, however, the for_:xning condition of'
manganese dioxide layer has great effects on the principal
' characteristics of the solid electrolytic capacitor such as
capacitance, tan d and impedance.

That is, vihen the anode electrode is formed by a method of
‘:-.'bonding particles of valve metal into a porous substance by
sintering, or a method of multiple etching pits by etching
process, such anode electrode has an undulated surface of an
expanded surface area of £ine pores or the like. The dielectric
oxide layer formed on the surface of the anode electrode having
fine pores nas multiple fine pores and expo's'ed portions reaching |
1_:he inner depth. In the prior art, the manganese dioxide layer
_fo:r:med on this dielectric oxide layer is formed only on the
exposed portions, and not formed in the inner parts of the :Eine'

pores. The conductive high polymer layer is formed only on this



ménganese dioxide layer; That is, in such conventional solid
electrbiytic'cabaCitor, it was possible to have a. cavity in
the inside. In such conventional constitution, when the anodé.
electrode has an 'expanded__undulated éuiface, sufficient
capacitance and sufficient impedande corresponding to the
expanded undulated surface could not be ob'ta_ined. Thus, there‘
were serious problems also in the constitution of using .
conductive high polymer as thé electrolyfe.

It is hence an object of the invention.to present a solid
electrolytic capacitor | exhibiting a desired effect
sufficiently, in the solid electrolytic capacitor using an

anode electrode having an undulated surface and a conductive

" high polymer as electrolyte, and a method of manufacturing the

same.

° SUMMARY OF THE INVENTION

The solid electrolytic capacitor of the invention _
comprises:

(a) an anode electrode having a first undulated surface,

-{(b) a dielec.tric oxide layer placed on a first undulated
surfacé of the anode electr'ode, in which the . dielectric
oxide layer ipcludes a second undulated surface. -placed
continuously coinciding with the shape of the first undulated

surface,

(c) amanganese dioxide layer placed on the second undulated



surface of the -dielectricﬁ oxide layer,' in which the _li\anganese
: .dioxide layer includes a continuous 'third undulated surface,
plaéed coinciding with the shapé of tﬁe second undulated surface,
on the second undulated surface of the dielectric oxide layer,

(d) a conductive high polymer layer placed on the third
undulated surface of the manganese dioxide layer, in which the
conductive high polymex; layer is placed on the t-hird undulated
surface of the manganese dioxide layer, and |

(e) a cathode layer placed above the conductive high polymer

layer.

-

The manufacturing method of solid electrolytic capacitor

of the invention comprises:

(a) a step of supplying an anode electrode having a first
undulated surfacé,
- (b) a step of forming a dielectric oxide layer on the first
undulated surface, in which the" dielectric oxide layer
includes a second undulated surface coihciding with the first
undulatec_i surface, |

(F:) a step of forming a manganese dioxide layer on the second
undulated surface, in which the manganese dio,xide layer
includes a continuous third undulated surface, placed
coincidirig with the shape of the second undulated surface, on

the second undulated  surface,

(d) a step of forming a conductive high polymer layer on



- the third undulated surface, in which ‘the conductive
~ high polymer layer is formed on the third undulated surface
of the manganese dloxide layer, and

(e) a step of forming a cathode layer above the conductive
-high polymer layer. |

Preferably, the manganese dicxide layer is placed in
contact with the entire surface of concaye and convex portions
of tne second_undulated surface.

Preferably, the conductive high polymer layer is placed in
contact with the entire surface of concave and convex portions
of the third undulated surface.

Preferably, the first undulated snrface has a surface with
a plurality of fine pores and exposed portions. _ |

-Preferably, the anode electrode having the first undulated
-surface has a porous sinter of valve metal or a roughened metal
-.foil. . _

Preferably, the conductive high pclymer | layer has a
'ccnductive high polymer layer formed by electrolytic
polymerization.

Preferably, it also includes a step of impregnating the
manganese dioxide layer sufficiently inaé6.5wt.% to 26.5 wt %
aqueous ‘'solution of manganese nitrate at 10°C to 40°C
sufficiently, and lifting, and a subsequent step of removing
the excess portion of'aqueous solution of manganese nitrate

adhered to the surface and a step of heating to more than 80%



of pyrolysis temperature within a | minute and perfoiming
pyrolysis for three minutes or more at 300x10°C. |

| In this constitution'and manufacturing me.thod ., @ manganese
dioxide layer can be formed on the entire surface of the
undulated surface of the oxide film without  damaging the
dielectric oxide £ilm of the anode electrode havi_ng fine pores
or undulated surface. Accordingly, the conductive high
polymer layer by electrolytic polymerization is formed securely
'from the inner.s_urface of fine pores to the' outer surface. As
a result, a capacitor having the capacitance, impedance, leak

current -and other characteristics exactly as designed is

obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view showing principal parts of a solid

.eleotrolytic capacitor in an embodiment of the invention. -

. Fig. 2isa sectionel view showing principal parts of a solid
electrolytic capacitor in a comparative example of | the
invention.

Fig. 3isa seotional view showing principal parts of a solid
electrolytic capaoitor in other comparative example of the
invention.

Fig. 4 shows the process of manufacturing method of solid

electrolytic capacitor in the embodiment of the invention.




Reference Numerals

1 Aluminum metal foil

2 Undulated surface

2& Fine pore |

2b Exposed portion
Dielectric oxide film
‘Manganese dioxide layer

Conductive high polymer layer

o U o a W

Cathode layer

DETAILED DESCRIP’J.‘ION OF THE INVENTION

A solid electrolytic capacitor in an embodiment of the
invention comprises

an anode electrode having a first uﬁdulated surface of
~ porous sinter of valve metai or roughened metal foil,

) a dielectric oxide layer having a second undulated surface
placed on the first undulated surface of the anode electfode,

a manganese dioxide layer having a third undulated surface
placed on the second undulafed surface of the dieiectrié o_xide
layer, _

a conductive high poljrmer layer. formed by electrolytic
polymerization in contact with the third undulated surface of
the manganese dioxidé_;ayer, and

a cathode electrode placed on this conductive high polzmér

layer. The conductive high polymer layer has a function as an




electrolyte.

The first undulated surface of 'the anode electrode has a
widened surface having fine pores and exposed portions. The
‘dielectric oxide £ilm also has the second undulated surface
placed on the first undulated surface without gap. The
mangainese dioxide layef further has the third undulated surface
placed on the second undulated surface without gap. Moreover,
the conductive high polymer layer is placed on the third
undulnted surface without gap. In this constitution, the all
sunface region including the fine pores of the expanded first
undulated surface of the anode electrode acts effectively for_
the canaditor characteristics, and, as a result, the solid
elecfrolyti'c capacitor having the characteristics exnctly as
designed, such as the capacitance, impedance and leak current,
- will be obtained.

) Preferably, the manganese dioxide l_ayer is -contained by 5
to 15 ng per unit surface area 1 mm’ of the dielectric layer.
Herein, "ng" stands for nanogram, and 1 ng is equal to 10 g.
If the content of the manganese dioxide layer is small than this
ran_ge, the manganese dioxide layer may not be_ formed -in the
entire surfane. If the content of the manganese dioxide layer
is more than this range, the manganese dioxide layer may be
) formed excessively so as to plug the openings of fine pores.
Therefore, by containing the manganese dioxide layer in a range

of 5 to 15 ng per unit surface area 1 mm® of the dielectric



layér, the capacitor having the characteristics exéctly 'as
.designed will be realized.

; Preferably, the manganese dioxide layer is formed ‘by.
pyrolysis of aqiledus 'solution of manganese nitrate at
concentration of 6.5 to 26.5 wt.%. In this 'range' of
concentration, fhe agueous solution of manganese nitrate
permeates deeply into the fine pores, and the manganese dipxide

layer is formed on the entire surface of the dielectric oxide

layer.

Amanufacturing method of solid eiéétrolytic capacitor in
the embodiment of the invention includes:

a step of supplying an anode electrode having a first
imdulated surfécé of éporous sinter of valve metal or roughened
metal foil, |
a step of forming a -diel'ectric oxide layer having a second
undtila’ted surface of a continuous shape coinciding with the
shape Qf the first undulated surface, on the *first undulated
surface, by forming treatment of the anode electrode having the
first undulated surface, . |

" a step of forming a manganese dioxidé layer havihg a third |
undulated surface of a contihuous shape on ~.the second undulé.ted
surface .o:E the dielectric oxide layer by pyrolysis treatment,
by impregnating the fofméd dielectric oxide.layer in an 'aquebus

solution of manganese nitrate at concentiation of 6.5 to 26.5



wt.%,

a step of forming a conductive high polymer layer on the
-third undulated surface of the manganese dioxide layei- by
péssing currént 'in the manganese’ dioxide layer in aﬁ
electrolytic polymerizati_on solution, and

a step of forming a cathode electrode on the conductive high
polymer layer. |

~ In this method, too, all the surface region including fine

pores of the. expanded first undulated surface of the anode
electrode acts effectively for the capacitor characteristics,
and, as a re-sult, the so0lid electrolytic capacitor having the
characteristics exactly as'designed, such-as the capacitance,
impedance and leak current, will be obtained. Moreover, the
condﬁc_:tive high polymer layer corfespon_ding to the .entir.e
surface including the fine pores of the anode eléctrode can be
"..formed. -As a result, the solid electrolytic capacitor flaving
excellent characteristics will be obtained.

Preferably, | the aqueous | solution of maﬁganese nitrate
permeates into the anode electrode in a temperature range of
10 to. 40°C. 1In this range, the aqueous solution of manganese
nitfate 'permeateé in a short time, | and i)reakage of the
diel'ectric oxide layer is prev_ented. |

Preferably, impregnation of the aqueous solution of
. manganese nitrate continues until sufficiently permeating into

the fine pores of the anode electrode. By this method, the
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manganese dioxide layer is férmed on the entire éurface of the
anode.electrode.'-

' Pi‘eferably, after impregnation of the aqueous solution of"

manganese nitrate into the anode electrode, the excess portion
" of the aqueous solution of manganese nitrate adhered to the
surface of the anode electrode is removed. By fhis method,
pluggiﬁg of the openings of the fine pores is prevented when
'forming the manganese dioxide layer. |

Preferably, the pyrolysis treatment is performed at high
humidity. By this method, a dense manganese dioxide layer is
formed. As a result, the capacitor characteristics are
enhanced. .

-Preferably, the pyrolysis treatment i.s performed in a state
of high humidity with the steam content of 85x10 vol.%. | Bjr this
.method, a dense manganese dioxide layer is formed. As a result,
) -]the capacitor characteristics are enhanced.

Prefer;bly,_ in the pyrolysis treatment, by heating up to
80% of the pyrolysis temperature in 'a minute, the pyrolysis
temperature is held for at least three minutes. By thismethod, |
.the dense manganese digx:l:de layer i'_s formed securely into the
innér parfs of the fine porés.

.Preferably, the pyrolysis 'I':emperature' of the pyrolysis

treatment is 300:10°C. By this method, a dense manganese

dioxide layer is formed securely.

- 11 -



A specific embodimént of the invention is described below
while referrin'g to the di*éwings. |

The 6onstitution of the Solid electrolytic napacitor in i:he
embodiment of the invention is described while referring to Fig.
1 to Fig. 4 As an embodiment qf the anode electrode, a solid
electi‘olytic capacitor using an aluminum metal foil roughened
by etching is explained below.

Fig. .1 is a magnified sectional view of principal parts. of
the snlid electrolytic capacitor in the embodiment of the .
invention. In Fig. 1, an aluminum metal foil 1 as an anode
electrode includes a first undulated surface 2 having multiple_
fine pores 2a and exposed portions 2b formed by etching. A
dielectric oxide layer_ 3 formed by forming treatmgni: is placed

on the entire surface of the first undulated surface 2 of the

aluminum metal foil 1. This dielectric oxide layer 3 has a

" second un-dulated surface coinciding with the shape of the first

undulated surface. A thin manganese dioxide layer 4 is formed
on the éntire surface of the second undulated surface of 'f:he
dielectric oxide layer 3 (that is, the éntire surface including
the dielectric oxide J.ayer 3 formed in the_fine pores 2a). | The
manéanese dioxide lnyer .has a thind undulated surface

coin.ciding with the shape of the second undulated surface. The

" manganese dioxide layer has a manganese dioxide layer of a

continuous shape, formed on the second undulated surface. A

conductive high polymer layer 5 of polypyrrole, polythiophene,
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or polyaniline is fqrmed on the third undulatc-;d surface'of-' the
.manganese-dioxidé layer 4 by. electrolytic polymeriéatiop method _
or the. like. Further, a cathode electrode 6 of carbon paste
layer or silver paste layer is placed on this conductive high
pélytner layer 5.

Preferably, the nianganese dioxidé layer is unifo:t.:mly placed
on the entire surface -of concave and convex portions of the
second undulated surface, and more preferably placed in contact
without gap.

The conductive high polymer layer is imiforml;y placed on
the entire surfa_c'e of concave and convex portions -of the third_
undulated surfacé, and more preferably placed in contact
without gap.

The manganese diﬁxide layer 4 of the embodiment is formed
_by a weight of 5 to 15 ng per unit surface area l1 mm® of the
. dielectric oxide' layer 3. If the weight of the manganeée
dioxide layer 4 is less than 5 ng/1 mmz,. as shown in Fig. 2,
the manganese dioxid_e layer 4 may not be formed uniformly on
the entire surface of the second undulated surface of the
dielec-tric oxide layér 3, and, for examplé, the manganese
dioxide layer 4 -may be .formed in é.n ih_sﬁlar shape 4a.
Accordingly, there is a portion 5a not forming the conductive
high polymer iayer 5, | and the desired capacitanée or impedance

may not be obtained.

Or if the weight of the manganese dioxide layer 4 'is more
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than 15 ng/ll mm?, as shown in Fig. 3, plugging portions 4b may
be formed in the.manganese dioxide layer 4 to plug th.e openings
.of'the fine pores 2.. As a result, there are gaps 5c not :Eorming
the .conductive high polymer 1ayer 5, aﬁd the desired
characteristics may not be obtained.

Therefoi:e, 'as the- -condit.:ion of forming the manganese
dioxide layer 4 completely- also on the surface 'of the
dielectrid' oxide layer 3 positioned inside of the fine pores
2a, what is 'important is the concentration of aqueous solution
of mangaﬁese nitraté for forming the manganese dioxide layer |
4. The concentration _of agqueous solution of manganese nitrate
is preferred to be in a range of about 6.5 to about 26.5 wt.%l.
When the concentration of aqueous solution of manganese nitrate .
is .1ess than about 6.5 wt.% . the manganese dioxide layer 4 cannot
Jbe formed on the surface of | the dielectric oxide layer 3

uniformly by a small number of times of pyrolysis treatmen';:.
When the concentration of aqueous solution of manganese nitrate
" is more than about 26.5 wt.%, the viscosity of the agueous
solution of manganese nitrate is too high, and the, agqueous
solution of manganese nitrate cannot permeate sufficiently into
the fine pores 2. As a result, the manganese dioxide layer 4
-is not formed uniformly on the surfact-_z of the dielectric oxide
layer 3. That is, in qrder to form the manganese dioxide layer
4 uniformly on the éurface of the dielectric oxide layer 3, it

is preferred to use the agqueous solution of manganese nitrate
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at a concentration in a range of about 6.5 wt.% to 26.5 wt.%.

In the step of fdrﬁling the manganese dioxide layer, it is
. pfeferred to treat the agueous solution of manganese ,n:i_.trate
adhered to the surface of the ldielectric oxidé layer by -
pyrolysis in an atmospheré of high humidity, or an atmosphere
containing 85;:10 vol.-%' of steam. If having the mahganese
dioxide layer formed at humidity out of this hﬁmi_dity rangé,
the characteristics of the solid electrolytic capacitor are

slightly inferior.

Typical embodiments are described below, but it must be

noted that the invention is not limited to these embodiments

alone.

Em‘t;odilnent 1

The process of manufacturing | method of the so0lid
electrolytic capa_citof in .the embodiment of the invention is
shown in Fig. 4. A roughened aluminum metal foil is prepared.
'i‘he aluminum metal .f-oil has an-undulated surface 2 havihg
multiple fine pores 2a and exposed pori:ions 2b formed by etching
proéess so that thé surface area may be about 125. times. That
is, fhe aluminum metal foil has a roughened surface. In part
of the surface of th_e aluminum metal foil, an electric
insulating resist tape .was glued, and the cathode electrode and

anode electrode were separated. Thus, an anode electrode 1
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haVJ.ng an effectlve area of 3.2mmx 3.9 mm was fabricated. This
. anode electrode .1 was immersed in an aqueous solution of-
ammonium dihydrogenphosphate at concentration of 0.3 wt.% at
liquid temperature of.70°C, and a direct-current voltage of 12
V was applied for 20 Ininutes. Thus, _a dielectric oxide layer
3 was formed on the surface of the aluminum metal foil.

In snccession. the anode electrode 1 having the dielectric
oxide layer 3 was immersed in an aqueous solution of manganese
nitrate at concentration of 20 wt.% at liquid temperature of
25°C for 3 seconds, and was lifted from the agqueous solution.
Then, the excess portion of the aque'oué solution .of manganese
nitrate adhered to the surface of the dielectric oxide layer
3 of the anode electrode 1 was removed by blowing out with air.
Then, within one minute after lifting the anode electrode 1

adhered with the aqueous solution of manganese nitrate on the
h ..,surface of the. dielectric oxide layer 3 from the aqueous
solution, it was heated to over 250°C, and treated by 'pyroly_sis
at 300°C for five minutes. Thus, the mang'anese dioxide iayer

4 was formed on the surface of the. dielectric oxide layer 3 of
| the anode electrode 1. The pyrolysis was treated in the
atmosphere containing about 85+10 vol.% of steam.

Then. the anode electrode 1 having the manganese dioxide
layer 4 was immersed in an agqueous solution of ammonium
dihydrogenphosphate a-t' concentration of 0.3 wt.% at liquid

temperature of 70°C, and a direct-current voltage of 10 V was
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applied fo-r. 10 minutes. Thué, the anode electrode having the
manganesé dioxide layer 4 ‘'was re-formed. .O'n the manganese
dioxide layer, a conductive high. polymer layer 5 made of
N polypyrrole fiir_n was formed by ele_ct:colytic' po_lyme_rization
method. .On the conductive high poiymer layer 5, further, carbon
paste and silver paste were applied sequentially, and é cafhode
electrode 6 was formed. Terminals were placed in the device
having thus forined anode electrode 1, dielectric oxide layer
3, manganese dioxide layer 4, and conductive high polymer layer
5. By resin molding of the.outer surface of the device, the

'casing was formed. Thus, the solid eléétrolytic capacitor was

manufactured.

Embodiment 2

In the foregoing embodiment l, an aqueous solution of
" -manganese nitrate having a-.céncentration of | .‘Z_S wt.% was used.
A solid electrolytic capacitor was prepared in the same manner

as in embodiment 1 except for this method.

Embodiment 3
' In the foregoing embodiment 1, an aqueous solution of
manganese nitrate having a concentrat;l.on of 35 wt.% was used.
A solid electrolytic cé.pac‘itor was prepared in the same manner

as in embodiment 1 exbept for this method.
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Embodiment 4
The temperature of the aqueous solution of manganese
niti'ate is _50°C. A solid electrolytic capacitor was pre;ﬁared

in the same manner as in embodiment 1 except for this method.

Embodiment 5

In the foregoing embodiment 1, the time of immersing thé
anode .electrode ;Ln the aqueous solution of manganese nitrate
was 0.5 sec. A solid electrolytic capacitor was prepared in

the same manner as in embodiment 1 except for this method.

Embodiment 6

Ih the foregoing embodiment 1, the excess agqueous solution

of manganese nitrate was pyrolyzed without blowing away. A

- 501id electrolytic capacitor was prepared in the séme mannexr

as in embodiment 1 except for this method.

- Embodiment 7

In the foregoing embodiment 1, the pyrolysis was performed

‘without applying humidity in the process of pyrolysis. A solid

electrolytj:c' capacitor was prepared in the same manner as in

embodiment 1 except for this method.

Embodiment 8

In the foregoing embodiment 1, the humidity in pyrolysis
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" process was adjusted to 50% RH. A_solid electrolytic caba'citor

"was prepared in the same manner as in embodiment 1 except for

this method.

Embodiment 9

'In thé foregoing embodiment 1, the time required for
heating up to 250°C was more than three minutes after lifting
the anode eiect_fode from the agqueous solution, and the holding
time ai: 300°C was one min_lite. A solid electrolytic capacitor

was prepared in the same manner as in embodiment 1 except for

this method .

Embodiment 10
In the foregoing embodiment 1, the pyrolysis tem‘peréture

was 250°C. A solid electrolytic capacitor was prepared in the

same manner as in embodiment 1 except for this method.

Using various solid é],ectroiytic capacitors fabricated in
these manners, initial characteri.stics were measured. Results
are summarized in Table 1.  The measuring temperature was 25
to 30°C. The capacitance and tan d was measured at 120 Hz, é.nd
the impedance was measured at 400 kHz. '150 measure the leak
current, after appiying direct;current voltage of 6.3 V, the
‘current was measured 30 seconds later. In each one of these

samples of the embodiments, 30 capacitors were used, and the
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average of 30 pieées is shown in Table 1. I_n the samples of
embodiments 1 to 3, the'solid electrolytic capacitors were
completely dissolved, and the deposit amount of manganese

) dioxide was measured by atomic absorpfion method.

Table 1
. Leak Deposit amount
Capacitance tan & Impedance t of manganese
(uF) (%) (mQ) ’ dioxide
{na) 2
(ng/mm®)
Embodiment 1 10.35 0.9 48 25 ©11.7.
Embodiment 2 11.05 0.8 a5 | 28 14
Embodiment 3 8.63 1.7 102 30 21.5
Embodiment 4 10.42 0.9 53 236 -
Embodiment 5 7.54 2.3 113 - 60 ' -
Embodiment 6 9.20 1.8 107 32 -
Embodiment 7 9.21 1.2 80 354 -
Embodiment 8 9.59 1.1 7. 267 -
Embodiment 9 8.59 1.1 95 53 -
Embodiment 10 8.27 0.8 88" 42 : -

As clear from Table 1, in the solid electrolytic capacitofs
manufactured byl'the manufacturing methods of embodiments 1 and
2, without damaging the dielectric oxide 'layer of the anode
electrode having fine pores, the manganese dioxide_ layer was
formed uniformly on the entire surface off the second undulated
sux_‘f_ace inclqding the fipe pores and éxposed portions of the
dielectric oxide layer. Accordingly, the conductive. high
polymer ‘layer in the éubsequgn‘t step of electrolytic
polymerization was securely formed on the entire surface of the

inner surfaces of fine pores and exposed portion surfaces of
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the third undulated .surface. All . characterietics of
capacitance, tan &, impedance and leak current setisfied the
desired values. By contrast, as shown in embodiments 3 to 10,
the capacitors manufactured in 'the. methode of | high
concentration condition of aqueous solution of manganese
. nitrate, _high temperature condition, short inﬁnersion time
condition, condition without removal of excessive adhered‘
portion, insufficient condition of humidity in pyrolysis
process, long heafing time condition to pyrolysis temperature,
or low pyrolysis 'tempereture condition were inferior in some
of the characteristics of capacitance, tan 0, impedance and leak

current as compared with the capacitors manufactured in the

conditions of embodiments 1 and 2.

Thus, according to the method of the invention, without
. damaging the dielectric oxide layer of the anode electrode
having the undulated | surface of fine pores and the like, 'a
manganese dioxide layer continuous to the undulated surface can
be formed on the entire surface of undulated surface inoloding
the inner surface of fine pores and exposed portion surfaces.
Gaps in the undulated surface are decreased significantly.
Acoord:.ngly, the conductive high polymer layer by electrolytic
polymerlzation can be formed securely on the entire surface from
the inner surfaces of fine pores to the outer surfaces.

Therefore, the solid electrolytic capacitor having excellent
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characteristiés in all . characteristics including capacitance,

impedance and leak current can be obtained.
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WHAT IS CLAIMED IS:

1. A solid electrolytic capacitor_comprising:

_ " (a) an anode electrode having a first. undulated Surface',
| ' (b) a die'lec-tric_ oxide- layer placed on a first 'undulated
surface.of_caid'anode electrode,

- said dielectric oxide layer havin_cj a second undulated
surface placed continuously coinciding with the Shape
of said firsf undulated surface,

(c)' a manganese dioxide layer placed on -said second
undulated surface of said dielectric .oxide layer,
said manganese dioxide layer having a third
undulated surface placed continuously coinciding with
the shape of said second undulated surface, on said
second undulated surface of said dielectric oxide

layer .

'(d) a conductive high ;;olymer layer placed on said third
undulated surface of said manganese dioxide layer, ' .

said conductive high polymer 1ayer placed on said third

undulated surface of said manganese dioxide layer and

(e) a cathode layer placed above said conductive high

polymer layer.

2. The solid e_le.c"t'rolﬁrtic capacitor of claim 1, wherein

said first undulated surface has a éurface with a plurality of

A R
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fine pores and exposed portions.

3. The solid electrolytic capacitor of claim 1, wherein
said anode electrode having said first undulated surface has

a porous sinter of valve metal.

4. The solid eléctro_lyti'c capacitor of claim 1, wherein

said anode electrode having said first undulated surface has

a roughened metal foil.

5. ‘The solid electrolytic capaci'lfor of claim 1, wherein

- said conductive high 'p'olymer layer has a conductive high pdlymer

‘layer formed by electrolytic polymerization.

6. .The sblid electrolytic capacitoi‘ of claim 1,
wherein said first undulated surface has first fine pores
and first exposed portions,
said second undulated surface has second fine pores and
second exposed portions, and
.said manganese dioxide layer is placed on an entire surface
of a surface of said second lfine pores of said dielectric oxide

laYei' and a surface of said second exposed portions thereof.

7. The solid electrolytic capacitor of claim 1,

wherein said anode electrode having said first undulated
I
) O R
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surface has at leasf one of porous.sinter of valve rﬁetal'end.
roughened metal foil,
said eonducfive 'hj_.gh po,lymei: iayer has a conductive high
polymer layer formed by-elec-:trolytic polymeriiation, end
said-l.nan'gal_'lese dioxide. layer is bla‘ced on the entire

-surface of said dielectric oxide layer.

8. The solid electrolytic capacitor of claim 1, wherein
said manganese dioxide layer is placed in a range of about 5

ng to aboﬁt 15 ng in 1 mm® of said dielectric oxide layer.

9. The solid electrolytic capacitor of .claim 1, wherein
said manganese dioxide layer is a layer formed by pyrolysis of
aqueous solution of manganese sulfate in a concentration range

of about 6.5 wt.% to 26.5wt.%. .

10. The solid electrolytic capacitor of claim 1, wherein
said manganese dioxide layer is placed in contact with the

entire surface of the concave and convex portions of said second

undulated surface.

11. The solid electrolytic capacitor of claim 1, wherein
said conductive high polymer layer is placed in contact .with

the entire surface of the concave and convex portions of said

third undulated surface. -
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12. A manufacturing method of solid electrolytic
capaéitor comprising the éteps of: |

(a) supplying -an anode electrode having a first undulated
surface, | | | .

(b) forming a die_lectric oxide lafer on _said first undulated
surface, said dielectric oxide layer having a sécond undulated
surface coj_.nciding with said first undulated surf‘ace,

(¢) forming a manganese .dioxide layer on said second
undulated surface, said manganése dioxide lajrer having a third
ﬁndulated surface placed continuously céinciding with the shape
of said second undulated surface, on said second undulated
surface,

(d) foming a conductive high polymer layer on said third

undulated surface,. said conductive high polymer layer foi‘me_d
on said third undulated surface of said manganese dioxide layer,

and

(e) forming a cathode layer above said conductive high

polymer layer.

13. The manufacturing method of solid électrolytic
capacitor of claim 12, wherein said first undulated surface has

a plurality of fine pores.

14. The manufacturing method of solid electrolytic
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capacitor Of. claim 12 .'Wherein said anode él‘ectr_ode _having said -

first undulated surface has a porous sinter of valve metal.

15. The manufacturing method of solid electrolytic
capacitor of claim 12, wherein said anode electrode having said

first undulated surface haé a roughened metal foil.

16. The manufacturing method of solid electrolytic
capacitor of claim 12, wherein said step of forming the

dielectric oxide_ layer ié a step of forming an oxide layer by

forming treai:ment .

17. - The manufacturing method of solid electrélytic

capacitor of claim 12,
wherein said step of forming the manganese dioxide includes

a step 0f adhering an aqueous solution of manganese nitrate

on said second undulated surface of sai'd dielectric oxide layer,

and

. a step of forming said manganese dioxide layer by pyrolytic

treatment of said aqueous solution of manganese nitrate.

18. The manufacturing method of solid electrolytic

capacitor of claim 12,

wherein said step of forming the manganese dioxide includes

a step of impregnating said anode electrode having said
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dielectric oxide layer in an aqueous solution of manganese
nifrate ina qoncentration range of about 6.5 wt.% to 26.5wt.%,
a step of taking oﬁt said anode.électrode from'said.aqueous
solution of manganeSe,nitrate; and
a step of treating said@ aqueous solution of manganese

nitrate adhered to said anode electrode by pyrolysis.

19. The manufacturing method iof solid electfolytic
capacitor of claim 12, - .. |

wherein said step of forming the cénductive high polymer
layer includes a step of forming said conductive high pélymer
on séid third undulated surface by passing current in said
manganese diogide layer while placing said anode electrode

having said manganese dioxide layer in a solution containing

monomer.

20. The manufacturing methéd of solid electrolytic-
'.capacitor of claim 12, | | .

wherein said anode electrode having said first undulated.
surface at least one of porous sinter of valve metal and
roughened metal foil,

said step of'forming the.dielectric oxide layer includes
a step of forming an oxide film by forming treatment,

said.s;ep of formihg the manganese dioxide includes a Step

of impregnating said anode electrode having said dielectric
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6xide layer in an agqueous soiution of manganese nifrate in a
concentration range of about 6.5 wt;% to 26.5wt.%, and adhering |
the aqueous solution of manganese nitrate to .said secdnd
'undulat.ed surface of said dialectic oxide layer, and a step of
treating said aqueous solution of manganese nitrate adhered to
said anode electrod_e Bylpyro.lysis, and

said step of forming said éor;ductive high polymer layer
includes a step of for_ming said condﬁctive high polymer on said
third undulated sui‘face by passing current in said manganese
dioxide layer while placing_ sai_d anode electrode having said

manganese dioxide layer in a solution containing monomer.

21. The manufacturing method of solid electrolytic

capacitor of claim' 12, wherein said step of forming the

manganese dioxide layer includes a step of iinpregnating said

' anode electrode having said dielectric oxide layer in an agqueous

solution of manganese nitrate in a temperature range of about

10°C to about 40°C.

22, The manufacturing method of so0lid electrolytic

capacitor of claim 12,

wherein said first undulated surface of said anode électrode'

has first fine pores,

said second undulated surface of said dielectric oxide layer

has second fine pores coinciding with the shape of said first

T
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fine pores, and
said step of forming the manganese dioxide layer includes
a étep of impregnating said anode electrode in an aqueous

solution of manganese’ nitrafe_ untii said aqueous solution of

_ mariganese nitrate permeates into the inner surface of said

second fine pores.

23. The manufacturing method of solid _electrolytic

capécitor of claim 12,

wherein said step of forming the manganese dioxide l'aye:r:

includes |
a step of adhering an aqueous solution of manganese nitrate
on said second undulated surface of said dielectric oxide layer,

a step of removing excess portion of said aqueous solution

~of manganese nitrate adhered on said anode electrodé, and

a step of treating said aqueoﬁs solution of manganese

nitrate by pyrolysis.

24. The manufacturing method of solid electrolytic

capacitor of claim 12,
- wherein said step of forming the manganese dioxide layer

includes

a step of adhering an aquéous solution of manga:iese nitrate

on said second undulated surface of said dielectric oxide layer,

and
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a step of treating said aqueous solution of manganese
nitrate adhered on said second undulated surface by pyrolysis

in a moist atmosphere.

25. The manufacturing method of solid electrolytic

- capacitor of claim 12,

wherein said step of forming the manganese dioxide layer
includes
a step of adhering an aqueous solution of manganese nitrate

on said second undulated surface of said dielectric oxide layer,

-

and a

step of treating said aqueous solution of fnanganese nitrate
adhered on said second undulated sﬁrface by pyrolysis in an

atmosphere containing steam by 85x10 vol.%.

26. The manufacturing method of solid electrolytic
. capacitor of claim 12,

wherein éaid step of forming the manganese dioxide layer

:_l.ncludes

a- step of immersing said anode elgctrode having said

dielectric oxide layer in an agqueous solution of manganese

nitrate R

a step of t_faking out said anode electrode from said agueous
solution of manganese- nitrate, and adhering said aqueous

solution of manganese nitrate to said second undulated surface

R
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of said dielectric oxide layer, and

a step of heating said anode electrode having said aqueous

.solution of. manganese nitrate up. to pyrolysis treatment

temperature within a minute, and holding said pyrolysis

treatment temperature for three minutes or more.

27. The manufacturing method of solid electrolytic

capacitor of claim 26, wherein said pyrolysis treatment

' temperature is 300£10°C.

28. The manufacturing method of solid electrolytic
capacitor of claim 12, wherein said step (¢) includes a stép
of formin_g a manganese dioxide layer in contact with the entire

surface of concave and convex portions of said second undulated

surface.

29. The manufacturing method of solid electrolytic
capacitor of claim 12, wherein said step (d) includes a s_tep'.
of forming a conductive high polymer layer in contact with the .

entire surface of concave and convex portions of said second

undulated surface.

-

A

- 32 -




