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SOLID ELECTROLYTIC CAPACITOR 

AND METHOD OF MANUFACTURING THE SAME 

TECHNICAL·FIELD OF THE INVENTION 

The present invention relates to a solid electrolytic 

capacitor using a conductive high polymer in the electrolyte 

used in various electronic appliances, and a metho·d of 

manufacturing the same. 

BACKGROUND OF THE INVENTION 

OWing to 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 produced. 

Hitherto, a solid electrolytic capacitor of this kind 

comprises, as disclosed in Japanese Laid-open Patent No. 

63-158829, an anode electrode made of a valve metal having a 

dielectric oxide layer,_ the dielectric oxide layer formed on 

this anode electrode, a conductive high polymer layer formed 

by pyrolysis of manganese dioxide layer on this dielectric oxide 
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layer, and a cathode electrode placed on this conductive high 

polymer layer. The conductive high polymer layer is formed by 

electrolytic p~ocess in an electrolytic polymerization 

solution using manganese dioxide layer as the anode. 

Formation of conductive high polymer layer by this 

electrolytic polymerization is quick in forming a conductive 

high polymer layer as compared wi tb chemical polymerization o:i: 

vapQr phase polymerization, and it requires a relatively simple 

.. 

equipment, and hence it is said to be beneficial for industrial 

production. 

In the prior art, however, the - forming con di ti on of 

manganese dioxide layer has great effects on the principal 

characteristics of the solid electrolytic capacitor such as 

capacitance, tan 6 and impedance. 

That is, when 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 

exi>anded surf ace area of fine pores or the like. ·The dielectric 

oxid~ layer formed on the surf ace of the anode electrode having 

fine pores has multiple fine pores and exposed portions reaching 

the 1nner depth. In the prior art, the manganese dioxide layer 
. . . 

formed on this dielectric oxide layer is formed only on the 

exposed portions, and not formed in the inner parts of the fine 

pores. _The conductive high polymer layer is formed only on this 
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manganese dioxide layer. That is, in such conventional s.olid 

electrolytic capacitor, it was possible to have a cavity in 

the inside. In such conventional constitution. when the anode. 

electrode has an expanded undulated surf ace. sufficient 

capacitance and sufficient impedance corresponding to the 

expanded undulated surface could not be obtained. Thus, there 

were serious problems also in the constitution of using 

conductive high polymer as the electrolyte. 

It is hence an object of the invention to present a solid 

electrolytic capacitor eXhibiting a desired effect 

sufficiently, in the solid electrolytic ca~acitor using an 

anode electrode having an undulated surface and a conductive 

· high polymer as electrolyte, a~d 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~ric o~ide layer placed on a first undulated 

surface of the anode electrode, in which the dielectric 

oxide layer includes a second undulated surface placed 

continuously coinciding with the shape of the first undulated 

surface, 

( c) a manganese dioxide layer placed on the second undulated 
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surf ace of the dielectric oxide layer, in which the manganese 

dioxide layer includes a continuous th:Lrd undulated surface, 

placed coinciding with the shape of the second undula te.d surf ace, 

on the second undulated surf ace of the dielectric ox:f:de layer, 

(d) a conductive high polymer layer placed on the third 

undulated sur;face of the· manganese dioxide layer, in which the 

conductive high polymer layer is placed on the third 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 surface, 

(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 coinciding w.i th the first 

undulated surface, 

( c) a step of forming a manganese d.ioxide layer on the second 

undulated surface, .in which the manganese dioxide layer 

.includes a continuous third undulated surface, placed 

coinciding with .the shape of the second undulated surface, on 

the second undulated· surface, 

(d) a step of forming. a conduct.ive h.igh polymer layer on 
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the third undulated surf ace, in which the conductive-

high polymer layer is formed on the third undulated surf ace 

of the mCl:nganese dioxide layer, and 

(e) a step _of forming a cathode layer above. the conductive 

.high polymer layer. 

Preferably, the manganese dioxide layer is placed in 

contact with the entire surface of concave and convex portions 

of the second undulated surface. 

Pref er ably, 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 surface has a surface with 

a plurality of fine pores and exposed portions. 

·Preferably, the anode electrode having the first undulated 

surface has a poroue.; sinter of valve metal or a roughened metal 

·.foil. 

Preferably, the conductive high polymer layer has a 

conductive high polymer layer formed by electrolytic 

polymerization. 

Preferably, it also includes a step of impregnating the 

manganese dioxide layer sufficiently in a 6. 5 wt.% to 26. 5 wt.% 

aqueous ·solution of m~nganese 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 surf ace and a step of heating to more than 80% 
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of pyrolysis temperature within a minute and performing 

pyrolysis for three minutes or mo·re at 300±10°C. 

· In this constitution and manufacturing method, a manganese 

dioxide layer can be formed on the entire surface of the 

undulated surface of the oxide film wi.thout damaging the 

dielectric oxide film 0£ the anode electrode hav:i-ng fine pores 

or undulated surf ace. Accordingly, the conductive high 

polymer layer by electrolytic polymerization is formed securely 

from the inner surface 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 

electrolytic capacitor in an embodiment of the invention. · 

Fig. 2 is a sectional view showing principal parts of a solid 

electrolytic capacitor in a comparative example of the 

invention. 

Fig. 3 is a sectional view showing principal parts of a solid 

electrolytic capacitor 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. 
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Reference Numerals 

1 Aluminum metal foil 

2 Undulated surface 

2a Fine pore 

2b Expose4 portion 

3 Dielectric oxide· film 

4 Manganese dioxide layer 

5 Conductive high polymer layer 

6 Cathode layer 

DETAILED DESCRIPTION OF THE INVENTION-

A solid electrolytic capacitor in an embodiment of the 

invention comprises 

an anode electrode having a first undulated surface of 

porous sinter of valve metal or roughened-metal foil, 

a dielectric oxide layer having a second undulated surface 
. . 

placed on the first undulated surface of the anode electrode, 

a manganese dioxide layer having a third undulated surface 

placed on the second undulated surface of the dielectric oxide 

lay~i, 

a conductive high polymer layer formed by electrolytic 

polymerization in contact with the third undulated surface of 

the manganese dioxide_ layer, and 

a cathode electrode placed on this conductive high polY.Mer 

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

The first undulated surf ace of the anode electrode has a 

widened surface having fine pores and exposed portions . The 

·dielectric oxide film also ha~ the second undu~ated surface 

placed on the first undulated surface without gap. The 

manganese dioxide layer 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 

undulated surface without gap. In this constitution, the all 

surface region including the fine pores of the expanded first 
. . 

undulated surface of the anode electrode acts effectively for 

the· capacitor characteristics, and, as a result, the solid 

electrolytic capacitor having the characteristics exactly as 

designed, such as the capacitance, impedance and leak current, 

will be obtained. ' 

Preferably, the manganese dioxide layer is contained by 5 

to 15 ng per unit surface area 1 nun2 of the dielectric layer. 

Herein, "ng• stands for nanogram, and 1 ng is equal. to io-9 g. 

If the content of the manganese dioxide layer is smal.l. than this 

ran:ge, the manganese dioxide layer may not be formed ·in the 

entire surface. If the content of the manganese dioxide layer 

is more than this range, the manganese dioxide layer may be 

formed excessive~y 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 mm2 of the (iielectric 
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layer, the <?apaci t_or having the characteristics exactly as 

designed will be realized. 
. . 

. Preferably, the manganese dioxide layer is formed by 

pyroly~is of aqueous solution of manganese nitrate at 

concentration of 6.5 to 26.5 wt.%. In this ·range of 

concentration, the aqu"eous solution of· Jnanganese nitrate 

permeates deeply into the fine pores, and the manganese dioxide 

layer is formed on the entire surface of the dielectric oxide 

layer. 

A manuf act.uring method of solid electrolytic capacitor in 

the embodiment of the invention includes: 

a step of su,pplying an anode electrode having a first 

undulated surface of a porous sinter of valve metal or roughened 

metal foil, 

a step of f orniing a dielectric oxide layer having a second 

undulated surface of a continuous shape coinciding with the 

shape of the first undulated surface, on the.first undulated 

surface, by forming treatment of the anode electrode having the 

firs~ undulated surface, . 

a step of forming a manganese dioxide layer ~aving a third 

undulated surface of a continuous shape on·the second undulated 

surf ace of the dielectric oxide layer by pyrolysis treatment, 

by impregnating the formed dielectric oxide. layer in an aqueous 

solution of manganese nitrate at concentration of 6.5 to 26.5 
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wt.%, 

a step of forming a conductive high polymer lay~r on the 

third undulated surface of the manganese· dioxide layer by 

passing current in the manganese· .. dioxide layer in an 

electrolytic polymerization solution, and 

a step of forming a c;:athode ·electrode on the conductive high 

polymer lay~r. 

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 c_haracteristics, 

and, as a result, the s_olid electrolytic capacitor having the 

characteristiqs exactly as designed, such as the capacitance, 

impedance and leak current, will be obtained. Moreover, the 

cond:uctive high polymer layer corresponding to the entire 

surf-ace including the fine pores of the anode electrode can be 

· formed .. As a result, the solid electrolytic capacitor having 

excellent characteristics will be obtained. 

Pref er ably, the aqueous solution of manganese nitrate 

permeates into the anode electrode in a temperature range of 

10 to. 40°C. In this range, the aqueous solution of manganese 

nitrate permeates in a short time, and breakage of the 

dielectric o~ide layer is prevented. 

Pref er ably, 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 formed on the. entire surf ace of the 

anode electrode.· 

· Preferably, after impregnation of the aqueous solution of 

manganese nitrate i.nto the anode electrode, the ex".es s portion 

of the aqueous· sol:-ution· of manganese nitrate adher_ed to the 

surface of the anode electrode is removed. By this method, 

plugging of the openings of the fine pores is ·prevented when 

forming the manganese dioxide layer. 

··, 

Preferably, the pyrolysis treatment is p~rformed 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 is performed in a state 

of high humidity with the steam ~ontent of 85±10 vol.%. By this 

method, a dense manganese dioxide layer is formed. As a result, 

the capacitor characteristics are enhanced. 

Preferably, in the pyrolysis treatment, by heating up to 

80% of the pyrolysis temperature in a minute, the pyrolysis 

temperature i.s held for at least three minutes. By this method, 

the dense manganese dioxide layer is formed securely into the 

inner parts of the fine pores. 

Preferably, the pyrolysis temperature of the pyrolysis 

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

dioxide layer is formed securely. 
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c. 

A specific embodiment of the invention is described below 

while referring to the drawings. 

The constitution of the solid electrolytic capacitor in the 

embodiment of the invention .is· described while ref erring to Fig. 

1 to Fig. 4. As an embodiment of the anode electrode, a solid 
. . 

electrolytic capacitor. using ~n aluminum metal foil roughened 

by etching is explained below. 

Fig. 1 is a magnified secti.onal view of principal parts. of 

the solid electrolytic capacitor in the embodiment of the 

invention. In Fig. 1, an aluminum metal foil 1 as an anode 

electrode includes a first undulated surf ace 2 having multiple 

fine pores 2a and exposed portions 2b formed by etching. A 

dielectric oxide layer 3 formed by forming treatment is placed 

on the entire surf ace of the first undulated surf ace 2 of the 

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

· second undulated surface coinciding with the shape of the first 

undulated surf ace. A thin manganese dioxide layer 4 is formed 

on the entire surface of the second Undulated surface of the 

dielectric oxide layer 3 · {that is, the entire surface including 

the dielectric oxide layer 3 formed in the fine pores 2a) . The 

manganese dioxide layer . has a third undulated surf ace 

coinciding with the shape of the second undulated surf ace. The 

manganese dioxide layer has a manganese dioxide layer of a 

continuous shape, formed on the second undulated surface. A 

conductive high polyme1". layer 5 of polypyi::role, polythiophene, 
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or polyaniline is formed on the third undulated surface of the 

. manganese dioxide layer 4 by electrolytic polymerizatioi:i method 

or the like. Further, a cathode electrode 6 of carbon paste 

layer or silver paste layer is placed on this con.ducti ve ~igh 

polymer layer 5. 

Pref er ably, the manganese dioxide layer is uniformly placed 
. . 

on the entire surf ace of concave and convex portions of the 

second undulated su.rface, and more preferably placed in contact 

without gap. 

The conductive high polymer layer is uniformly placed on 

the entire surfa,ce of concave and convex portions of the ·third 

undulated surface, and more preferably placed in contact 

without gap. 

The manganese dioxide layer 4 of the embodiment is formed 

by a weight of 5 to 15 ng per unit surface area 1 mm2 of the 

·.··dielectric oxide layer 3. If the weight of the manganese 

dioxide layer 4 is less than 5 ng/l mm2
, as shown in Fig. 2, 

the manganese dioxide layer 4 may not be formed uniformly on 

the entire surface of the seconµ undulated surf ace of the 

dielectric oxide layer 3. and, for example, the manganese 

dioxide layer 4 may be formed in· an insular shape 4a. 

Accordingly, there is a portion Sa not forming the conductive 

high polymer layer 5, and the desired capacitance or impedance 

may not be obtained. 

Or if the we~ght of the manganese dioxide layer 4 is more 
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than 15 ng/l nun2 , as shown in Fig. 3, plugging portions 4b may 

be formed in the manganese dioxide layer 4 to plug the openings 

of· the fine pores 2. As a r~sul t, there are gaps Sc not forming 

the conductive high polymer layer 5, and the desired 

characteristics may not be obtained. 

Therefore, as the· condition of forming the manganese 

dioxide layer ·4 completely · also on the surf ace of the 

dielectric· oxide layer 3 positioned inside of the fine pores 

2a, what is important is the concentration of aqueous solution 

of manganese nitrate for forming the manganese dioxide layer 

4 ~ The concentration of aqueous solution of manganese nitrate 

is preferred to be in a range of about 6. 5 to about 26. 5 wt.%. 

When the concentration of aqueous solution of manganese nitrate 

is less than about 6. 5 wt.%, the manganese dioxide layer 4 cannot 

be formed on the su:i;:-f ace of the dielectric oxide layer 3 ' . . . 

uniformly by a small ~umber of times of pyrolysis treatment. 

When the concentration of aqueous solution of manganese nitrate 

is more than about 26.5 wt.%, the viscosity of the aqueous 

solution of manganese nitrate is too high, and the.aqueous 

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 surface of the dielectric oxide 

layer· 3. That is, in order to form the manganese dioxide layer 

4 uniformly on the surf ace of the dielectric oxide layer 3, it 

is prefer+ed to use the aqueous solution of manganese nitrate 
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at a 9oncentration in a range of about 6.5 wt.% to 26.5 wt.%. 

In the step of forming the manganese dioxide layer, it is 

preferred to treat the aqueous solution of manganese nitrate 

adhered to t~e surf ace of the dielectric ~xi.de layer by 

pyrolysis in an atmosphere of high humidity, or an atmosphere 

containing 85:t10 vol.% of steam. If having the m~ganese 

dioxide layer formed at humidity out of this hum~dity range, 

the characteristics of the solid electrolytic capacitor are 

slight~y inferior. 

-Typical embodiments are described below, but it must be 

noted that the invention is not limited to these embodiments 

alone. 

Embodiment 1 

The process of manufacturing method of the solid 

electrolytic capacitor in the embodiment of the invention is 

shown in Fig. 4. A roughened alumi.num metal foil is prepared. 

The aluminum metal foil has an-undulated surface 2 having 

multiple fine pores 2a and exposed portions 2b formed by etching 

process so that the surface area may be about 125 times. That 

is, the aluminum met.al foil has a roughened surf ace. In part 

of the surf ace of the 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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having an effective area of 3. 2 mm x 3. 9 mm was fabricated. This 

anode electrode .1 was immersed in an aqueous solution of 

ammonium di}l.ydrogenphosphate at concentration of O. 3 wt .. % at 

liquid temperature of. 70°C, and a direct-current _voltage of 12 

v was_ applied for 20 minutes. Thus, a dielectric oxide layer 

3 was fo~ed on the surface of the aluminum metal foil. 

Iri succession, 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 aqueous solution. 

·.,I 

-Then, the excess portion of the aque·ous 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 lifti~g the anode electrode 1 

adhered with the aqueous solution of manganese nitrate on the 

surf ace of the . d:f..electric oxide layer 3 from the aqueous 

solution, it was heated to over 250°C, and treated by pyrolysis 

at 300°C for five minutes. Thus, the manganese dioxide layer 

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 aqueous solution of ammonium 

dihydrogenphosphate at concentration of 0.3 wt.% at liquid 

temperature of 10°c·, and a direct-current voltage of 10 V was 
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applied for 10 minutes. Thus, the anode electrode having the 

manganese dioxide layer 4 ·was re-formed.· On the manganese 

dioxide layer, a conductive high polymer layer 5 made. of 

polypyrrole film was formed by elect~olytic· polymerization 

method. On the conductive high polymer layer 5, further, carbon 

paste and si.lver· paste were appli.ed sequentially, and a cathode 

electrode 6 was f o:i:'rned. Terminals were placed 1n the device 

having thus formed anode electrode l, dielectric oxi.de layer 

3, manganese di.oxide layer 4, and conductive high polymer layer 

5. By· resin mold~ng of the outer surface of the devi.ce, the 

casing was formed.· Thus, the solid electrolyti.c capacitor was 

manufactured. 

Embodiment 2 

In the for~going embodiment l, an aqueous solution of 

manganese nitrate having a .concentration of 25 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 concentration of 35 wt.% was used. 

A solid electrolytic capacitor was _prepared in the same manner 

as in embodiment 1 except for this method. 
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Embodiment 4 

The temperature of the aqueous .solution of manganese 

nitrate is 50°C. A solid electrolyti~ capacitor was prepared 

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

Embodiment 5 · 

In the foregoing embodiment l, the time of immersing the 

anode electrode in the aqueous so~ution of manganese nitrate 

was O. 5 sec. A solid electrolytic capacitor was prepared in 

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

Embodiment 6 

In the foregoing embodiment 1, the excess aqueous solution 

of manganese nitrate was pyrolyzed without blowing away. A 

. solid electrolytic capacitor was prepared in the same manner 

as in embodiment 1 except for this method. 

Embodiment 7 

In the fore going embodiment l, the ·pyrolysis was performed 

without applying humidity in the process of pyrolysis. A solid 

electrolytic capaci~or 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 

- 18 -

.., 



·. process was adjusted to 50% RH. A solid electrolytic capa.ci tor 

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

this method. 

Embodiment 9 

·In the foregoing ·embodiment l, the time required for 

heating up to 250°C was more than three minutes after lifting 

the anode" electrode from the aqueous solution I and the holding 

time at 300°C was one minute. A solid electrolytic capacitor 

:··, 

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

this method. 

Embodiment 10 

In the foregoing embodiment l, the pyrolysis temperature 

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

same manner as in embodiment 1 except for this method. 

Us;lng various solid electrolytic capacitors fabricated in 

these manners, initial characteristics were measured. Results 

are: summarized in Table 1. · The measuring temperature_ was 25 

to 30°C. The capacitance and tan 6 was measured at 120 Hz, and 

the impedance was measured at 400 kHz. To measure the leak 
. . 

current, after applying 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 pieces is shown in Table l." In the samples of 

embodim~nts 1 to 3, the solid electrolytic ·capacitors were 

completely dissolved, and the deposit amount of manga1_1ese 

dioxide was measured by atomic ~bsorption method. 

Table 1 

Leak 
Deposit amount 

Capacitance tan 6 Impedance current of manganese 
(µF) (i) (l!IO) 

(DA) dioxide 
( ng /IP1112) 

Embodiment l 10.35 0.9 48 25 . 11.7. 

Embodiment 2 11.05 0.8 45 28 14.l 

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 74. 267 -
Embodiment 9 8.59 1.1 95 53 -
Embodiment 10 8.27 0.8 88. 42 -

As clear from Table l, in the solid electrolytic capac:i tors 

manufactured by the manufacturing methods of embodiments 1 and 

2, without damaging the dielectr:ic oxide layer of the anode 

electrode having fine pores, the manganese d:ioxide layer was 

fo~ed uniformly on the entire surface off the second undulated 

sur~ace including the fine pores and exposed portions of the . . 

dielectric oxide layer. Accord:ingly, ·the conductive high 

po1ymer 1ayer in t~e subsequ~nt step of electro1ytic 

pol~erization was secure1y formed on the entire surface of the 

inner surfaces of f:ine pores· and exposed port:ion surfaces of 
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the third undulated .surface. All characteristics of 

capacitance, tan b, impedance and leak current satisfied the 

desired valoqes. By contrast, as shown in embodiments 3 to 10, 

the capacitors manufactured in the methods of high 

concentration cond.i tion of aqueous solution of manganese 

. nitra~e. high temperature condition, short immersion time 

condition, condition without removal of excessive adhered 

portion, insufficient condition of humidity in pyrolysis 

process, long heating time condition to pyrolysis temperature, 

or low~yrolysis·temperature condition w~re inferior in some 

of the characteristics of capacitance, tan b, impe.dance 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 surf ace can 

be formed on the enti.re surface of undulated surface including 

th~ ianer surface of fine pores and exposed.portion surfaces. 

Gaps in the undulated surface are decreased significantly. 

Accordingly, the conductive high polymer layer by electrolytic 

polymerization can be formed securely on the entire surf ace from 

the inner surfaces of fine pores to the outer surf aces. 

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

impedan.ce and leak cw::rent 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 sur~ace, 

(b.) a dielectric oxide layer placed on a first undulated 

surface of said.anode electrode, 

said diel·ectric oxide layer having a second undulated 

surface placed continuously coinciding ~i th the shape 

of said first 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 surf ace of said dielectric oxide 

layer, 

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

undulated surface of said manganese dioxide layer, 

said conductive high polymer layer 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 electrolytic capacitor of claim 1, wherein 
. 

said first undulated surface has a sur~ace with a plurality of 

11111111111111 11111 1111111 1111 
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fine pores a~d exposed portions. 

3. The solid electrolytic capacitor of claim 1, wherein 

said anode electrode having said first undul~ted surf ace has 

a porous sinter of valve metal. 

4. The solid electrolytic capacitor of claim 1, wherein 

sa~d anode electrode having said first undulated surf ace has 

a .roughened metal foil. 

-5. The solid electrolytic capacitor of claim l, wherein 

said conductive high polymer layer has a conduc.tive high polymer 

layer formed by electrolytic polymerization. 

6 . . The solid electrolytic capacitor of claim l, · 

wherein said first undulated surf ace has first fine pores 

and first exposed portions, 

said.second undulated-surface has second fine pores and 

second exposed portions, and 

sai.d manganese dioxide layer is pl.aced on an entire surface 

of -a surface of said second fine pores of said dielectric oxide 

layer and a surface of said second exposed portions thereof. 

7. The solid el.ectrolytic capacitor of claim 1, 

wherein said anode electrode having said first undulated 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* C L M S * 
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surface has at least one of porous.sinter of valve metal and 

roughened metal foil, 

said conductive high po.;Lymer layer has a conductive high 

polymer layer formed by electrolytic polymerization, and 

said·manganese dioxide layer is placed on the entire 

surface of said dielectric oxide layer. 

8 . The solid electrolytic capacitor of claim l, wher~in 

said manganese dioxide layer is placed in a range of about s 
ng t~ about 15 ng in 1 mm2 of said dielectric oxide layer. 

9 . The solid electrolytic capacitor of claim l, wherein 

said manganese dioxide layer is a layer formed by pyrolysi.s of 

aqueous solution of manganese sulfate in a concentration range 

of about 6.5 wt.% to 26.Swt.%. 

lo. The solid electrolyti.c capacitor of claim l, wherein 

said manganese dioxide layer is placed ~n contact with the 

entire surf ace of the concave and convex portions of sai.d second 

undul:ated surface. 

11. The solid electrolytic capacitor of claim l, 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 

capacitor comprising the steps of: 

(a) supplying.an anode electrode having a first undulated 

surface, 

(b) forming a dielectric oxide layer on said first undulated 

surface, said dielectric oxide layer having a second undulated 

surface coinciding with said first undulated surface, 

(c) forming a· manganese dioxide layer on said second 

undulat~d surf ace, 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, 

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

undulated surface, said conductive high polymer layer formed 

on said third undulat~d surface of said manganese dioxide.layer, 

and 

(e) forming a· cathode layer above said conductive high 

polymer layer. 

13. The manufacturing method of solid electrolytic 

capacitor of claim 12, wherein said fi.rst 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 electrode having sai(l. 

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 surfac~ has a roughened metal foil. 

16. The manufacturing method of solid electrolytic 

capacitor of claim 12, wherein said step of forming the 

dielectric oxide layer is a step of forming an oxide layer by 

forming treatment. 

1 7 . The manufacturing method of solid electrolytic 

capacitor of claim 12, 

wherein said step of forming the manganese dioxide includes 

a step of adhering an aqueous solution of manganese nitrate 

on said second undulated surf ace of said dielectric oxide layer, 

and 

a step of forming sa:id manganese d:ioxide layer by pyrolytic 

treatment of said aqueous solution of manganese nitrate. 

18. The manufacturing method of solid electrolytic 

capacitor of claim 12, 

wherein sa:id step of forming the manganese dioxide includes 

a step of impregnat:ing sa:id anode electrode having sa:id 
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dielectric oxide layer in an aqueous solution of manganese 

nitrate in a concentration range of about 6. 5 wt.% to 26. Swt. % , 

a step of taking out said anode .electrode from said aqueous 

solution of manganese .nitrate, and 

a step of treating said aqueous solution of manganese 

nitrate adher~d to sa~d anode electrode by pyrolysis. 

19. The manufacturing method of solid electrolytic 

capacitor of claim l2 , · 

whe~ein said step of forming the conductive high polymer 
-layer includes a step of formi.ng sai.d conducti.ve high polymer 

on said thi.rd undulated surf ace by passi.ng current in said 

manganese dioxide layer whi.le placing sai.d anode electrode 

having said manganese dioxide layer in a solution containing 

monomer. 

20. The manufacturing method of solid electrolytic 

capacitor of. cla~ 12, 

wherein said anode electrode having said first undulated 

surface at least one of porous sinter of valve metal arid 

roughened metal foil, 

said step of forming the dielectric oxide layer includes 

a step of forming an oxide film by forming treatment, 

said s_tep of forming the manganese dioxide includes· a step 

of impregnating said anode electrode having said dielectric 
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oxide layer in an aqueous solution of manganese nitrate in a 

concentration range of about 6. 5 wt.% to 26. 5wt. % , and adhering 

the aqueous solu~ion of manganese nitrate to . said second 

undulated surface of said dialectic oxide layer, and a step of 

treating said aqueou·s solution of manganese nitrate adhered to 

said anode electrode by pyrolysis, and 

said step of forming said conductive high polymer layer 

includes a.step of forming said conductive high polymer on said 

third undulated surface by passing current in said manganese 

dioxide layer while placing said anode electrode having said 

manganese dioxide layer in a solution containing monomer. 

21. The manufac1=uring method of solid electrolytic 

capacitor of claim 12, wherein said step of forming the 

manganese dioxide layer includes a step of impregnating said 

anode electrode havi.ng said di.electri.c oxi.de layer in an aqueous 

soluti.on of manganese nitrate i.n a temperature range of about 

io 0 c to about 40°C. 

22. The manufacturing method of soli.d electrolytic 

capacitor of claim 12, 

wherein said first undulated surface of sai.d anode electrode· 

has first fine pores, 

sai.d second undulated surface of said dielectric oxide layer 

has second fine pores coinciding with the shape of said first 
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fine pores, an.d 

said step of forming the manganese dioxide layer includes 

a step of impregnating said anode electrode in an .aqueous 

solution of manganese· nitrate until said aqueous solution of 

manganese nitrate permeates into the inner surface of said 

second fine pores. 

23. The manufacturi.ng 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, 

a step of removing excess portion of said aqueous solution 

of manganese nitrate ·adhered on said anode electrode, and 

a step of treat:i.ng said aqueous solution of manganese 

nitrate by pyrolysis. 

24. The manufacturing method of solid electrolytic 

cap~citor of claim 12, 

wh~rein said step of forming the manganese dioxide layer 

includes 

a step of adhering~ aqueous solution of manganese 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 manganese nitrate 

adhered on said second undulated surf~ce by pyrolysis.in an 

atmosphere containing steam by 85±10 vol.%.· 

26. The manufacturing method of solid electrolytic 

capacitor of claim 12, 

wherein said step of forming the manganese dioxide layer 

includes 

a · step of immersing said ~node electrode having said 

dielectric oxide layer in an aqueous solution of manganese 

nitrate, 

a step of ~aking out said anode electrode from said aqueous 

solution of manganese nitrate, and adhering said aqueous 

solution of manganese nitrate to said second undulated· surface 
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of said dielectric oxide layer, and 

a. step of heating said anode electr~de 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. 

2 7 .- 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 {c} includes a step 

of forming a.manganese dioxide layer in contact with the entire 

surface of concave and convex portions of said sec.ond undulated 

surface. 

29. The · manufacturing method of solid electrolytic 

capacitor of claim 12, wherein said step {d) includes a step 

of forming a conductive high polymer layer in contact with the 

entire ~urf ace of concave and convex portions of said second 

undulated surface. 
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