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So1id e1ectrolytic capacitors and 

method for manufacturing the same 

FIELD OF THE INVENTION 

200100338-3 
2 3 JAN 2301 

The present invention relates to solid electrolytic 

capacitors using sol.id electrolyte and a method for 

manufacturing the same. 

BACKGROUND OF THE INVENTION 

Due to the remarkable development of digital. equipment in 

recent years, there is a strong demand for capacitors having 

high frequency characteristics, which are of J.ow impedance even 

in a high frequency range. As capacitors available to meet such 

demand of the market, capacitors using solid electrolyte layers 

such as manganese dioxide, polypyrrole or polythiophene are 

known. 

Fig. 3 is a sectional view showing the configuration of a 

conventional sol.id el.ectrolyti.c capaci.tor. In Fig. 3, a 

dielectric oxide film 33 formed by an positive electrode 

oxidation method is disposed on the surface of an positive 

electrode body 32. The positive electrode body 32 is enclosed 

in the dielectric oxide film 33. The positive electrode body 

32 is made by si.ntering·valve metal such as aluminum and titanium 

into porous metal.. Positive electrode lead wire 31 is con41ected 

to the positive electrode body 32, and a part of the positive 

electrode lead wire 31 is outwardly led from the surface of the 

dielectric oxide film 33. 

A sol.id electrolyte layer 34 such as manganese or 

polypyrrole is disposed on the surface of the positive electrode 

, ... 
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body 32 having the dielectric oxide film 33, and a negative 

electrode layer 35 comprising a carbon layer and a conductor 

layer is disposed on the solid electrolyte layer 34. A. 

capacitor element 36 is formed in this way. An positive 

electrode terminal 37 is connected to the positive electrode 

lead wlre 31 of a capacitor element 36. A negative electrode 

terminal 39 is connected to the negative electrode layer 35 

via conductive adhesive 38. Facing resin 40 being electrically 

insulative is disposed so as to cover the capacitor element 36. 

The positive electrode terminal 37 and the negative electrode 

terminal 39 are partially exposed to the outside. The solid 

electrolytic capacitor is configured in this way. 

In such conventional solid electrolytic capacitor, the 

solid electrolyte layer 34 is extremely low in resistibility, 

and it has been able to reduce the equivalent series resistance 

(hereinafter called ESR characteristic) of the solid 

electrolytic capacitor. 

However, in a conventional solid electrolytic capacitor as 

mentioned above, in case the oxide of transition metal such as 

manganese dioxide, or solid electrolyte layer 34 contains a 

conductive polymer comprising heterocyclic compound such as 

pol.ypyrrole, and in case a carbon layer is formed on the solid 
' 

electrolyte layer 34 by use of aqueous solution including carbon 

particles and coagulation stabilizer, it will sometimes cause 

generation of uneven carbon layers or thin film portions because 

the surface tension of the aqueous solution is too high. 

Therefore, it has been extremely difficult to form uniform 

carbon layers. 

Accordingly. lots of defective products have been generated 

with respect to ESR characteristic and capacity utilization 
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factor, and as a result, there has been a problem of lowering 

in yield of the products. 

The present invention provides a solid electrolytic 

capacitor assuring excellent ESR characteristic and capacity 

utilization factor, which has been reduced in contact 

resistance between the solid electrolyte layer and negative 

electrode layer, and a method for manufacturi~g same. 

SUMMARY OF THE INVENTION 

A solid electrolytic capacitor in accordance with the 

present invention comprises 

an positive electrode body, 

a dielectric layer formed on the surface of the positive 

electrode body, 

a solid electrolyte layer formed on the surface of the 

dielectric layer, 

a negative electrode layer disposed on the surface of the 

solid electrolyte layer, 

an positive electrode terminal electrically connected to the 

positive electrode body, and 

a negative electrode terminal electrically connected to the 

negative electrode layer, 

wherein the negative electrode layer includes a carbon layer, 

and 

the carbon layer contains carbon particles, and a benzene 

compound represented by chemical formula 1. 

Chemical formula 1 

where each of Rl, R2, R3, and R4 has H, OH group. COOH group, 

or alkyl group. 

\ 
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Preferably, the positive electrode body includes valve 

metal, and the dielectric layer includes a dielectric oxide film 

formed by oxidation of the valve metal. 

Preferably, the negative electrode layer further 

includes a conductor layer, a carbon layer is disposed on the 

surface of the dielectric layer, and the conductor layer is 

disposed on the surface of the carbon layer. 

Preferably, the positive electrode body includes valve 

metal; the dielectric layer includes a dielectric oxide film 

formed by oxidation of the valve metal; the negative electrode 

layer further includes a conductor layer; a carbon layer is 

disposed on the surface of the die1ectric oxide film; and the 

conductor layer is disposed on the surface of the carbon layer. 

Preferably, the solid e1ectrolytic capacitor further 

comprises facing resin; each of the positive electrode terminal 

and the negative electrode termina1 is partially exposed; 

and the facing resin is disposed so as to cover the positive 

electrode body, the dielectric layer, the solid electrolyte· 

layer, and the negative electrode layer. 

Due to this configuration, the carbon layer formed is fine 

and uniform. Accordingly, the contact resistance between the 

solid electrolyte layer and the carbon layer will be reduced. 

Further, the contact resistance between the carbon layer and 

the conductor layer will a1so be reduced. As a result, it is 

possible to obtain a solid electrolytic capacitor assuring 

excellent ESR characteristic and capacity utilization factor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing the configuration of a 

sol.id electrolytic capacitor in accordance with the exemplary 
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embodiment 1 and the exemplary embodiment 2 of the present 

invention. 

Fig. 2 is a perspective view showing the configuration 

partially broken away of a solid electrolytic capacitor in 

accordance with the exemplary embodiment 3 of the present 

invention. 

Fig. 3 is a sectional view showing the configuration of a 

conventional solid electrolytic capacitor. 

DESCRIPTION OF THE MARKS 

1 Positive electrode lead wire 

2 Positive electrode body 

3 Dielectric oxide film 

4 Solid electrolyte layer 

5 Carbon layer 

6 Silver paste conductor layer 

7 Capacitor element 

8 Positive electrode terminal 

9 Conductive adhesive 

10 Negative electrode terminal 

11 Facing resin 

DETAILED DESCRIPTION OF THE INVENTION 

In a solid electrolytic capacitor and its manufacturing 

method of the present invention. a carbon layer serves to 

relieve the surface tension generated when a carbon layer is 

formed. 

That is, a solid electrolytic capacitor in an embodiment 

of the present invention comprises an positive electrode body 

formed of valve metal; a dielectric oxide film, a solid 
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electrolyte layer and a negative electrode layer which are 

laminated in order on the surface of the positive electrode 

body; electrically insulative resin as a facing disposed so as 

to cover these laminated layers: an positive electrode terminal 

led out of the positive electrode body; and a negative electrode 

terminal led out of the negative electrode layer. · Each of 

the positive electrode terminal and the negative electrode 

terminal is partially exposed at the surface of the resin. The 

negative electrode layer includes a carbon layer and a 

conductor layer. The carbon layer contains carbon particles 

and a benzene compound rep resented by the chemical formula 1 . 

Due to this configuration, the carbon layer formed is fine and 

uniform. Accordingly, the contact resistance between the 

solid electrolyte layer and the carbon layer will be reduced. 

Further, the contact resistance between the carbon layer and 

the conductive layer will also be reduced. As a result, it is 

possible to obtain a solid electrolytic capacitor assuring 

excellent ESR characteristic and capacity utilization factor. 

Chemical formula 1 

where each of Rl, R2, R3 , and R4 has H, OH group, COCH group, 

or alkyl group. 

OH 

R4 OH 

R3 Rl 

R2 
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Preferably, the carbon particles, and the benzene compound 

represented by the chemical formula 1 are contained at a ratio 

of one part by weight of carbon particles and 0 .1-1. 8 part by 

weight of benzene compound represented by the chemical formula 

1. With this configuration, the carbon layer formed is fine 

and uniform. 

Preferably, the benzene compound represented by the 

chemical formula 1 which is included in the carbon layer 

contains catechol or pyrogallol. As pyrogallol, for example, 

a benzene compound having C6H60 3 as shown by the chemical formula 

2 i.s used. As catechol, for example, a benzene compound having 

C6H60 2 as shown by the chemical formula 3 is used. 

Chemical f orrnula 2 Chemical formula 3 

OH OH 

OH OH 

OH 

A method for manufacturing a solid electrolytic capacitor 

in an embodiment of the present invention comprises 

(a) a process of forming a die1ectric oxide film and a solid 

electrolyte layer in order on the surface of an positive 

electrode body formed by sintering valve metal into porous metal 

or on the surface of an positive electrode body with the foil 
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of valve metal surface-roughened; 

(b) a process of forming a negative electrode layer by 

forming a carbon layer containing carbon particles and a benzene 

·compound represented by the chemical forrnula 1 and a conductive 

layer of silver paste on the surface of the solid electrolyte 

layer; and 

{c} after that, a process of facing the whole with resin in 

a manner such that each of an positive electrode terminal. led 

out of the positive electrode body and a negative electrode 

terminal led out of the negative electrode layer is partially 

exposed. 

According to this method, it is possible to reliably obtain 

a solid electrolyte capacitor assuring excellent ESR 

characteristic and capacity utilization factor. 

Exemp1ary embodiment 1: 

Fig. 1 is a sectional view showing the configunation of a 

solid electrolyte capaci'tor in accordance with.the exemplary 

embodiment 1 of the present invention. In Fig. 1, the sol.id 

electrolyte capacitor comprises an positive electrode 2 formed 

of valve metal.; a dielectric oxide film 3, a solid electrolyte 

layer 4 and a negative electrode layer which are laminated 

in order on the surface of the positive electrode body 2; facing 

resin 11 disposed so as to cover these laminated layers; 

positive electrode lead wire l led out of the positive electrode 

body 2; an positive electrode terminal 8 connected to the 

positive electrode lead wire 1; and a negative electrode 

terminal 10 led out of the negative electrode layer. 

Each of the positive electrode terminal 8 and the negative 

electrode terminal 10 is partially exposed at the surface of 
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the facing resin 11. The solid electrolyte layer 4 contains 

manganese dioxide. As valve metal, aluminum and titanium or 

the like metal are used, and these metals are sintered into 

porous metals. The dielectric oxide film 3 is formed by an 

positive electrode oxidation method. The negative electrode 

layer includes a carbon layer 5 and a silver paste conductor 

layer 6. The negative electrode terminal 10 is connected to 

the negative electrode layer via a conductive adhesive 9. 

The carbon layer 5 contains carbon particles and a benzene 

compound represented by the chemical formula 1. 

The configuration mechanism of carbon particles and a 

benzene compound shown by the chemical formula 1 is unknown. 

However. the carbon layer 5 obtained is fine and uniform because 

of containing both of carbon particles and a benzene compound 

shown by the chemical formula 1. Accordingly, the contact 

resistance between the solid electrolyte layer 4 and the carbon 

layer 5 will be reduced. 

The carbon layer 5 contains a benzene compound shown by the 

chemical formula 1 in a range of 0.1 to 1.8 part by weight of 

same against one part by weight of carbon particles. Since the 

carbon layer 5 has such a range of chemical composition, the 

carbon layer 5 obtained is fine and uniform. Accordingly, the 

contact resistance between the solid electrolyte layer 4 and 

the carbon layer 5 will be reduced. Favorably. the carbon layer 

5 contains a benzene compound sho~ by the chemical formula 1 

in a range of O. 2 to 1. 2 part by weight of same aga.inst one part 

by weight of carbon particles. Due to this configuration, the 

result to be obtained will be further improved. 

In case the content of the benzene compound represented by 

the chemical formula 1 is less than O .1 part by weight, a uniform 
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carbon layer will not be obtained. Also, the content of the 

benzene compound represented by the chemical formula 1 exceeds 

1.8 part by weight, the carbon layer formed will be thick and 

not uniform, and it is unable to obtain a uniform layer. 

As a benzene compound shown by the chemical formula 1, at 

least one of catechol and pyrogallot is preferable in particular. 

These compounds may relieve the surface tension that becomes 

extremely high during forming of a carbon layer. Accordingly, 

the contact resistance between the solid electrolyte layer and 

the carbon layer will be reduced. As a result, it is possible 

to obtain a solid electrolytic capacitor having excellent ESR 

characteristic in a high frequency range. 

The carbon layer 5 is formed through processes such as, a 

process of preparing an alkaline (pH8-11) mixture or solution 

suspended by adding carbon particles of submicron in diameter, 

a benzene compound represented by the chemical formula 1, and 

a surface active agent into water, and a process of applying 

the alkaline mixture to the surface of sol.id electrolyte layer 

4 and drying of same. 

Or, a process of forming the carbon layer includes: 

(a} a step of preparing a suspension of carbon particles and 

liquid; 

(b) a step of preparing a mixed suspension ·bY dissolving a 

benzene compound shown by the chemical formula 1 in the 

suspension; 

(c) a step of immersing the positive electrode body having 

the solid electrolyte layer into the mixed suspension; 

(d) a step of taking the positive electrode body having the 

electrolyte layer out of the mixed suspension; and 

(e) a step of drying the positive electrode body having the 
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solid electrolyte layer, which is moistened with the mixed 

suspension. 

Because the mixture (or solution) is alkaline, the 

dispersion of carbon particles will be improved. Accordingly, 

it is possible to increase the stability of the benzene compound 

represented by the chemical formula 1. In case the mixture (or 

solution) is acidi~ (in terms of pH), the dispersion of carbon 

particles becomes worse, and consequently, the benzene compound 

will be lowered in stability. 

The content of carbon particles in the mixture (or solution} 

is preferable to be in a range from 2 wt% to 10 wt%. In this 

way, the dispersion of carbon particles will be further improved. 

As a result, the carbon layer 5 obtained is fine and uniform. 

When the content of carbon particles in the mixture {or 

solution) is less than 2 wt% or over 10 wt%, the above performance 

will be lowered a little. 

Specific examples are described in the following. 

Example 1: 

Firstly, tantalum powder is molded in a manner such that 

a part of tantalum wire is exposed. After that, the moldings 

is sintered. In this way, an positive electrode body of 1. 4 

mm in thickness, 3.0 mm in width, and 3.8 mm in length was 

obtained. The surface of the positive electrode body is 

subjected to formation at 20V by using phosphate solution. Thus, 

a dielectric oxide film was formed as a dielectric layer. A 

lead wire is connected to the positive electrode body and is 

led out of the positive electrode body. 

Next, the positive electrode body having the dielectric 

oxide film was immersed into 20 wt% of manganese nitrate 
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solution at 25°C for 10 seconds, and was taken out thereafter. 

After that, excess part of the manganese nitrate solution 

sticking to the surface of the positive electrode body having 

the dielectric oxide film was blown away by air. Subsequently, 

the positive electrode body moistened with manganese nitrate 

solution was treated at 300°C for 5 minutes, increasing the 

temperature at a speed of over 250°C within one minute. Thus, 

the manganese nitrate solution was thermally decomposed and 

then a solid electrolyte layer of manganese dioxide was formed 

on the surface of the dielectric oxide film. 

Next, the surface of the solid electrolyte layer was 

impregnated with alkaline solution containing carbon particles 

and pyrogallol. Pyrogallol is used as a benzene compound shown 

by the chemical formula 1. The alkaline solution contains 2 

wt% of carbon particles and 2 wt% of pyrogallol, and anunonia. 

The solution is adjusted to pHlO by ammonia. The positive 

electrode body impregnated with the alkaline solution was dried 

at 150°C. In this way, a carbon layer was formed on the surface 

of the solid electrolyte layer. After that, a silver paste was 

formed as a conductive layer on the surface of the carbon layer. 

Thus, a capacitor element was obtained. 

Next, a positive electrode terminal was connected to a 

tantalum wire. Also, a negative electrode terminal is 

connected to a negative electrode layer by using conductive 

adhesive. That is, the negative electrode terminal is 

connected to the negative electrode layer via the conductive 

adhesive. Facing resin is disposed to cover the capacitor 

element in a manner such that each of the positive electrode 

terminal and the negative electrode terminal is partially 

exposed. In this way, a solid electrolytic capacitor having 



·=-

13 

a shape of 7. 3 nun x 4. 3 mm x 2. 8 mm in dimension was manufactured. 

Example 2: 

In this example 2, a carbon layer is formed by using alkaline 

solution containing carbon particles and catechol as a benzene 

compound shown by the chemical formula 1. The other 

configurations to obtain a solid electrolytic capacitor are the 

same as in the above example 1. 

Example 3: 

In this example 3, a carbon layer is formed by using alkaline 

solution of pHlO which contains 5 wt% of carbon part1cles and 

O. 5 wt% of pyrogallol. In this case, the carbon layer contains 

one part by weight of carbon particles and O. 1 part by weight· 

of pyrogallol. The other configurations to obtain a solid 

electrolytic capacitor are the same as in the above example 1. 

Example 4: 

In this example 4 , a carbon layer is formed by using alkaline 

solution of pHlO which contains 5 wt% of carbon particles and 

2 wt% of pyrogallol. In this case, the carbon layer contains 

one part by weight of carbon particles and 0.4 part by weight 

of pyrogallol. The other configurations to obtain a solid 

electrolytic capacitor are the same as in the above example 1. 

Example 5: 

In this example 5 , a carbon layer is formed by using alkaline 

solution of pHlO which contains 5 wt% of carbon particles and 

5 wt% of pyrogallol. In this case, the carbon layer contains 

one part by weight of carbon particles and 1.0 part by we1ght 
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of pyrogallol. The other configurations to obtain a solid 

electrolytic capacitor are the same as in the above example 1. 

Example 6: 

In this example 6 , a carbon layer is formed by using alkaline 

solution of pHlO which contains 5 wt% of carbon particles and 

6 wt% of pyrogallol. In this case. the carbon layer contains 

one part by weight of carbon particles and 1. 2 part by weight 

of pyrogallol. The other configurations to obtain a solid 

electrolytic capacitor are the same as in the above example 1. 

Example 7: 

In this example 7 , a carbon layer is formed by using alkaline 

solution of pHlO which contains 5 wt% of carbon particles and 

9 wt% of pyrogallol. In this case, the carbon layer contains 

one part by weight of carbon particles and 1. 8 part by weight 

of pyrogallol. The other configurations to obtain a solid 

electrolytic capacitor are the same as in the above example 1. 

Example 8: 

In this example 8 , a carbon layer is formed by using alkal.ine 

sol.ution of pHlO which contains 10 wt% of carbon particles and 

10 wt% of pyrogallol. In this case, the carbon layer contains 

one part by weight of carbon particl.es and 1.0 part by weight 

of pyrogallol.. The other configurations to obtain a sol.id 

electrolytic capacitor are the same as in the above example l. 

Comparative example 1: 

In this comparative example 1, a carbon layer is formed by 

using alkaline solution of pHlO which contai.ns 2 wt% of carbon 
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particles. That is, the alkaline solution does not contain a 

benzene compound shown by the chemical formula 1. The other 

configurations to obtain a solid electrolytic capacitor are the 

same as in the above example 1. 

Comparative example 2: 

In this comparative example 2, a carbon layer is formed by 

using alkaline solution of pHlO which contains 5 wt% of carbon 

particles. That is, the alkaline solution does not contain a 

benzene compound shown by the chemical formula 1. The other 

configurations to obtain a solid electrolytic capacitor are the 

same as in the above example 1. 

With respect to the solid electrolytic capacitors thus 

obtained in the examples 1 to 8 and the comparative examples 

1 and 2, the initial characteristics (electrostatic capacity 

~c·. equivalent series resistance "ESR", leak current -Le"), 
capacity change rate ".AC" and ESR change rate ".AESR" after 1, 000 

hours of leaving at 105°C are shown in Table 1. These 

performanc~s were measured at temperatures in a range of 25-30°C. 

The electrostatic capacity ~as measured at 120 Hz. ESR was 

measured at 100 kHz. As the leak current, the current value 

was measured 30 seconds after applyi.ng the rated voltage. Each 

of the measured values is shown by averaging n = 30 specimens. 

The rated specification of the solid electrolytic capacitor is 

6. 3WV I 150 µF. 
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Table 1 

Initial values After 1,000 hours 

c (µF) ESR (mQ) LC (µA) 6.C ( % ) AESR (%) 

Example 1 152 30 15 -2.5 1.5 

Example 2 154 28 14 -2.1 1.3 

Example 3 150 24 13 -2.0 1.2 

Example 4 153 22 11 -1.8 0.9 

Example 5 154 21 10 -1. 7 0.8 

Example 6 159 23 12 -1.8 0.9 

Example 7 156 25 13 -2.2 1.3 

Example 8 155 24 13 -2.1 1.2 

Comparative 
121 75 94 -15 17 example 1 

Comparative 
126 72 82 -12 11 example 2 

As shown in Table 1, the solid electrolytic capacitors in 

the example 1 and the example 2, containing carbon particles 

and pyrogallol or catechol in the carbon layer, have better 

initial characteristics than those in the comparative examples. 

Further, the solid electrolytic capacitors in the present 

examples maintain excellent performance even after 1,000 hours 

of leaving at high temperatures. That is, in the present 

examples, the electrostatic capacity is 152-154 µF. ESR is 28-30 

mQ, and leak current is 14-15 µA. Also, after 1,000 hours of 

leaving at 105°C, the capacity change rate (~C) is 2.1-2.5%, 

and ESR change rate is 1.3-1.5%. On the other hand, in the 

comparative example 1, the electrostatic capacity is 121 µF, 

ESR is 75 mQ or less, and leak current is 94 µA. Furthermore, 

after 1, 000 hours of leaving at 105°C, the capacity change rate 

(bC) is 15%, and ESR change rate is 17%. 

\jo •• 
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Also, the solid electrolytic capacitors in the examples 3 

to 8 show the characteristics of a solid electrolytic capacitor 

which can be obtained by changing the content of pyrogallol in 

the carbon layer forming process. Because the carbon layer 

contains 0. 2 part to 1. 8 part by weight of pyrogallol against 

one part by weight of carbon particles, the initial 

characteristics obtained are better than those in the 

comparative example 2. Further, the solid electrolytic 

capacitors in the present examples maintain excellent 

performance even after 1,000 hours of leaving at high 

temperatures. That is, the electrostatic capacity is 150-159 

µF, ESR is 21-25 mQ, and leak current is 10-13 µA or less. Also, 

after l, 000 hours of leaving at 105°C, the capacity change rate 

(AC) is 1. 7-2 .1%, and ESR change rate is 0. 8-1. 3%. On the other 

hand, in the comparative example 2, the electrostatic capacity 

is 126 µF, ESR is 72 mQ or less, and leak current is 82 µA. 

Furthermore, after l, 000 hours of leaving at 105°C, the capacity 

change rate (AC) is 12%, and ESR change rate is 11%. 

Thus, the solid electrolytic capacitors in the present 

examples are 150 µF or over in electrostatic capacity, 35 mQ 

or less in ESR, and 20 µA or less in leak current. Furthermore, 

the solid electrolytic capacitors in the present examples are, 

after 1,000 hours of leaving at 105°C, within 3% in capacity 

change rate (AC) and within 2% in ESR change rate. On the other 

hand, the solid electrolytic capacitors in the comparative 

examples are 126 µFor less in electrostatic capacity, 72 rnQ 

or over in ESR, and 8 2 µA or over in leak current. Further, 

the solid electrolytic capacitors in the comparative examples, 

after l, 000 hours of leaving at 105°C, are 12% or over in capacity 

change rate ( .1C) and 11 % ·or over in ESR change rate . 
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Exemplary embodiment 2: 

In the exemplary embodiment 2, a solid electrolyte layer 

is formed of a conductive polymer. The other configurations 

to obtain a solid electrolytic capacitor are the same as in the 

above exemplary embodiment 1. 

As a conductive polymer, it is preferable to use a 

heterocyclic pol.ymer such as polypyrrole, polythiophene, 

pol.yaniline, or poly-3, 4-ethylene dioxythiophene. 

These conductive polymers are formed through chemical 

oxidative polymerization of heterocyclic monomers. 

The first method of forming solid electrolyte layer 4 of 

conductive polymer comprises (a) a process of impregnating the 

surface of dielectric oxide film 3, formed on the surface of 
--

positive electrode body 2, with a polymerizing solution 

containing a heterocylic monomer, and further, impregnating 

same with an oxidizing solution containing an oxidizing agent, 

followed by cleaning and recovery formation; and (b) a process 

of repeating the process (a) by a plurality of times. 

The second method of forming solid electrolyte layer 4 of 

conductive pol.ymer comprises { c) a process of impregnating the 

surface of dielectric oxide film 3, formed on the surface of 

positive electrode body 2, with a mixed solution containing 

a heterocycl.ic monomer and an oxidizing agent, and (d) a process 

of repeating the process (c) by a plurality of times. 

The third method of forming solid electrolyte layer 4 of 

conductive polymer comprises (e) a process of impregnating the 

surface of dielectric oxide film 3, formed on the surface of 

positive electrode body 2, with a polymerizing solution 

containing a heterocylic monomer, and further, impregnating 
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same with an oxidizing sol~tion containing an oxidizing agent, 

and further, with a mixed solution containing a heterocyclic 

monomer and an oxidizing agent, followed by cleaning and 

recovery formation; and (f) a process of repeating the process 

(e) by a plurality of times. 

As a heterocyclic monomer, it is preferable to use a monomer 

such as pyrrole, thiophene, aniline, or 3, 4-ethylen 

dioxythiophene. Solid electrolyte layer 4 of conductive 

polymer having a relatively high conductivity can be obtained 

through chemical oxidative polymerization of these hetercyclic 

monomers. 

Also, as oxidizing agents, for example, ferric salt, 

persulfate, permanganate, and hydrogen peroxide are employed. 

It is preferable to use iron sulfate or ferric p-toluene 

sulfonate as an oxidizing agent. 

The examples in the exemplary embodiment 2 will be described 

in the following. 

Example 21: 

Firstly, tantalum powder is molded in a manner such that 

a part of tantalum wire is exposed. After that, the moldings 

is sintered. In this way, an positive electrode body of 1. 4 

mm in thickness, 3.0 mm in width, and 3.8 mm in length was 

obtained. The surface of the positive electrode body is 

subjected to formation at 20V by using phosphate solution. Thus, 

a dielectric oxide film was formed as a dielectric layer. The 

lead wire is connected to the positive electrode body and is 

exposed at the surface of the dielectric oxide film. 

Next, the positive electrode body having the dielectric 

oxide film was immersed in a polymerizing solution containing 
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a heterocyclic monomer ~or 5 minutes, and taken out thereafter. 

The polymerizing solution contains ethylene glycol solution, 

sodium alkyl naphthalene sulfonate, and heterocyclic monomer. 

Pyrrole is used as a heterocyclic monomer. After that, the 

positive electrode body having the dielectric oxide film is 

immediately immersed in an oxidizing solution including an 

oxidizing agent for 10 minutes, and taken out thereafter. The 

oxidi.zing solution contains ethylene glycol solution and 

ferrous sulfate (III}. The positive electrode body was cleaned 

and then subjected to recovery formation, followed by drying 

at 100°C. A series of these operations were repeated 10 times. 

In this way, a conductive polymer as a solid electrolyte layer 

was formed on the surface of the positive electrode body. 

Next, the surface of the · solid electrolyte layer was 

impregnated with alkaline solution containing carbon particles 

and pyrogallol. Pyrogallol contains a benzene compound of 

chemical formula 1. The alkaline solution contains 2 wt% of 

carbon particles and 2 wt% of pyrogallol, and ammonia. The 

solution is adjusted to pHlO by ammonia. The positive electrode 

body impregnated with the alkaline solution was dried at 150°C. 

In this way, a carbon layer was formed on the surface of the 

solid electro.lyte layer. After that, a silver paste conductor 

layer was formed on the surface of the carbon layer. Thus, a 

capacitor element was obtained. 

Next, a positive electrode terminal was connected to a 

tantalum wire. Also, a negative electrode terminal was 

connected to a negative electrode 

adhesive. That is, the negative 

connected to the negative electrode 

layer by using conductive 

electrode termj,nal is 

layer via the conductive 

adhesive. Facing resin is disposed to cover the capacitor 
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element in a manner such that each of the positive electrode 

terminal and the negative electrode terminal is partially 

exposed. In this way, a solid electrolytic capacitor having 

a shape of 7. 3 mm x 4. 3 mm x 2. 8 mm in dimension was manufactured. 

Example 22: 

In the example 22, the solid electrolyte layer is formed 

by using a polymerizing solution containing thiophene as a 

heterocyclic monomer. That is, the solid electrolyte layer 

contains polythiophene formed through polymerization of 

thiophene. The other configurations to obtain a solid 

electrolytic capacitor are the same as in the above example 21. 

Example 23: 

In this example 23, a solid electrolyte layer is formed by 

using a polymerizing 

heterocyclic monomer. 

solution containing aniline as a 

That is. the solid electrolyte layer 

contains pol.yaniline formed through polymerization of aniline. 

The other configurations to obtain a solid electrolytic 

capacitor are the same as in the above example 21. 

Example 24: 

In this example 24, a solid electrolyte layer is formed by 

using a polymerizing solution containing 3. 4-ethylene 

dioxythiophene as a heterocyc.lic monomer. That is, the solid 

electrolyte layer contains poly-3, 4-ethylene dioxythiophene 

formed through polymerization of 3, 4-ethylene di.oxytniophene. 

The other configurations to obtain a solid electrolytic 

capacitor are the same as in the above example 21. 
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Comparative example 3: 

In this comparative example 3, a carbon layer is formed by 

using alkaline solution of pHlO which contains 2 wt% of carbon 

particles. That is, the alkaline solution does not contain a 

benzene compound represented by the chemical formula 1. The 

other configurations to obtain a solid electrolytic capacitor 

are the same as in the above example 21. 

With respect to the solid electrolytic capacitors thus 

obtained in the examples 21 - 24 and the comparative examples 

3, the initial characteristics (electrostatic capacity "C", 

equivalent series resistance "ESR", leak current "LC"), 

capacity change rate ".6.C" and ESR change rate n.6.ESR" after l,000 

hours of leaving at 105°C are shown in Table 2. These 

performances were measured at temperatures in a range of 2 5-3 0°C. 

The electrostatic capacity was measured at 120 Hz. ESR was 

measured at 100 kHz. As the leak current, the current value 

was measured 30 seconds after applying the rated voltage. Each 

of the measured values is shown by averaging n = 30 specimens. 

Here, the rating of the solid electrolytic capacitor is 6. 3WV, 

150 µF. 

Table 2 

Initial values After 1,000 hours 

c (µF) ESR (mQ} LC (µA) AC {%) AESR (%) 

Example 21 152 20 11 -1.8 1.0 

Example 22 154 21 10 -1.9 1.1 

Example 23 153 20 11 -1.8 1.1 

Example 24 158 18 9 -1.6 0.8 

Comparative 126 82 82 -11 12 
example 3 
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As shown in Table 2, the solid electrolytic capacitors in 

the examples 21 to 24, containing carbon particles and 

pyrogallol or catechol in the carbon layer, have better initial 

characteristics than those in the comparative example. Further, 

the solid electrolytic capacitors in the present examples 

maintain excellent performance even after 1, 000 hours of 

leaving at high temperatures. That is. in the present examples, 

the electrostatic capacity is 152-158 µF, ESR is 18-21 mQ, and 

leak current is 9-11 µA. Also, after 1,000 hours of leaving 

at 105°C, the capacity change rate (AC) is 1.6-1.8%, and ESR 

change rate is 0. 8-1.1%. On the other hand, in the comparative 

example 3, the electrostatic capacity is 126 µF, ESR is 82 mQ 

or less, and leak current is 82 µA. Furthermore, after 1,000 

hours of leaving at 105°C, the capacity change rate (AC) is 11%, 

and ESR change rate is 12%. 

Thus, the solid electrolyte capacitors in the examples 21 

to 24 have better initial characteristics than those in the 

comparative example, and are also lower in capacity change rate 

and ESR change rate after 1,000 hours of leaving at 105° as 

compared with the comparative example. 

Exemplary embodiment 3: 

Fig. 2 is a perspective view, partially broken away, showing 

the configuration of a solid electrolytic capacitor in the 

exemplary embodiment 3 of the present invention. In Fig. 2, 

the solid electrolytic capacitor comprises an positiv~ 

electrode body 21 having a dielectric oxide film 22, a manganese 

dioxide layer 23, a solid electrolyte layer 24, a negative 

electrode layer 25, an insulation resist 20, terminal member 

26A, 26B, and facing resin 27. 
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The positive electrode body 21 is formed of aluminum foil 

as valve metal, and the positive electrode body is rough-

surfaced. 

etching. 

The aluminum foil surface is rough-surfaced by 

After that, the rough surface of the aluminum foil 

is subjected to formation, and a dielectric oxide film 22 is 

formed on the aluminum foil surface. The insulation resist 20 

is disposed to separate the aluminum foil into an positive 

electrode portion and a negative electrode portion. That is, 

the aluminum foil is separated into an positive electrode 

portion and a negative electrode portion by the insulation 

resist 20. Manganese dioxide layer 23 and solid electrolyte 

layer 24 are formed on the negative electrode portion of the 

aluminum foil. That is, the negative electrode portion 

includes the manganese dioxide layer 23 and the solid 

el.ectrol.yte layer 24. As solid el.ectrolyte layer 24, a 

conductive polymer such as polypyrrol.e, pol.ythiophene or 

polyani.line is employed. The negative electrode layer 25 is 

arranged over the solid electrolyte layer 24. The negative 

electrode layer 25 includes a carbon layer, and silver paste 

as a conductor layer. A capacitor element is configured in this 

way. Using a single or a plurality of such capacitor elements 

laminated, the terminal member 26A is connected to the positive 

electrode porti.on, and the terminal member 26B is connected to 

the negative electrode portion. After th~t. the facing resin 

27 is molded so as to cover the capacitor element. Thus, a solid 

electrolytic capacitor is formed. 

The manganese dioxide layer 23 is formed through a process 

of impregnating the positive electrode body with manganese 

nitrate solution, a process of natural drying, followed by a 

process of thermal decomposition at 300°C .. 
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element into ammonium dihydrogen phosphate solution, DC12V was 

applied to the positive electrode body for 20 minutes. The 

effective area of the positive electrode body is 3. 2 mm x 3. 9 

mm. The concentration of ammonium dihydrogen phosphate 

solution is O. 3 wt%, and the temperature in the solution is 70°C. 

Thus, an oxide film on positive electrode was formed as a 

dielectric layer. 

Next, the positive electrode body having the oxide film 

on positive electrode was inunersed into 20 wt% manganese nitrate 

solution at 25°C for 3 seconds, and was taken out thereafter. 

After that, excess part of the manganese nitrate solution 

sticking to the surface of the positive electrode body having 

the oxide film on positive electrode was blown away by air. 

Subsequently, the positive electrode body moistened with 

manganese nitrate solution was treated at 300°C for 5 minutes, 

increasing the temperature at a speed of over 250°C within one 

minute. Thus, the manganese nitrate solution was thermally 

decomposed and then a solid electrolyte layer of manganese 

dioxide was formed on the surface of the dielectric layer. 

Next, the positive electrode body having the dielectric 

layer and solid electrolyte layer was immersed i.n an ammoni.um 

dihydrogen phosphate solution, 3 wt% in concentration and 70°C 

in liquid temperature, and then, DClOV was applied to the 

positive electrode body for 10 minutes, thereby performing 

re-formation treatment. Subsequently, a solid electrolyte 

layer of conductive polymer of polypyrrole film was formed on 

the manganese dioxide layer by the above-mentioned electrolytic 

polymerization method. 

Next, the surface of the solid electrolyte layer was 

impregnated with alkaline solution containing carbon particles 
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It is a1so possible to form a pre-coating layer having a 
conductive material such as a conductive polymer or the like 
in place of a manganese dioxide layer. 

The solid electrolyte layer having a conductive polymer is 
formed through electrolytic polymerization of a heterocyclic 
monomer. As a heterocyclic monomer, for example, it is 
preferable to use a monomer such as pyrrole, thiophene. aniline. 
or 3, 4-ethylene dioxythiophene. By oxidative polymerization 
of these heterocyclic monomers, it is possible to relatively 
easily obtain solid electrolyte layer 4 of conductive polymer 
having high conductivity. 

For example, in a polymerizing solution including a 
heterocyclic monomer such as pyrrole, applying an electric 
field thereto from an external electrode results in 
electrolytic polymerization of the pyrrole, thereby forming 
polypyrrole. In this way, a solid electrolytic capacitor 
having excellent characteristics can be reliably obtained in 
a relatively short period· of time. 

Also, the carbon layer may be formed according to the same 
method as in the above exemplary embodiment 1. 

Examples in the exemplary embodiment 3 will be described 
in the following. 

Example 31: 

A surface-roughened aluminum foil increased in surface area 
by about 125 times was formed by etching the surface of aluminum 
foil as an positive electrode body. An insulative resist tape 
was affixed to the aluminum foil to separate the aluminum foil 
into a negative electrode portion and an positive electrode 
portion. Immersing the positive electrode body of a capacitor 
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and pyrogallol. Pyrogallol is used as a benzene compound of 

chemical formula 2. The alkaline solution contains 5 wt% of 

carbon particles and 2 wt% of pyrogallol, and anunonia. The 

solution is adjusted to pHl O by ammonia. The positive electrode 

body impregnated with the alkaline solution was dried at 150°C. 

In this way, a carbon layer was formed on the surface of the 

solid electrolyte layer. In that case. the carbon layer 

contains O. 2 part by wei.ght of pyrogallol against one part by 

wei.ght of carbon particles. After that, a si.lver paste 

conductor layer was formed on the surf ace of the carbon layer. 

In this way, a conductor layer on negative electrode was 

formed. Thus, a capacitor element was obtained. A lead wire 

was led from each of the positive electrode body and the 

conductor layer on negative electrode . After that, facing 

resin is disposed so as to cover the capacitor element. Thus, 

a solid electrolytic capacitor having a shape of 7.3 mm x 4.3 

mm x 2.8 mm in dimension was manufactured. 

Example 32: 

In this example 32, a carbon layer is formed by using 

alkaline solution of pHlO which contains 5 wt% of car_bon 

particles and 9 wt% of pyrogallol. In this case, the carbon 

layer contained one part by weight of carbon particles aild 1. 8 

part by weight of pyrogallol. The other configurations to 

obtain a solid electrolytic capacitor are the same as in the 

above example 31. 

Comparative example 4: 

In this comparative example 4, a carbon layer is formed by 

using alkaline solution of pHlO which contains 5 wt% of carbon 
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particles. That is, the alkaline solution does not contain a 

benzene compound shown by the chemical formula 1. The other 

configurations to obtain a solid electrolytic capacitor are the 

same as in the above example 31. 

With respect to the solid electrolytic capacitors thus 

obtained in the examples 31, 32 and the comparative example 4, 

the initial characteristics (electrostatic capacity "C", 

equivalent series resistance "ESR", leak current "LC"). 

capacity change rate "Ac·., and ESR change rate "AESR" after 1, 000 

hours of leaving at 105°C are shown in Table 1. These 

performances were measured at temperatures of 25 to 30°C. The 

electrostatic capacity was measured at 120 Hz. ESR was measured 

at 100 kHz. As the leak current. the current value was measured 

30 seconds after applying the rated voltage. Each of the 

measured values is shown by averaging n = 30 specimens. The 

rating of the solid electrolytic capacitor is 6.3WV, 22 µF. 

Table 3 

Initial values After 1,000 hours 

c (µF) ESR {mQ} LC (µA) 6.C ( %) aESR (%) 

Example 31 22 25 78 -1.5 5.5 

Example 32 24 28 78 -1.1 . 5. 3 

Comparative 21 32 80 --5.l 21 
example 4 

As shown in Table 3, the solid electrolytic capacitors in 

the ekample 31 and the example 32, containing carbon particles 

and pyrogallol or catechel in the carbon layer, have better 

initial characteristics than those in the comparative example 

4. Further, the solid electrolyt~c capacitors in the present 
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examples maintain excellent performance even after 1, 000 hours 

of leaving at high temperatures. That is, in the present 

examples, the electrostatic capacity is 22-24 µF, ESR is 25-28 

mQ, and leak current is 78 µA. Also, after 1,000 hours of 

le~ving at 105°C, the capacity change rate (AC} is 1.1-1.5%, 

and ESR change rate is 5.3-5.5%. On the other hand, in the 

comparative example 4, the electrostatic capacity is 21 µF, ESR 

is 32 mQ or less, and leak current is 80 µA. Furthermore, after 

1,000 hours of leaving at 105°C, the capacity change rate· (AC} 

is 5.1%, and ESR change rate is 21%. 

Thus, the solid electrolytic capacitors in the present 

examples 31 and 32 have better initial characteristics than 

those in the comparative example. Further, the capacity change 

rate and ESR change rate after 1, 000 hours of leaving at 105°C 

are smaller than those in the comparative example. 

Particularly, with respect to the capacity change rate and ESR 

change rate· after 1,000 hours of leaving at 105°C, the solid 

electrolytic capacitors in the present examples are smaller 

than those in the comparative example. 

As described above, due to the configuration of ·the present 

invention, the carbon layer obtained is fine and unifo.rm. 

Accordingly, the contact resistance between the solid . 
electrolyte layer and the carbon layer is reduced, and the 

contact resistance between the carbon layer and the conductor 

layer is also reduced. As s result, it is possible to obtain 

a solid electrolytic capacitor assuring excellent equivalent 

series resistance {ESR characteristics) and capacity 

utilization factor. 
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What is c1aimed is: 

1. A solid electrolytic capacitor, comprising: 

an positive electrode body; 

11111111111111 11111 lllrl 111111 
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a dielectri.c layer formed on the surface of said positive 

electrode body; 

a solid electrolyte layer formed on the surf ace of said 

dielectric layer; 

a negative e1ectrode layer disposed on the surface of said 

solid electrolyte layer; 

an positive electrode terminal electrically connected to 

said positive electrode body; and 

a negative electrode terminal electrically connected to 

said negative electrode layer, 

wherein said negative electrode layer includes a carbon 

layer, and said carbon layer contains carbon particl.es, and a 

benzene compound represented by chemical formula 1, where each 

of Rl, R2 , R3 , and R4 has H, OH group, COOH group, or alkyl 

group. 

Chemical f ormu1a 1 

OH 

R4 OH 

R3 Rl 

R2 



11111111 llllll lllll tll\l ll 111\ 
* C L M S * 

31 

2. The solid electrolytic capacitor as defined in claim 1, 

wherein said positive electrode body includes valve metal, 

and said dielectric layer includes a dielectric oxide film 

formed by oxidation of said valve metal .. 

3. The solid electrolytic capacitor as defined in claim 1, 

wherein said negative electrode layer furt_her includes 

a conductor layer, 

said carbon layer is disposed on the surface of said 

dielectric layer, and 

said conductor layer is disposed on the surface of said 

carbon layer. 

4. The solid electrolytic capacitor as defined in claim 1, 

wherein said positive electrode body includes valve metal; 

said dielectric layer includes a dielectric oxide film 

formed by oxidation of said valve metal; 

said negative el.ectrode layer further includes a conductor 

layer; 

said carbon layer is disposed on the surface of said 

dielectric oxide film; and 

said conductor layer is disposed on the surface of said 

carbon layer. 

5. The solid electrolytic capacitor as defined in claim 1, 

further comprising facing resin, 

wherein said facing resin is disposed so as to cover said 

positive electrode body, said solid el.ectrolyte layer, and said 

negative electrode layer, in a state such that each of said 

positive electrode terminal and said negative electrode 

• . .. 
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terminal is partially exposed from the facing resin. 

6. The solid electrolytic capacitor as defined in claim 1, 

further comprising facing resin, 

wherein said positive electrode body includes valve metal; 

said dielectric layer includes a dielectric oxide film; 

said negative electrode layer further includes a conductor 

1.ayer; 

said carbon 1.ayer is disposed on the surface of said 

dielectric oxide film; 

said conductor layer is disposed on the surf ace of said 

carbon layer; and 

in a state such that each of said positive electrode 

terminal and said negative electrode terminal. is partially 

disposed, said facing resin is disposed so as to cover said 

positive electrode body, said sol.i.d electrolyte 1.ayer and said 

negative electrode 1.ayer. 

7. The solid electrolytic capacitor as defined in cl.aim 1, 

wherein said carbon layer contains one part by weight of 

said carbon particles and O .1 part to 1. 8 part by weight of said 

benzene compound. 

8. The sol.id electrolytic capacitor as defined in claim l, 

wherein said benzene compound contains at least one of 

catechol and pyrogallol. 

9. The sol.id electrolytic capacitor as defined in claim 1, 

wherein said solid electrolyte layer contains manganese 

dioxide. 
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10. The solid electrolytic capacitor as defined in claim 1, 

wherein said solid electrolyte layer includes a conductive 

polymer formed of at least one heterocyclic monomer selected 

from the group consisting of pyrrole, thiophene, aniline, and 

3, 4-ethylene dioxythiophene. 

11. The solid electrolytic capacitor as defined in claim 1, 

wherein said positive el.ectrode body is formed of at l.east 

one of (i)val.ve metal having a roughened surface and (ii)valve 

metal sintered into porous metal. 

12. The solid electrolytic capacitor as defined in claim 1, 

wherein said positive electrode body includes aluminum 

having a roughened surface, 

said dielectric layer includes a dielectric oxide film 

formed by surf ace oxidation of said aluminum. 

13. A solid electrolytic capacitor, comprising: 

an positive electrode body formed of valve metal.; 

a dielectric oxide film disposed on the surf ace of said 

positive electrode body; 

a solid electrolyte I.ayer disposed on the surface of sai.d 

di.electric oxide film: 

a negative electrode layer disposed on the surface of said 

solid electrolyte layer; 

an positive electrode terminal electrically connected to 

said positive electrode body; 

a negative electrode terminal electrically connected to 

said negative electrode layer; and 
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facing resin disposed in a state such that each of said 

positive electrode terminal and said negative electrode 

terminal is partially exposed, 

wherein said negative electrode layer includes a carbon 

layer, and 

said carbon layer contains carbon particles and a benzene 

compound represented by the chemical formula 1, where each of 

Rl, R2 , R3, and R4 has H, OH group, COOH group, or alkyl group. 

Chemical formula 1 

OH 

R4 OH 

R3 Rl 

R2 

14. A method for manufacturing a solid electrolytic capacitor, 

comprising the steps of: 

(a) forming an .positive electrode body; 

(b) forming a diel.ectric layer on the surface of said positive 

electrode body; 

( c) forming a solid electrolyte layer on the surface of said 

dielectric layer; 

{d} forming a negative el.ectrode layer on the surface of said 

solid electrolyte layer, 

wherein said negative electrode layer includes a carbon 

layer, and 

said carbon layer includes carbon particles and a benzene 
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compound represented by the chemical formula l; 

(e) electrically connecting an positive electrode terminal 

to said positive electrode body; 

(£) electrically connecting a negative electrode terminal 

to said negative electrode layer; and 

(g) disposing facing resin which covers said positive 

electrode body, said dielectric layer, said solid electrolyte 

layer, and said negative electrode layer, where each of Rl, 

R2, R3 , and R4 has H, OH group, COOH group, or alkyl group . 

Chemical formula 1 

OH 

R4 OH 

RS Rl 

R2 

15. The method for manufacturing a solid electrolytic 

capacitor as defined in claim 14, 

wherein the step of forming said positive electrode bqdy 

includes a step of sintering valve metal into porous metal, and 

the step of forming said dielectric layer includes a step 

of forming a dielectric oxide film through oxidation of the 

surface of said valve metal. 

16. The method for manufacturing a soli.d electrolyti.c 

capacitor as defined in claim 14, 

wherein the step of forming sa:i.d negative electrode layer 
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includes the steps of disposing the carbon layer, and disposing 

a conductor layer on the surface of said carbon layer. 

17. The method for manufacturing a solid electrolytic 

capacitor as defined in claim 16, 

wherein the step of farming said conductor layer includes 

a step of disposing silver paste. 

18. The method for manufacturing a solid electrolytic 

capacitor as defined in claim 14, 

wherein the step of forming said positive electrode body 

includes at 1.east one of (i)a step of sintering valve metal. into 

porous metal and (ii) a step of roughening the surface of valve 

metal. 

19. The method for manufacturing a solid electrolytic 

capacitor as defined in claim 14, 

wherein the step of forming said positive el.ectrode body 

includes at l.east" one of (i)a step of sintering valve metal into 

porous metal. and (ii) a step of roughening the surf ace of valve 

metal; 

the step of forming said dielectric layer includes a step 

of form.ing a diel.ectr.ic oxide film on the surface of said valve 

metal; 

the step of forming said negative electrode layer 

includes a step of disposing the carbon layer and a step of 

disposing a conductive layer having silver paste on the surface 

of said. carbon layer; and 

each of said posi.ti.ve electrode terminal and said negati.ve 

electrode terminal is partially disposed at the surface of 
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said facing resin. 

20. The method for manufacturing a solid electrolytic 

capacitor as defined in claim 14, 

wherein said carton layer contains one part by weight of 

carbon particles and 0.1 part to 1.8 part by weight of said 

benzene compound. 

21. The method for manufacturing a solid electrolytic 

capacitor as defined in claim 14, 

wherein said benzene compound contains at least one of 

catechol. and pyroga11o1. 

22. The method for manufacturing a solid electrolytic 

capacitor as defined in claim 14, 

wherein the step of forming said carbon layer includes a 

step of applying a mixture containing carbon particles, a 

benzene compound represented by the chemical formula 1 and 

liquid to said solid electrolyte, and a step of removing the 

liquid. 

23. The method for manufacturing a sol.id electrolytic 

capacitor as defined in claim 14, 

wherein the step of forming said carbon layer includes the 

steps of 

preparing a suspension containing carbon particles and 

liquid; 

preparing a mixed suspension by dissolving a benzene 

compound represented by the chemical formula 1 in said 

suspension; 
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immersing said positive electrode body having said solid 

electrolyte layer into said mixed suspension; 

taking said positive electrode body having said solid 

electrolyte layer moistened with said mixed suspension out of 

said mixed suspension; and 

drying said positive electrode body having said solid 

electrolyte layer moistened with said mixed suspension. 

24 . The method for manufacturing a solid electrolytic 

capacitor as defined in clai~ 22. 

wherein said mixture is a suspension that bas been 

alkalized. 

25. The method for manufacturing a solid electrolytic 

capacitor as defined in claim 22, 

wherein said carbon particles are contained in said mixture 

in a range from 2 wt% to 10 wt%. 

26. The method for manufacturing a solid electrolytic 

capacitor as defined in claim 14, 

wherein the step of forming said solid electrolyte layer 

includes at least one of 

(i) a step of forming manganese dioxide, and 

(ii) a step of forming a conductive polymer by 

polymerization of a hetercyclic monomer. 

27. The method for manufacturing a solid electrolytic 

capacitor as defined in claim 14, 

wherein the step of forming said solid electrolyte layer 

includes 
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a step of forming a conductive polymer through 

polymerization of at least one heterocyclic monomer selected 

from the group consisting of pyrrole, thiophene, aniline, and 

3, 4-ethylene dioxythiophene. 

28. The methoq for manufacturing a solid electrolytic 

capacitor as defined in claim 14, 

wherein the step of said solid electrolyte layer includes 

a process of forming a conductive polymer layer, and 

the step of forming said conductive polymer layer includes 

at least one selected from the group consisting of 

{ i ) (a) a step of impregnating the surface of said 

dielectric layer, formed on the surface of said positive 

electrode body, with a polymerizing solution containing a 

heterocylic monomer, further impregnating same with an 

oxidizing solution containing an oxidizing agent, followed by 

cleaning and recovery formation; and (b) a step of repeating 

the step (a) by a plurality of times; and 

( ii ) (c} a step of impregnating the surface of said 

dielectric layer, formed on the surface of said positive 

electrode body, with a mixed solution containing a heterocyclic 

monomer and an oxidizing agent; and (d) a step of repeating 

the step (c) by a plurality of times; and 

( iii ) (e) a step of impregnating the surface of said 

dielectric layer, formed on the surface of said positive 

electrode body. with a polymerizing solution containing a 

heterocyclic monomer, further impregnating same with an 

ox:i.dizing solution containing an oxidizing agent and also with 

a mixed solution containing a heterocyclic monomer and an 

oxidizing agent, followed by cleaning and recovery formation; 
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and {f) a step of repeating the step (e} by a plurality of times. 

29. A method for manufacturing a solid electrolytic capacitor, 

comprising the steps of: 

(a) forming an positive electrode body having valve metal 

sintered into porous metal; 

(b) forming a dielectric layer on the surface of said positive 

electrode body; 

(c) forming a solid electrolyte layer on the surface of said 

dielectric layer; 

(d) forming a negative electrode layer on the surface of said 

solid electrolyte layer, 

wherein said negative electrode layer includes a carbon 

layer, and a silver paste layer as a conductor layer, and 

said carbon layer contains carbon particles and a benzene 

compound shown by the chemical formula l; 

{e) electrically connecting an positive electrode terminal 

to said positive electrode body; 

(f) electrically connecting a negative electrode terminal to 

said negative electrode layer; and 

(g) disposing facing resin so as to cover said positive 

electrode body, said dielectric layer, said soli.d electrolyte 

layer, and said negative electrode layer, where each of Rl, 

R2, R3 , and R4 has H, OH group. COOR group, or alkyl. group. 

Chemical formula 1 

OH 

R4 OH 

R3 Rl 

R2 

30. A solid electrolytic capacitor when made by the method of any one of claims 
14 to 29. 


