1 DESCRI PTI ON SOLI D ELECTROLYTI C CAPACI TOR AND MANUFACTURI NG METHOD THEREOF
5 TECHNI CAL FI ELD The present invention relates to a solid electrolytic
capacitor for a variety of electronic equi pnent and manufacturing nethods
t hereof . 10 BACKGROUND ART Recent trendmﬁf digitalization in electronic
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The present invention relates to a solid electrolytic

capacitor for a variety of electronic equipment and

manufacturing methods thereof.

10
BACKGROUND ART

Recent trend of digitalization in electronic

equipment

has increasing demand for downsized capacitors with large

capacitances and low impedances in high frequency. In

15 conventional art, following capacitors are used

for high

frequency application: plastic film capacitors, mica

capacitors and multi-layered ceramic capacitors. Also,

there are aluminum dry electrolytic capacitors,

aluminum

solid electrolytic capacitors, tantaium solid electrolytic

20 capacitors or the 1like. An aluminum dry electrolytic

capacitor consists essentially of an etched aluminum anode

and a cathode rolled up into a cylinder with a separator in

between to form a device, impregnating the separator with a

liguid electrolyte.

25 Aluminum solid electrolytic capacitor or

tantalum

solid electrolytic capacitor employs a solid electrolyte to

improve performances of the aluminum dry electrolytic



2 capacitor. A nethod of manufacturing the solid electrolyte is

descri bed: an anode is dipped in nmanganese nitrate solution; the anode is
pyrol ytically deconposed in a 5 furnace with approximately 250 C to 350 C;
manganese oxide |layer as the solid electrolyte is fornmed on the anode.
Capacitors having the solid electrolyte Zhow bet t er frequency
characteristics and tenperature characteristics conpared wth capacitors
with the Ii%uid eLectronte, as 10 the solid electrolyte is free from
probl ens i nf8PRALTPD: 1iquid electrolytes such as outflows of electrolytes
ina high jenmperature, decrease in capacitgnce owing to a dry up or_
functiongde%ra 3?%8 S dﬁ?nng8u%§FﬁgﬁFﬁ§ of tRE ecFPOEYt eLlaGiddwte is
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like is formed on a surface of dielectric oxi ve netal.

Next, the sohbllcetEss ! OhukANnPMPOREd Qo1i@ONdUELivE,PRLY IS LS fRLiRg.
through: (1) an electrolytic
frequency characteristics and temperature characteristics
compared with capacitors with the 1liquid electrolyte, as

100 the solid electrolyte is free from problems inherent to
liquid electrolytes such as outflows of electrolytes in a
high temperature, decrease in capacitance owing to a dry up
or function degradations owing to hardening of electrolytes
in low temperatures.

15 Japanese Patent Laid-Open Application No. H02-130906
discloses a solid electrolytic capacitor having a solid
electrolyte composed of conductive polymers made by
polymerized from monomers such as pyrrole and thiophene.

A method of manufacturing a solid electrolyte composed

20 of conductive polymers for use in the solid electrolytic
capacitor is described below.

First, a pre coat layer composed of conductive
materials such as manganese oxide, conductive polymer or
the like is formed on a surface of dielectric oxide film of

20 a wvalve metal. Next, the solid electrolyte composed of
conductive polymers is formed through: (1) an electrolytic

polymerization by supplied electricity to the pre coat



pol ynmeri zation by supplied electricity to the pre coat 3 layer in
electrolytic solution for polynerization containing nononmer and a dopant,
or (2) a chemical polynerization by dipping the pre coat layer in

el ectrolytic solution for polynerization,containing an 5 oxidizing agent.
General ly, sulfonic acid conpounds or p%osphoric aci d conpounds are used
as the dopants to produce the solid electrolytic capacitor by the
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arises that a usabl'e rate of capacitanc eases I'S case.
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adopted, and (2) polyner is apt to be forned concentrated on edges o?

rough surf gargiutie t hetith el esdrid oxéTectiblyeicval ¥gpagddtoetal by  the
manufacturing methods. The strongly acidic dopants cited
above, however, have a problem that undoping of the dopants,

10 especially in highly humid environments, causes damages on
the dielectric oxide film of valve metal, or decreases in
product reliability due to poor forming. A measure proposed
for the problem is to use alkyl aromatic sulfone compound
or the 1like as a dopant to prevent degradation of

15 egquivalent series resistances (ESR) and capacitances caused
by undoping. Another problem, however, arises that a usable
rate of capacitance decreases in this case. The decrease in
the usable rate of capacitance is supposedly caused by the
facts that:

20 (1) polymer is apt to be bulky when dopants having a
large steric hindrance such as alkyl aromatic sulfone
compound or the like are adopted, and

(2) polymer is apt to be formed concentrated on edges
of rough surfaces of the dielectric oxide film of wvalve

25 metal.

On the other hand, although an excellent usable rate

of capacitance is obtained when a large quantity of



On the other hand, although an excellent usable rate of capacitance is
obt ai ned when a large quantity of conpounds with a snmall steric hindrance
such as sulfuric acid or the like are used as the dopants, a significant
degradation will occur in characteristics tics due to undoping of the

sul furic acid under hot and hunid envirofrents. 5 DI SCLOSURE OF THE

| NVENTI ON To sol ve the above problens, the present invention can provide a
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electrolytic capacitor, the soll ectr I'C” capacC ?Sing: an
anode 30 conposed of a valve netal whose surface is provided with a
dielectric oxide film a solid electrolyte, conposed of conductive

polymers, formed on the di ebggriosoRe & THEMrNvRNdroncat hode forned on the
solid electrolyte, and the nethod conprising: dipping the anode into
To solve the abpve problems, the present invention can
provide a so0lid electrolytic capacitor with excellent
electrical characteristics even under hot and humid
10  environments. The solid electrolytic capacitor comprises:
an anode composed of a vwvalve metal whose surface is
provided with a dielectric oxide f£ilm; a solid electrolyte,
composed of conductive polymers, formed on the dielectric
oxide film; and a cathode formed on the solid electrolyte,
15 wherein the solid electrolyte contains naphthalenesulfonate
compounds.
A method of manufacturing a solid electrolytic
capacitor,
the solid electrolytic capacitor comprising: an anode
20 composed of a valve metal whose surface is provided with a
dielectric oxide £ilm; a solid electrolyte, composed of
conductive polymers, formed on the dielectric oxide £ilm;
and a cathode formed on the solid electrolyte, and
the method comprising: dipping the anode into
25 electrolytic solution for polymerization containing monomer
to form the conductive polymers, naphthalenesulfonic acid

compounds and water; and forming the solid electrolyte on



25 electrolytic solution for polynerization containing nonomer to formthe
conductive polyners, naphthal ene sulfonic acid conpounds and water; and
forming the solid electrolyte on 5 the dielectric oxide filmby chenica

pol yneri zation or electrolytic polynerization. The solid electrolytic
capacitor is provided with excellent |ealkage current characteristics, ESR
and capacitance characteristics even 5 under hot and hum d environnents.

BRI EF DES I THE DRAW.NGS El 1 illustrates a schematic
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exanple 10 ent_invention..FIG 2 illustrates a characteristic
show ng a r%?%?%gﬁlgéggme%oﬁme%ﬂ Nof dopt vSoRd] Febectrolytic

illustrates rigtic W Ng relations tween t he content of
p-nitr ophen%%afg%i‘g %ct ?Ltosl ytslfliap%‘gol‘ﬁf n £&F trer iLeakage vscesrent G
4 illustratggafhat i Skic oW, kg tions between the content of
sulfuric aciain e esétgﬁ%?%/f i CSES?QO%E i o%gé%?lg%??/‘ﬁePﬁ’?ﬁﬁcﬁr\}?t&&ﬁac@‘f%ce
or ESR 5Fl Gin@ei! heet 434 C5umia! 8 BFdShbgSsShowi ng rel ations 20 between
the content of 2-propanol in electrolytic Solution for polynerization vs

| eakage current or polynerization tinme. FIG 6 illustrates characteristics
showi ng relations between the electrolytic polynerization voltage vs ESR
or BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic cross-sectional view

showing a solid electrolytic capacitor used in an example
10 of the present invention.

FIG. 2 illustrates a characteristic showing a relation
between the content of dopant vs ESR.

FIG. 3 illustrates characteristics showing relations
between the content of p-nitrophenol in electrolytic

15 solution for polymerization vs ESR.

FIG. 4 illustrates characteristics showing relations
between the content of sulfuric acid in electrolytic
solution for polymerization vs capacitance or ESR.

FIG. 5 illustrates characteristics showing relations

20 between the content of 2-propanol in electrolytic solution
for polymerization vs leakage current or polymerization
time. '

FIG. 6 illustrates characteristics showing relations
between the electrolytic polymerization voltage vs ESR or

25 polymerization time.
FIG. 7 illustrates characteristics showing relations

between the molar concentration ratio of dopant to sulfuric



25 polynerization tinme. FIG 7 illustrates characteristics show ng

rel ations between the nolar concentration ratio of dopant to sulfuric s
acid vs capacitance. FIG 8 illustrates a characteristic showing a rel ation
bet ween the surface tension vs capacitance. FIG 9 illustrates
characteristics showing relations 5 bet@een the content of p-nitrophenol
in electrolytic solution for polynerization vs ESR FIG 10 illustrates
characteri sti.cs_showi ng .relations between the electrolytic polynerization
vol t age VS%]%&S&S 558 £%ti on tinme. 10 DETAI LED DESCRI PTI ONS OF THE

| NVENTI ON The sgijd eé e:;# rol%‘it e cgﬁFac' tor disclosed in the present

i nvention conmprises & sott4 WHaGT o yrROEBFHEELEtLF Shewdne: @ Eelatienr s
doped with S 0 (L).. The 15 solid._.electrolytic capacitor of
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of a orderly conductive
FIG. 10 illustrates characteristics showing relations

betwgen the electrolytic polymerization voltage vs ESR or
polymerization time.
10
DETAILED DESCRIPTIONS OF THE INVENTION
The s0lid electrolytic capacitor disclosed in the
present invention comprises a solid electrolyte composéd of
conductive polymers doped with at least compound (I). The
15 solid electrolytic capacitor of the present invention has
excellent characteristics even in hot and humid
environments. This 1is because dopants having carboxyl
groups promote forming and provide the solid electrolytic
capacitor with excellent characteristics egpecially in
20 leakage current and ESR even under hot and humid
environments. Additionally, dopant with small steric
hindrance such as compound (I) is thought to be able to
form a solid electrolyte composed of a orderly conductive
polymer that would contribute to an excellent initial
20 capacitance characteristics of the solid electrolytic

capacitor.



pol ymer that would contribute to an excellent initial 25 capacitance
characteristics of the solid electrolytic capacitor. 7 m_ 1 R=l .....
(1) The content of conpound (1) to 1 nol of a nmononer that fornms the s

el ectrol yte conposed of conductive polyner

0.05to 0.5 nol. The 5 configuration can’ provide the solid electrolytic

capaci tor

with further excellent ESR and i npedance characteristics.

olid

shoul d preferably range from

Doping | ess than 0.05 nol of conpound (I) to 1 nol of a nononer that forns
the solid electrol yte conposed of conductive pol yner causes a poor ESR

characteristics due to 10 a |low electrical conductivity. Contrarily,
doping nore than 0.5 nol of conpou&gogh? Is nqt preferable, as it wll

cause poor

excess anmounts of the d¢
of conductive polyner tad
fromat |east one of pyrro
derivatives to formthe solid el ec

ESR char act er 8t e s=0W a %t%ric hindrance due to the
anoners shoul d prefETé y be sel ect
@B@ne yran, aniline and their

Those nononers can provide the solid electrolytic capacitor wi th good
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conductivity.

10

15

20

forms the solid electrolyte composed of conductive polymer
should preferably range from 0.05 to 0.5 mol. The
configuration can provide the solid electrolytic capacitor
with further excellent ESR and impedance characteristics.
Doping less than 0.05 mol of compound (I) to 1 mol of
a monomer that forms the solid electrolyte composed of
conductive polymer causes a poor ESR characteristics due to
a low electrical conductivity. Contrarily, doping more than
0.5 mol of compound (I) is not preferable, as it will also
cause poor ESR characteristics owing to a steric hindrance
due to the excess amounts of the dopant, thereby causing
regularity of the main chain of conductive polymer to lower.
Monomers should preferably be selected from at least
one of pyrrole, thiophene, furan, aniline and their
derivatives to form the so0lid electrolyte composed of
conductive polymers. Those monomers can provide the solid
electrolytic capacitor with good impedance characteristics
in high frequencies due to a high electrical conductivity.
Adding phenol derivatives to the solid electrolyte
composed of conductive polymers can provide the solid

electrolytic capacitor with a stable performance even in

al so

ther by cau5|ng regularity f the main chain

ed

éfyte conposed of conductive polyners.



Addi ng phenol derivatives to the solid electrolyte conposed of conductive
polynmers can provide the solid electrolytic capacitor with a stable
performance even in 8 hot environnents as the phenol derivatives can

i ncrease the degree of order of polyner_skel eton. Phenol derivatives
shoul d preferably be selected from at |8ast one of ni t rophenol ,
cyanophenol, hydroxybenzoic 5 acid, and hydroxyphenol. Those chem cals can

further inprqv eri Si. cs | i,d_el ectrolytic capacitor _under
hot and htr]%0 %&ﬁ@%"ﬁgﬁ%@% %édd’lblﬁgo%ﬁ%%gghge’é?'?’ggfgesége& F'Bg’ﬁelaﬁec t8em 4

of the in QN %&q | vatl cted from o-nitrophenol, 10
m ni t rolph\é%tgtl%%- r?:Df?r op ee:ﬂg{f’ \%Qllé)@%n%og]]%r%(%%%m cyanophenol , | p- (F:)yanophenol ,
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of a small stretic hindrance will alter the filling factor of forne
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usabl e rate of capacitance. Next, an exanple of the manufacturing nethod
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described in claim 4 of the invention.

Phenol derivatives are selected from: o-nitrophenol,

10 m-nitrophenol, p-nitrophenol, o-cyanophenol, m-cyanophenol,
p-cyanophenol, o-hydroxybenzoic acid; m-hydroxybenzoic acid,
p-hydroxybenzoic acid, o-hydroxyphenol, m-hydroxyphenol and
p-hydroxyphenol.

Also, sulfuric acid can be doped into the solid

15 electrolyte composed of conductive polymers. The sulfuric
acid is thought taken into the conductive polymers as a
dopant. Compounds, such as sulfuric acid, with molecular
structure of a small stretic hindrance will alter the
£filling factor of formed polymers, enabling to provide a

20 solid electrolytic capacitor with a high usable rate of
capacitance.

Next, an example of the manufacturing method of the
solid electrolytic capacitor in the present invention is
described roughly. That 1is, the conductive polymer

25 composing the solid electrolyte is formed by polymerization
using solution

involving water as solvent containing at least a monomer



descri bed roughly. That is, the conductive pol yner 25 conposing the solid
electrolyte is fornmed by pol ynerization wusing solution involving water as
sol vent containing at |east a nononer 9 and conpound (I). Especially,

form ng (or anodizing) carried out during el ectrolytic polynerization
usi ng water as base solution can provide the solid electrolytic capacitor
with further 5 excellent |eakage current characteristics, and ESR and

capaci tanc | sti.as under hum d environnents, as conpound (1)
performnms fg¥%?%é%&%§%hf ( ." Mononers shoul d preferably be sel ected from at
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shoul d preferably have the concentration in electrolytic solution  for
pol yner i zatdampowady)i (K) fperBodndl flornfing "Rry AR ltihe
Monomers should preferably be selected from at least
one .of pyrrole, thiophene, aniline and their derivatives.
10 Those monomers can provide the solid electrolytic capacitor
with excellent impedance characteristics in high
frequencies due to a higher electrical conductivity.
At least one of phenol derivatives, sulfuric acid and
alcohols can be added to the electrolytic solution for
15 polymerization. Those chemicals can provide an excellent
Capacitance usable rate and can form a solid electrolyte
with a stable film quality.
The phenol derivatives should preferably be selected
from at least one of nitrophenol, cyanophenol,
20 hydroxybenzoic acid and hydroxyphenocl, and should
preferably have the concentration in electrolytic solution
for polymerization ranging from 0.01 to 0.1 mol.. As the
phenol derivatives enhance the degree of order of polymer
skeleton, the solid electrolyte with excellent ESR and
25 capacitance characteristics is obtained.
The concentration of phenol derivatives in

electrolytic solution for polymerization of less than 0.01



phenol derivatives enhance the degree of order of polyner skeleton, the
solid electrolyte with excellent ESR and 25 capacitance characteristics is
obt ai ned. The concentration of phenol derivatives in electrolytic solution
for polynerization of less than 0.01 10 nol w Il cause decrease in heat

resi stances due to a |lower degree of order of the forned pol ymer.
Contrarily, the concentration of phenol derivatives in electrolytic

solution for ol¥£ﬁrization of nore than 0.1 nol is not 5 preferable
because pol®frer ¥zHhgCRHEReRECTEREENIMathashreslstangest dupadrer lower

pol ymeri zat i on rate%, cagsinggﬁn uneveqyfolyner t hi ckness, thereby causing
decrease i " TERKag8T UFPeht %hathet e sPEWAE -0 sEPREFAELER ¢ urtihed

eJenent%.are I%égred 10 The concentration of sulfuric
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current characteristics owing to stresses occurred when the
capacitor elements are layered.
10 The concentration of sulfuric acid in electrolytic
solution for polymerization should preferably range £rom
0.01 to 1 wt %. Doping of sulfuric acid can alter the
£illing factor of formed polymer and can contribute toc form
a solid electrolyte with a further excellent usable rate of
15  capacitance.

The concentration of sulfuric acid in electrolytic
solution for polymerization of less than 0.01 wt % will not
provide enough effects on the usable rate of capacitance.
Contrarily, the concentration of sulfuric acid in the

20 electrolytic solution for polymerization of more than 1
wt % is not preferable because doped sulfuric acid will
cause dissolution in humid conditions, causing a drastic
decrease in ESR and capacitance characteristics.

Alcohols having a carbon number ranging from 1 to 4

25 may be involved in the electrolytic solution for

polymerization and the alcohol concentration in

electrolytic solution £for polymerization should preferably



w %is not preferabl e because doped sulfuric acid wll cause dissolution
in humd conditions, causing a drastic decrease in ESR and capacitance
characteristics. Al cohols having a carbon nunber ranging from1l to 4 25
may be involved in the electrolytic sol géi on for polynerization and the
al cohol concentration in electrolytic | ution for polynerization should
preferably 11 range fromO0.5 to 20 in wt % The addition of organic

sol vent s s%%& a ol yneri zation

| coh tp t | ectrol yti | uti f
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pol ymeri zi ng current concentrates on edges, causing 15 the polfymer to have

an uneven Fy1AkWESYs L4 ebie CavghATc RANAAKAGRe ieQicsﬂéi?Chgﬁ&%i cs
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oW ng to stresses occurred when the capacitor elenents are | ayere
concent r at ializodo 13| coRobgopPl el enldotant,i ¢ s0bebp9n f Aicddy,Ter hzghion of

nore than 20 Wt % is also not preferable
alcohol, 2-butyl alcohol, 3-butyl alcohol, tert-butyl
alcohol, acetonitrile, acetone, tetrahydrofuran, ethylene
10 glycol, t-butyl lactone, dimethylformamide and
dimethylsulfoxide.

The concentration of alcohols in electrolytic solution
for polymerization of less than 0.5 wt % is not preferable
because polymerizing current concentrates on edges, causing

13  the polymer to have an uneven thickness, thereby causing
poor leakage current characteristics owing to stresses
occurred when the capacitor elements are Jlayered. The
concentration of alcohols in electrolytic solution for
polymerization of more than 20 wt % is also not preferable

20 because of a longer polymerization time due to lowered
polymerizing rate, causing productivity of the capacitor to
decrease drastically.

The solid electrolyte composed of conductive polymer
can be produced by electrolytic polymerization. The

25 electrolytic polymerization can form a conductive polymer
with a high steric order, resulting in the solid

electrolyte to have an even polymer £ilm thickness and a



20 because of a |longer polynerization tinme due to | owered polynerizing
rate, causing productivity of the capacitor to decrease drastically. The
solid electrolyte conmposed of conductive polyner can be produced by
el ectrolytic polynerization. The 25 electrolytic polynerization can forma
conductive polynmer with a high steric orter, resulting in the solid
electrolyte to have an even polyner filmthickness and a 12 high electrical
conductivity. The polymerization voltage should preferably range from1l to
3 V. The appighneleetrigel ceondwetivityhe polynerization reaction to form
a "solid electrolyte having 5 a high usable rate of capacitance. The
el ectrol ytic pol Jr@ripeiyesrizatioe |ovwktagdanshowld shmrdferalblpe range
pref erabl e because of |onger polynerization tine. The electrolytic
pol yneri zat§¥BPMvot t e Bi gher tHhf FPRA¥hes| vodtagenotabe popteshblihe
because side reactjon such 10 as electrolysis of water or the like wll
i ncrease pY erHrabion raastagncdeadiain ehapiddeslstom Igieh fesring
initiaI5ESR ca acitq%ge or. the like to decrease. Next, another exanple of
t he manuf ac?ulﬂ'ﬁb Petby Ate (i PRI EIRERrol ytic capacitor in the
pr esent inventiq\g}Il 1e5 I S deﬁ: | bed fou hl_\a/. That is, the conductive pol yner
conposi ng the sotid SEFREL? é%% PL-YBFREE2bYoR| BO-L8EGt iLoved! kari 1aii on
using - aquegkis, £l eRbEOld | GrSPLULLRD belad VEFT 15LLO" contalning
time. The electrolytic polymerization voltage higher than 3
V should also not be preferable because side reaction such
100 as electrolysis of water or the like will increase
proportionally, causing capacitor characteristics such. as
initial ESR, capacitance or the like to decrease.

Next, another example of the manufacturing method of

the solid electrolytic capacitor in the Present invention
19  is described roughly.

That is, the conductive polymer composing the solid
electrolyte is formed by electrolytic polymerization using
aqueous electrolytic solution for polymerization containing
at least a monomer, naphthalenesulfonic acid compound

20 (hereafter referred to as compound (II)) and sulfuric acid,
wherein the molar concentration ratio of compound (II) to

sulfuric acid ranges from 50 : 1 to 4 - 1, and the surface

tension is lower than 70 x 102 N/m. The method can Provide
a solid electrolytic capacitor with a high usable rate of
25 capacitance and with little decrease in characteristics

even in hot and humid conditions.



at | east a nononer, naphthal enesul fonic acid conpound 20 (hereafter
referred to as conmpound (I1)) and sulfuric acid, wherein the nolar
concentration ratio of conpound (Il1) to sulfuric acid ranges from50 : 1
to 4 : 1, and the surf ace tension is lower than 70 x 10-3 NNm The net hod
can provide a solid electrolytic capaciiBor wth a high usable rate of 25
capacitance and with little decrease in characteristics even in hot and
hum d conditions. 13 n=1 M= 0 A (OH) or (=0 The nolar concentration ratio
of conpound (I1) to sulfuric acid of larger than 50 | should not be 5

pref erabl e bec kbg&jn content of the sulfuric acid makes little

| mprovenent | rate of capagifa ce. The Tﬁbar concentration
rati o of co d sul furic achg f smaller t\han 4 1 shoul d al so

not be preferakhl e beca ? the large content of the sulfuric acid causes 10
undesired effect’s such a$¥¥ecreases inR. [ in hot and humd
conditions, deterioration of ESR or t éqﬁﬁgg}Eggﬁg?oying the electrolytic

solution for polynerization having surface tension |ower than 70 x 10-3 N'm
can inprove the wetting performance to dielectric oxide filmand can 15
provide a furth exceilent usabl e rate of capacitance. The effects;

however, to inprofe PR&EGsabBPREFREEALIOR apsrtIANQF ISpmReyndy 4K} urke acid

and adOpt|§%1§%EE%0ea%% I% l(Eg¥§er than 50 : 1 should not be

5 preferable because the smaller content of the sulfuric acid
makes little improvement in the usable rate of capacitance.
The molar concentration ratio of compound (II) to sulfuric
acid of smaller than 4 : 1 should also not be preferable
because the large content of the sulfuric acid causes

10 undesired effects such as decreases in capacitance in hot
and humid conditions, deterioration of ESR or the like.

Employing the electrolytic solution for polymerization
having surface tension lower than 70 x 10~2 N/m can improve
the wetting performance to dielectric oxide film and can

15 provide a further excellent usable rate of capacitance. The
effects, however, to improve the usable rate of capacitance
by adding sulfuric acid and adopting surface tension lower
than 70 x 10 N/m can be obtained only when the
electrolytic solution for polymerization containing

20 compound (II) is employed. On the other hand, alkyl-
naphthalenesulfonic acid added in the electrolytic solution
for polymerization will achieve no effects to improve the
usable rate of'capacitance. The result may be caused by a

difference in polymerization conditions of the conductive



than 70 x 10-3 N m can be obtained only when the electrolytic solution for
pol yneri zati on containing 20 conpound (11) is enployed. On the other hand,
al kyl - napht hal ene sul fonic acid added in the electrolytic solution for
pol yneri zation will achieve no effects to inprove the wusable rate of
capaci tance. The result may be caused byl4a difference in polynerization
conditions of the conductive 14 polyner, or by a difference in easier
concentration of the conductive polynmer on pit edges of rough surface

val ve met AOkHRER .0 ehebHi Af didhesrenceddpaneéas idppbyhognyDht 868S 08N the
external term nal and anode 5 conposed of valve netal respectively during
el ect rol yt iXCPPEILAHS | PRLYSRTCaPn previ deddes soffi dretght ralytace Capaght or
with a further higher usable rate of capacitance, and excellent inpedance
and | eakagd it dite deartdhe diffiemenden inhidgipantequenci es. 10 The fact is

t hought that voltages %Pplied on anode conposed of valve netal to form
conductive pol yPPIHing = seltadesinioh depherrabasteyminadur hadesanbde
dielectgic , oxide ilgs &rovided on the valve netal, causing internal fine
pits of °r o R HG%c 8 of VahEe vERFe et asrestively| |durim wellectondyticve

pol ymer w high el.ectrical conductivity, resulting in the solid
el ectrol yt :;9231 abazfg‘l for- Wiy BHPY eT'lF%ngoﬁéﬁbPéeF*éF@lBFlga]@@@i&péhge as

Addi t1 onal 1Tt Re FUBCRBF o oAAr Bac oL rEte 1 s GapOSedange t oand
excellent impedance and leakage current characteristics in
high frequencies.

10 The fact is thought that voltages applied on anode
composed of wvalve metal to form conductive polymer will
attract anion dopants easily to surfaces of dielectric
oxide films provided on the wvalve metal, causing internal
fine pits of rough surface of the valve metal to be filled

15  with conductive polymer with a high electrical conductivity,
resulting in the solid electrolytic capacitor having an
excellent usable rate of capacitance as well as excellent
impedance characteristics in high frequencies. Additionally,
the reduction of leakage currents is supposed due to

20  dielectric oxide films formed at the same time of applying
voltages on valve metal.

By adding organic solvents or nonionic surfactants to
control the surface tension of electrolytic solution for
polymerization to lower than 70 x 103 N/m, the solid

25 electrolytic capacitor is provided with excellent leakage
current characteristics and excellent impedance

characteristics in high frequencies. Especially,



20 dielectric oxide filnms forned at the sane tine of applying voltages on
val ve netal. By addi ng organic solvents or nonionic surfactants to control
the surface tension of electrolytic solution for polynerization to |ower
than 70 x 10-3 NNm the solid 25 electrolytic capacitor is provided with
excel l ent | eakage current characteristilés and excel |l ent inpedance
characteristics in high frequencies. Especially, 15 polynerization
reactions on edge portions are restrained, enabling to inprove surface
condi ti ons RRLYRaTAER O uEepetiops| yarer edgfh@ardiicns caver frecttaatised, e as
follows: acetylglycol surfactants, silicone surfactants, 5

pol yoxyal kydR#RYIRE ofo simpaeYans8riaraorongitiassants formedhedndaectiveni ¢
surfactants, however, used as additives to lower the surface tension are
apt to coorRFHEI&FS n cERGuct PORLOBEE y nefrfaghiants cagseng ddor Hoddewance

characteristics in 10 high frequencies and little effects on reduction in
| eakage (HRQQﬁK%giﬂﬁP%O no FREEFGFMR SN pol yFRLLESRPON r edTT@FtaRtSedges.

Phenol derivatives added in electrolytic solution_for polynerization can
providega<§§iﬁﬁﬁ¥§i}éiﬁ%ﬁé;y%§irl%PX%%PE?%Eﬁe f FLHPTRasE actANEfot ABY
nanufacturi{E% t.hod using conpound (I1) of the present invention, the

phenol deriva ives shoul d preferably be selected fromat | east one of:

hi trophenol, Ionic surfactants, however, used as additives to lower

the surface tension are apt to coordinate in conductive
polymers easily, causing poor impedance characteristics in
10 high frequencies and little effects on reduction in leakage
currents due to no restraint on polymerization reaction on
edges.
Phenol derivatives added in electrolytic solution for
pdlymeriZation can provide a conductive polymer with a
15 stable film quality.

In another manufacturing method using compound (IT)
of the present invention, the phenol derivatives should
preferably be selected from at least one of: nitrophenol,
cyanophenol, hydroxybenzoic acid and hydroxyphenol and the

20  concentration of phenol derivatives in electrolytic
solution for polymerization should preferably range from
0.001 to 0.2 mol. Enhancing the order of polymer skeleton,
the phenol derivative can provide the solid electrolyte
with a further excellent ESR ' and capacitance

25 characteristics in hot and humid conditioms.

The concentration of phenol derivatives in

electrolytic solution for polymerization smaller than 0.001



cyanophenol , hydroxybenzoi ¢ acid and hydroxyphenol and the 20 concentration
of phenol derivatives in electrolytic solution for polynerization shoul d
preferably range from 0.001 to 0.2 nol. Enhancing the order of polyner
skel eton, the phenol derivative can provide the solid electrolyte wth a
further excellent ESR' and capacitancel625 characteristics in hot and
hum d conditions. The concentration of phenol derivatives in electrolytic
solution for_polynerization_smaller than 0.001 16 nol will cause decreases
in heat re®Pst dikkl oWaiget cdecreases dayr beasf vesbstaice heovigrgretopa yner.
On the contrary, the concentration of phenol derivatives in the

el ect r ol yt 18¥€El L€PFFLe oroholofferi z 8Ei ofihgr cbeERedharp Wmes. np| OR s st
preferabl e because polynerizing current concentrates on edges due to a
faster pol 9%FF%§¥+0$I{% goncelli¥phgonn AnePBEPS VIRFLTRT kKGR sED tihe eby

causi ng degregse ig,lea%agﬁafurr nt characteristics owng to _stresses
occurred wWhtRCER8IEL PG Cid P Hodymerdrationy gxeateri dhered@ ol ytic

Fiim & SHPTG oFEct PRty [ cOP R BraPbpodt i oS on BRLTRGE L AaPgmer CORFRIE o

CoLroce | RUShCARLIRGE°RENRY 1l 10 B URRR SRR T gl

ggggghhdAffgﬁggﬁb;r%@?Lgﬂgﬁg% ?éﬁ&lﬁ&&ﬂp %ﬁﬁ%&n@%&,go%%eééﬂ§ﬁ'E%uéﬂ&;dOped
decrease in 1leakage current characteristics owing to
stresses occurred when the capacitor elements are layered.

10 The solid electrolytic capacitor disclosed in the
present invention comprises: a dielectric oxide film;. a
solid electrolyte layer composed of conductive polymer; and
a cathode layer formed sequentially on an anode made from
valve metal, wherein the conductive polymer includes at

15 least compound (I) as a dopant.

As dopants having carboxyl group carry out good
forming, the doped compound (I) can provide a solid
electrolytic capacitor with excellent 1leakage current
characteristics and other characteristics under hot and

20 humid environments. Moreover, the solid electrolytic
capacitor comprising: a dielectric oxide film; a solid
electrolyte layer composed of conductive polymer; and a
cathode layer formed sequentially on an anode made from
valve metal, is prepared by electrolytic polymerization

25 using solution involving water as solvent for

polymerizatiop. The solution contains at least a monomer,

compound (II) and sulfuric acid, wherein the molar



el ectrolytic capacitor with excellent | eakage current characteristics and
ot her characteristics under hot and 20 hum d environnents. Moreover, the
solid electrolytic capacitor conprising: a dielectric oxide film a solid
el ectrolyte | ayer conposed of conductive polyner; and a cathode |ayer
- forned sequentially on an anode nade frafh valve netal, is prepared by

el ectrolytic polynerization 25 using solution involving water as sol vent
for polynerization. The solution contains at |east a nononmer, conpound
(11) and s&ongendradign whatéen pfe gompound codident tati smlfario ofcid
conmpound (I1) to sulfuric acid ranges from50 . | to 4 : 1, and the surf
ace tensi offgnges| oigam t Bén :70L xteo-B N h. B nbhaodunfings ovénsion sbéi d
el ectrolytic capacitor with a high usable rate of 5 capacitance. The solid
el ect rol yt ®vweapadamr 7@ scll@sedNim.t h&heprrestd | paantmnoviide dessolbédd
with reference to_the exaqyleg but the_present .invention is not so limted

to the ex&MCETCYHLE G CIPIHLYRT a4 ¥ifdnat®c &igks- sBeePéRal Ratéw o®ft he

solid electrolytic capacitor used in the exanples of the present
i nvent i ‘dn. BPATEF R num foil or sintered tantalumwith a lead wire is
used as anode 1 n t

Subsequent |y, 1Eh30lﬁgigpeiué%%&%@g%%égﬁ;%éﬁagﬁ%ggoahggbﬁﬁéaﬂgfgﬁggf?%

for med andp(i%ts%(ﬁqe tﬁygn@%nse% Orhecsoc,[mﬁ?ee&j %iﬁ?r bggference to the
examples but the present invention is not so limited to the
examples,

10 FIG. 1 shows a schematic cross-sectional view of the
solid electrolytic capacitor used in the examples of the
pbresent invention. Etched aluminum foil or sintered
tantalum with a lead wire is used as anode 1, on that
surface dielectric oxide film 2 is formed. Subsequently,

15  solid electrolyte 3 composed of conductive polymer is
formed and cathode terminal section composed of carbon
layer 4 and silver layer 5 is formed. Then, by packaging
externally wusing epoxy resin, not shown, the solid
electrolytic capacitors described in the examples are

20 prepared.

Next, the examples are explained specifically.

Compound (I) (m=2 and n=1)} is used in examples 1 through 4.

( EXAMPLE 1)
25 Etched aluminum foil dimensioned of 3 mm x 4 mm
attached with a lead wire is used as an anode. Dielectric

oxXide film 2 is formed on a surface of the etched aluminum



| ayer 4 and silver layer 5 is fornmed. Then, by packaging externally using
epoxy resin, not shown, the solid electrolytic capacitors described in the
exanples are 20 prepared. Next, the exanples are explai ned specifically.
Compound (1) (me2 and n=l) is used in exanples 1 through 4. EXAMPLE 1) 25
Et ched al um num foil dinmensioned of 3 nigx 4 nm attached with a lead wire
I's used as an anode. Dielectric oxide f ilm2 is f ormed on a surf ace of
the etched alum num 18 foil by dipping the etched alumnumfoil into
solution £oidl vbyng digipeimg othai ne tigh&d Yoadfunainmni ®widdi pate feslution

anodi zation at 12V and at the solution tenperature 70C for 60 m nutes.
After di ppingocamddgzedaeexherdlaimimgn Boi ¢t loh iammealisdm oadipabé vifiog wat er
contai ning 30 % nanganese nitrate, anodized etched alumnumfoil 1 is
pul | ed out anbdithtisnl ati A2Vf emdaiat drhye ngolwahton stémpatrbyupe ozeSSaibd or

t hermal deconposition at 300C for 10 mnutes to form nanganese oxi de
conposi ng &%p&inudesso| iAftEedinming gnodigedhetched| alvovinum dodilnd wat er
for polynerization conposed of 0.5 nol/L of ethylenedi oxythi ophene nononer
and 0.9 3R/ LSBLugdRBouhBVPLYing=2wakel) ¢enpRéhiRed 39 f%r Mnanganess i d
electrolyte., Atermnal to initiate ol ynerization is placed close to a
surface of PihEateehérors zad R e O?E‘JIL“ ey, Fodde k5ol dPalLdedr Mt €3 at 2

V and sol ion tenperature of 25C in the el ectralytic solution
%Le solution éjor a];i.r rying, an& gs fi¥1ally processed for

thermal decomposition at 300°C for 10 minutes +to form
manganese oxide composing a part of solid electrolyte 3 .

10 Then, solution involving water for polymerization
composed of 0.5 mol/L of ethylenedioxythiophene monomer and
0.1 mol/L of compound (I) (m=2, n=1) is prepared to form
the solid electrolyte. A terminal to initiate
polymerization is placed close to a surface of the etched

159 aluminum foil to form the solid electrolyte 3 at 2 V and
solution temperature of 25°C in the electrolytic solution
for polymerization. The content of compound (I) {(m=2 and
n=1l) to 1 mol of monomer composing the conductive polymer
in solid electrolyte 3 is 0.3 mol.

20 Subsequently, a coated carbon is dried to form carbon
layer 4 on the so0lid electrolyte and then a coated silver
paste is dried to form silver layer 5 on carbon layer 4,
forming a cathode terminal section using both two layers.
Then, with packaging externally using epoxy resin, not

25 shown, 10 pieces of solid electrolytic capacitors with the

ratings of 6.3V, 10 pF are prepared.



for polynerization. The content of conpound (1) (m2 and n=1) to 1 nol of
nmonomer conposi ng the conductive polynmer in solid electrolyte 3 is 0.3
nol. 20 Subsequently, a coated carbon is dried to formcarbon |ayer 4 on
the solid electrolyte and then a coated silver paste is dried to form
silver layer 5 on carbon |ayer 4, fornilfg a cathode term nal section using
both two | ayers. Then, w th packaging externally using epoxy resin, not 25
shown, 10 pieces of solid electrolytic capacitors with the ratings of

6.3V, 10 F(aE&2MPEBaRked. 19 ( EXAMPLE 2) By the nethod sinilar to exanple
1, the etched alumnumfoil is anodized to formdielectric oxide film 2.
The anodi zed et B¥ed thleunimedinotdoi |siimd liamertyed examplait i bn Sthavodvehgd wat er
contai ning 5%.of water-soluble polyaniline, and is then heat-treated at
200C for 181WrAntEs fodlf dism anodirrilictpy Eopml dielessmiesianide piirdm of. t he
solid electrolyte 3. Then, solution involving water as solvent for

pol yneri zatPén dediAsd ngtehes sadgmipups 84k oie iomesEeferimngoitoion nol / L
of cormq)und %Ié rng=2, n:%) is prepared to formthe solid electrolyte. The
solid €l ectPYPYVHBIc HFLErt GONEIR BT % FhderteRoFel b b sPeivanriling,
exanpl e 1 except the condition of solutiop involving water as sol vent for
pol yner | za?Pgn.:"slSﬂ'(e‘E)&ﬁ\ﬁ'é:%‘?ated at 200°C for 10 minutes to form a

conductive polymer <composing a part of the solid
electrolyte 3. Then, solution inveolving water as solvent
for polymerization dissolving a 0.5 mol/L of pyrrole
10 monomer and a 0.1 mol/L of compound (I) (m=2, n=l) is
prepared to form the solid electrolyte.
| The solid electrolytic capacitor 1is prepared under
conditions similar to example 1 except the condition of
solution invelving water as solvent for polymerization.
15
( EXAMPLE 3)
By the method similar to example 1, a manganese oxide
film composing a part of the solid electrolyte is formed on
a surface of the anodized etched aluminum foil. Then,
20 solution involving ethanol for polymerization dissolving a
0.5 mol/L of ethylenedioxythiophene monomer and a 0.lmol/L
of compound (I) (m=2, n=1)} is prepared to form the solid
electrolyte.
The solid electrolytic capacitor is prepared under
20 conditions similar to example 1 except the condition of

solution for polymerization.



By the nethod simlar to exanple 1, a manganese oxide film conposing a
part of the solid electrolyte is formed on a surface of the anodi zed
etched alum num foil. Then, 20 solution involving ethanol for

pol yneri zation dissolving a 0.5 mol/L of ethyl enedi oxythi ophene nononer
and a O.lmol/L of conpound (1) (m2, n2D) is prepared to formthe solid
electrolyte. The solid electrolytic capacitor is prepared under 25
conditions simlar to exanple 1 except the condition of solution for

pol yneri zatl &XAMRLEMAMPLE 4) By the nmethod similar to exanple 1, the
etched alumnumfoil is anodized to formdielectric oxide film2. Then
t he anodi zed et d¥%d HWauninefhddi |similamerted erampbel. @,% the etched
pol yet hyl enedi oxyt hi ophene wat er -al cohol m xed solution containing it of
conpound ( IB1YHEAm EOdT ol 8noglizedhitedfomobimlentrinf t exigel Fihy DUt of
the solutiqQp, the anodized etched alumnumfoil is dried at 150C for 5
ni nut es to%"m Eheamiodirzed ebhedd alumigwiny oEpjlerietli dRpelisephame. a
Subsequgntlyxlth anodi.zed_ etched alum numfoil is imersed in solution

i nvol vi hg Weiter s QIR RYIRPEA Ry thigphensl | L water-aloohol  mixed

et hyl enedi t hi.ophene,. a heterpocyclic nononer;_1 nol/L of p-ferric
t ol uenesul %ﬁiﬁqé D e LR S 1§§a95 SRR G (B hidsRel P=4)pcndre i%i ng

sol vent. Afogﬁerbiu[&gﬂ icQJgnp%lﬁten%f. tggtggl B%E&tht ggtaggditlzlgd sgaﬁgggn?l éjhnci. nam

anodized etched aluminum foil is dried at 150°C for 5
minutes to form a layer of sulfonated

10 polyethylenedioxythiophene.
Subsequently, the anodized etched aluminum foil is
immersed in solution involving water as solvent containing:
0.5 mol/L of ethylenedioxythiophene, a heterocyclic
monomer; 1 mol/L of p-ferric toluenesulfonate, an oxidant;
15 and 2 mol/L of n-butancl, a polymerizing solvent. After
pulling out of the solution, the anodized etched aluminum
foil is left at 85°C for 60 minutes to form a solid
electrolyte composed of polyethylenedioxythiophene that is
@ chemically polymerized conductive polymer. The solid
20 electrolytic capacitor is prepared under conditions similar

to example 1 except the above.

(COMPARATIVE EXAMPLE 1)
By the method similar to example 1, a dielectric oxide
25 film is formed on an outer surface of an etched aluminum
foil to act as an anode, then a conductive pre-coat

composing a part of the solid electrolyte is formed by heat



foil is left at 85C for 60 mnutes to forma solid electrolyte conposed of
pol yet hyl enedi oxyt hi ophene that is a chemcally polynerized conductive

pol ymer. The solid 20 electrolytic capacitor is prepared under conditions
simlar to exanple 1 except the above. (COVWARATIVE EXAMPLE 1) By the
method simlar to exanple 1, a dielectrgf oxide 25 filmis forned on an
outer surface of an etched alumnumfoil to act as an anode, then a
conductive pre-coat conposing a part of the solid electrolyte is forned by

heat 21 treabaenéstsSubsaberiguentIql,ut kenuitival VingoMetiay fRater for

pol ymeri zation dissolving 0.5 nol/L of pyrrole nononer and 0.1 nol/L of
sodi um but pbhgphtrhabeneaulifiesiodvaaigd 0.5 MoEar o tpyriel® sWrndher and

el ectrolytes. Atermnal to initiate 5 polynerization is placed close to a
surface of Othe @lodfEnt of 0 $odinunhebsdlyildaph¢btlengicalfondel utdadd is
tenperature of 25C and at polynerization voltage of 2 Vin the

el ectrol yt breperedi 6n formpepyidr ptectvanlyBabsequebeinyindl to hinieitated
simlar_to exanple 1, a carbon layer and a 10 silver layer are fornmed to
make up’ a PelNBaEizatiPRais dadesh cloae tbenapsticdgcrg ofxtidre s lemetd
pieces of solid electrolytic capacitors are prepared. EXAVPLE 5) 15

Tant al um psRdefommbr ke &fiddtetlenEroiibe @#tporeivhior tempexiainreead wire

surfaces is §intered to forman anode of 1.4 mmthick, 3.0 mmw de and 3.8
mm | ong. TR& @nodkdjsat polymerization voltage of 2 V in the

electrolytic solution for polymerization. Subsequently, by
the method similar to example 1, a carbon layer and a
10 silver layer are formed to make up a cathode terminal
section, and then packaging externally 10 pieces of solid

electrolytic capacitors are prepared.

( EXAMPLE 5)
15 Tantalum powder formed embedded such that a portion of
tantalum lead wire surfaces is sintered to form an anode of
1.4 mm thick, 3.0 mm wide and 3.8 mm long. The anode is
immersed in agqueous phosphoric soluticn to form a
dielectric oxide film on the anode surface by applying 20 V
20 for a forming (anodizing) reaction.
Subsequently, the anpde is immersed for 5 minutes in
aqueous ethylene glycol solution dissolving pyrrole, a
heterocyclic monomer, and compound (I} (m=2, n=1). After
pulling out of the solution, the anocde is immediately
25 immersed for 10 minutes in oxidizing solution composed of
ethylene glycol solution involving water dissolving ferrous

sulfate (III), an oxidant. Then, pulling out of the



I mmer sed in aqueous phosphoric solution to forma dielectric oxide filmon
the anode surface by applying 20 V 20 for a formng (anodizing) reaction.
Subsequently, the anode is imersed for 5 mnutes in aqueous ethyl ene

gl ycol solution dissolving pyrrole, a heterocyclic nononer, and conpound
(1) (mF2, n=1). After pulling out of tdmwe solution, the anode i s

I mredi ately 25 imrersed for 10 mnutes in oxidizing solution conposed of

et hyl ene glycol solution involving water dissolving ferrous sulfate (I11),
an oxi dantoxildeninguldding iy, othéheanblieoxiidi zivaghsd! Woronforhenanade i s
washed for formng for restoration and is dried at 100C. Repeating 10 tines
of serialrepespatoos BhaAMism@rseddaitn 100°cel edepading 50! Wimes fodr

pol ynmeri zation to the form ng for restoration, 5 a solid electrolyte
conposed aferxbabiucbpesagdopser firom f oimeelrsNegt , in sihfeaceeldctivdyddld d
electrolyte is inpregnated with solution involving water containing 2 wt %
of carbon patettorsfandp2lymevdshtppnogel Itdle dnrmpgmepaied 1és tergidiod by
addi ng ammonia, and is dried at 150C to forma carbon layer. A conductive
sil ver Jpaste $o}ifd |eleatrolybpl i eempesedhe efir berndugicive o prkEmen tise
capacitor elenent. Next, the tantalumlead wire is connected to the anode
15 term nafoHRA@da cathode terninal is connected to the cathode of

capacitor elenment via a conductive adhe5|ve The solid )
Next, a surface the solid electrolyte is

impregnated with solution involving water containing 2 wit %

of carbon particles and 2 wt % of pyrogallol and prepared

10 to pH10 by adding ammonia, and is dried at 150°C to form a

carbon layer. A conductive silver paste layer is then

applied on the carbon layer to make up the capacitor
element.

Next, the tantalum lead wire is connected to the anode

-15 terminal and a cathode terminal is connected to the cathode

of capacitor element via a conductive adhesive. The solid

electrolytic capacitor is finished after covering the whole

with a packaging resin such that portions of the anode and

cathode terminals are exposed (D size: 7.3 x 4.3 x 2.8 mm).

20
{ COMPARATIVE EXAMPLE 2)

By the method similar to example 5, a dielectric oxide
film is formed on the anode composed of tantalum. In this
comparative example 2, to form the solid electrolyte, the

25 anode provided with the dielectric oxide £ilm is once
immersed into solution for polymerization for 5 minutes,

and is then pulled out of the solution. The solution is



el ectrolytic capacitor is finished after covering the whole wth a
packagi ng resin such that portions of the anode and cathode termnals are
exposed (D size: 7.3 x 4.3 x 2.8 mm). 20 ( COMPARATI VE EXAMPLE 2) By the
method simlar to exanple 5, a dielectric oxide filmis forned on the
anode conposed of tantalum In this caoggparative exanple 2, to formthe
solid electrolyte, the 25 anode provided with the dielectric oxide filmis
once imersed into solution for polynerization for 5 mnutes, and is then
pul | ed outedhylége SOlgulyicon. TheLsEiett i OAnkvs123ngt hywatr gl 360! swakehiton

I nvol ving water as solvent containing pyrrole, a heterocyclic nononer, and
sodi um bu¢yhbaphihal epestdIoni ca adiskeddieycinic d ndemigm) ytdml cayddaint or 1S
prepared under conditions simlar to exanple 5 5 except the above

condi t i onsbébyshaphtHaBeneguBfon?c 8 avid. ( MeaSheenanilsidof BSctrailyedcand
capaci tances) Table 1 shows initial characteristics and ESR values after
hum dity tespactfoer 98%prép8r¥danddbplconsitiohst isdmilarsdio cexampder 8l ytic
capacitors described in exanples 1 through 5 and conparative exanples 1 and
2. ESRWal eesept etherabove dcend18DoksHz({D Tate: 17 EBR Gaphiol t2aricem)nQ) ([ LF )

(Measurements of ESR values and capacitances)
Table 1 shows initial characteristics and ESR values
after humidity test (60°C, 90%, 6.3 V and 500 hrs.) of the
10 solid electrolytic capacitors described in examples 1
through 5 and comparative examples 1 and 2. ESR values are

measured at 100 kH=z.

Table 1

ESR Capacitance

{m€2) (uF)

Initial After test Initial

Example 1 53 62 10.2
Example 2 58 68 10.5
Example 3 55 §0 10.5
Example 4 58 85 10.0
Example 5 86 99 20.4
Comparison 1 54 256 7.9
Comparison 2 95 112 17.3

Table 1 shows clearly that ESR characteristics in
15 comparative example 1 become worse significantly after the
humidity test compared with those in examples 1 through 4.

This proves that compound (I) performs good f£forming for



Initial After testlinitial Exanple 1536210.2 Exanple 2586810.5 Exanpl e
3558010. 5 Exanpl e 4588510. 0 Exanpl e 5869920. 4 Conpari son 1542567.9
Conparison 29511217.3 Table 1 shows clearly that ESR characteristics in 15
conparative exanple 1 becone worse significantly after the humdity test
conpared with those in exanples | through 4. This proves that conpound (1)
perfornms good formng for 24 alum num while sodium :
but yl napht hal enesul fonic acid, used as a dopant, has a great influence to
decr ease ESRumdhamactwariilsd i s6diamhbuitdilnaphesial eheasud@mad sadidet uesn
exanple 1 and exanple 2 shows 5 that a water-soluble polyaniline to act as
a conductiwes @Ol Hupantonpdsing 4 hegseat d HiEThentyt etoandpeogase ESR
equi val ent ESR characteristics. Conparison between exanple 1 and exanple 3
proves t hachawacéeristansefibebinidilbysdéestl.vent, as ESR characteristics 10
after humdity test tend to be worse with electrolytic solution for
pol yneri zati on ddengampanisom | bebWeengexampdeoll dbde@xrampliehe? seihdws
el ectrolytes prepared in exanple 4 using a chem cal polynerization with an
oxi dant ® cathét nayarater-soluble polyaniline to act as a conductive
polymer composing the solid electrolyte can provide
equivalent ESR characteristics.
Comparison between example 1 and example 3 proves that
water is an effective base solvent, as ESR characteristics
10  after humidity test tend to be worse with electrolytic
solution for @polymerization using solution involving
ethanol.
Moreover, the solid electrolytes prepared in example 4
using a chemical polymerization with an oxidant cannot have
15 ESR characteristics eqguivalent to example 1. This proves
that electrolytic polymerization is superior to chemical
polymerization to provide the so0lid electrolytic capacitor
with excellent properties. Additionally, the comparisons
between example 1 and comparative example 1, and between
20 example 5 and comparative example 2 prove that bulky dopant
such as sodium butylnaphthalenesulfonic acid causes a

significant decrease in 1initial capacitances owing to

difficulties to produce orderly conductive polymers.

25 ( EXAMPLE 6)
In example 2, 10 pieces each of the solid electrolytic

capacitors are prepared by the method similar to example 2



15 ESR characteristics equivalent to exanple 1. This proves that

el ectrolytic polynerization is superior to chemcal polynerization to
provide the solid electrolytic capacitor wth excellent properties.
Additionally, the conparisons between exanple 1 and conparative exanple 1,
and between 20 exanple 5 and conparati v exanple 2 prove that bul ky dopant
such as sodi um but yl napht hal enesul foni c acid causes a significant decrease
ininitial capacitances owing to difficulties to produce orderly

conduct i veepobjyter sonbnf EXAMPEEmPpuhd exXanpl €o2, 110 npilecasf eamhoadert he
solid electrolytic capacitors are prepared by the nmethod simlar to
exanpl e 2 Qompasinpy contiecticve quiigomex tayied Tarod.odlpodomdr Oc@BROSi ng
conductive polynmer varied to 0.001, 0.01, 0.05, 0.1, 0.5, and 0.7 nol
respectivelyl, Tabbe andottemobfrespeotidely) Initial ESR (nol)(nmQ 0.00196
0.0171 0.0533 0.130 0.534 0.759 5

Table 2
Content of compound (I) Initial ESR
(mol) (mQ)
0.001 96
0.01 71
0.05 33
0.1 30
0.5 34
0.7 59
) Table 2 and FIG. 2 show the relation between content

of compound (I) and initial ESR values of the solid
electrolytic capacitors. ESR values are measured at 100 kHz.
FIG. 2 proves clearly that solid electrolytic
capacitors have excellent ESR characteristics with the

10 content of compound (I) to 1 mol of monomer composing
conductive polymer ranging from 0.05 to 0.5 mol, but the

ESR characterisitics tend to be worse with the content of
less than 0.05 mol or more than 0.5 mol. Therefore, to
enable the solid electreolytic capacitors to have further

15 excellent ESR and impedance characteristics by using
compound (i), the content of compound (I) to 1 mol of
monomer composing conductive polymer should preferably be

controlled in a range from 0.05 to 0.5 mol.



Table 2 and FIG 2 show the relation between content of conpound (1) and
initial ESR values of the solid electrolytic capacitors. ESR val ues are
nmeasured at 100 kHz. FIG 2 proves clearly that solid electrolytic
capacitors have excellent ESR characteristics with the 10 content of
compound (1) to 1 nol of nononer conposg@g conductive polymer ranging from
0.05to 0.5 not, but the ESR characteristics tend to be worse with the
content of less than 0.05 nol or nore than 0.5 nol. Therefore, to enable
the solid el grhmpLEt¥§ capacitors to have further 15 excellent ESR and
i npedance characteristics by using conpound (1), the content of conpound
(1) to 1 nol of InneramplecayPesdi pd ecerdetidhy @M ARETES o B0 W e PERS1 3R ¥ be
controlled in a range from0.05 to 0.5 nmol. 26 { EXAMPLE 7) In exanple 1,
10 pi eces eaphcototheasel piepheeid Wyitlte mepRsdt eimiane Roe a1y 1t he
method simlar to exanple 1 except content of p-nitrophenol into the
el ectrol yt egcépsol abntantor ofiol preriitzephenolar iietd 0 théd0leldc il ytdld01l,
0.05, 0.1, and 0.2 nol respectively for formng solid electrolytes with
p- ni t r dbheaolutdnnaifived polywaniizatien peryedr qrar0iadly. 0TA0Se D.0ant ent
Initial ESR ESR after 1000

0.05, 0.1, and 0.2 mol respectively for forming solid

electrolytes with p-nitrophenol contained in conductive

polymer partially.

Table 3
Content Initial ESR ESR after 1000
'(mol) (mQ) hrs.
(mQ)
0 30 188
0.001 28 110
0.005 29 80
0.01 30 37
0.05 33 38
0.1 30 35
0.2 70 85
10 Table 3 and FIG. 3 shows ESR characteristics for

initial and after a hot no-load test (125°C, 1000 hours).

ESR wvalues are measured at 100 kHz.

{ EXAMPLE 8)
15 In example 1, 10 pieces each of the solid electrolytic
capacitors are prepared by the method similar to example 1

except content of sulfuric acid to the electrolytic



(mot) (MO hrs. (nmQ 030188 0.00128110 0.0052980 0.013037 0.053338 0.13035
0.27085 10 Table 3 and FIG 3 shows ESR characteristics for initial and
after a hot no-load test (125C, 1000 hours). ESR val ues are neasured at
100 kHz. { EXAMPLE 8) 15 In exanple 1, 10 pieces each of the solid

el ectrolytic capacitors are prepared bgp7the nethod simlar to exanple 1
except content of sulfuric acid to the electrolytic 27 solution for

pol ynmeri zation varied to 0.005, 0.01, 0.1, 1.0, 1.5 and. 2.0 wt %

r espect i velsplfudm.oho fioim g oyt i ze teioinr otatiesl widé ho sabs urocoagi o, Tont a ned
i n conductive polyner partially. 5 Table 4 and FIG 4 shows initial
capaci t ancd .5chaamdt erd.$t i cwtands ESRespealctiéseflgr | fioti alfamiimf t esohid
hum dity test (60C, 90% 6.3 V, 500 hours) of the solid electrolytic
capaci t or s elegtaoilvirseswikbh nsatfmedc atadidd ddaaized ESR vebnéschive
measured at 100 kHz. In FIG 4, 10 right-hand vertical axis represents
capaci t anc®elyarer- paggially.

] Table 4 and FIG. 4 shows initial capacitance
characteristics and ESR. values for initial and after a
humidity test (60°C, 90%, 6.3 V, 500 hours) of the solid
electrolytic capacitors. Capacitances are measured at 120
kHz, and ESR wvalues are measured at 100 kH=z. In FIG. 4,

10 right-hand vertical axis represents capacitance, left-hand
vertical axis represents ESR values and horizontal axis

represents content of sulfuric acid.

Table 4
Content Initial ESR ESR after 500 Capacitance
(wt %) {me2) hrs. (pF)
(mS2)
0 45 55 10.01
0.005 40 50 10.05
0.01 36 44 11.56
0.1 37 45 11.39
1 37 48 11.89
1.5 34 90 12.19
2 34 185 12,02
15 FIG. 3 proves clearly that the so0lid electrolytic

capacitors with content of p-nitrophenol ranging from 0.01

to 0.1 mol have excellent ESR characteristics and that the



vertical axis represents ESR val ues and horizontal axis represents content
of sulfuric acid. Table 4 Content Initial ESR ESR after 500 Capacitance (w
%)(mMQ )hrs.( ,F ) 0455510.01 0.005405010.05 0.01364411.56 0.1374511. 39
1374811.89 1.5349012.19 23418512.02 15 FIG 3 proves clearly that the solid
electrolytic capacitors with content o#gp-nitrophenol ranging fromO.01
to 0.1 nol have excellent ESR characteristics and that the 28 ESR
characteristics tend to be worse with the content of 1|ess than 0.01 nol or
nore than PSR mtarabdteprietide tébd@r ébortes wbeseolwiklel enér doyiteat of
capacitors with stable characteristics even under hot conditions by adding
p 5 nitropheasl tmhcaudingmbd her ghbee tthkaor derl ofmofal yneo msketisiegn, the
content of p-nitrophenol should preferably range fromO0.01 to 0.1 not.
Fol | owi ng thereiove, itie exdldd pebectophehdt, dmperitors with stable
characteristics even under hot conditions by adding p-

9 nitrophenol and causing to heighten the order of polymer
skeleton, the content of p-nitrophenol should preferably
range from 0.01 to 0.1 mol.

Following additives, instead of p-nitrophenol, have
been evaluated as showing the similar effects: p-

10 eyanophenol, p-hydroxybenzoic acid and p-hydroxyphenol.

FIG. 4 proves clearly that the solid electrolytic
capacitors with 0.01 to 1 wt % of sulfuric acid have
excellent capacitance characteristics as well as properties
under a high humidity. The capacitances show poor values

15 with the sulfuric acid content of less than 0.0l wt %, and
contrarily, ESR characteristics tend to be worse in
humidity test with sulfuric acid content of more than 1
wt %. Therefore, to provide the so0lid electrolytic
capacitor with an increased usable rate of capacitance as

20 well as a high moisture resistance by improving the filling

ratio of <formed polymer, the content of sulfuric acid

should preferably range from 0.01 to 1 wt %.

{ EXAMPLE 9)
2b In example 1, 10 pieces each of the solid electrolytic
capacitors are prepared by the method similar to example 1

except content of 2-propanol into the solution Ffor



been eval uated as showing the simlar effects: p- 10 cyanophenol,

p- hydr oxybenzoi ¢ acid and p-hydroxyphenol. FIG 4 proves clearly that the
solid electrolytic capacitors with 0.01 to 1 w %of sulfuric acid have
excel | ent capacitance characteristics as well as properties under a high
hum dity. The capacitances show poor vabges 15 with the sulfuric acid
content of less than 0.01 w % and contrarily, ESR characteristics tend
to be worse in humdity test with sulfuric acid content of nore than 1 w

% Theref opelyhmerpeavien waeisd itb ebecirolgtia, capackbor andt Beart 3
I ncreased usable rate of capacitance as 20 well as a high noisture
resi st ancerbgpeopioeilpggfbhefbirmihggsolatii @1atttentedspol yner, the content
of sulfuric acid should preferably range from0.01 to 1 w % { EXAMPLE 9)
25 I n exanpl e 1Tablepi 8ceandacRIGL t Be shbwd &heéciabl yleakagapacutdst are
prepared by the nethod simlar to exanple 1 except content of 2-propanol
into the soharagtiefrdst20spol§ndri ¥ati dn manutd twvabué) 005, thelOsoR{ and
30 wt % respectively for formng solid electrolytes. Table 5 and FIG 5
show i M t i glecsaraysicurcapacitons act ofi sFil6s (5. 3 nMght-and eventiedl of
the solid electrolytic capacitors. In FIG 5, right-hand vertical axis
r epr esent s 2F3By RANZASERGS ROlYReXistnpg (émei cdlefixhand eppebicrnls dvbkage
currents, and horizontal axis represents content of 2-propanol.
represents leakage currents, and horizontal axis represents
.content of 2-propanol.
FIG. 5 proves clearly that the solid electrolytic
10 capacitors with 2-propanol content ranging from 0.5 to 20
wt % have excellent leakage current characteristics. The
leakage current characteristics tend to be worse with the
content of less than 0.5 wt %. Contrarily, 2-propanol
content of more than 20 wt % causes a longer polymerizing
15 +time owing to poorer polymerization reactions. To provide,
therefore, the so0lid electrolytic capacitors with excellent
leakage current characteristics by doping organic solvents
such as alcohols into the electrolytic solution for
polymerization to restrain the polymerization reaction,
20 preventing currents from concentrating on edges, thereby
improving surface conditions of conductive polymer, 2-

propanol content should preferably range from 0.5 to 20

wt %.

25



FIG 5 proves clearly that the solid electrolytic
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Following organic sclvents instead of 2-propanol have

been estimated as capable of providing the similar effects:

methyl alcohol,

alcohol,

acetone tetrahydrofuran,

ethyl alcohol,

2-butyl alcohol, tert-butyl alcchol,

n-propyl alcohol,

ethylene glyceol,

n-butyl
acetonitrile,

vy-butyl lactone

dimethyl formamide and dimethyl sulfoxide.

( EXAMPLE 10)

In example 1,

10 pieces each of the solid electrolytic

capacitors are prepared by the method similar to example 1

except polymerization voltages varied to 0.5,

1, 2, 3 and 5

V respectively for electrolytic polymerization.

Table 6 and FIG.

ESR wvalues are measured at 100 kHz.

vertical axis

vertical axis represents initial ESR wvalues,

axis represents polymerization voltages.

represents

In FIG.

polymerizing

6 show initial ESR characteristics,.

6, right-hand

time, left-hand

and horizontal

r Qi rf.ace dir
%%flggmae%‘iz AT 1R

nge Trom 0.

i C



2019030 3019060 Fol | owi ng organi c solvents instead of 2-propanol have been
estimated as capable of providing the simlar effects: nethyl alcohol,

et hyl al cohol, n-propyl alcohol, n-butyl 5 al cohol, 2-butyl alcohol,
tert-butyl alcohol, acetonitrile, acetone tetrahydrofuran, ethylene

gl ycol, y-butyl lactone dinethyl formegg de and di-nethyl sulfoxide.
EXAMPLE 10) 10 In exanple 1, 10 pieces each of the solid electrolytic
capacitors are prepared by the method simlar to exanple 1 except

pol ymeri zarabbevel t ages varied to 0.5, 1, 2, 3 and 5 V respectlvely for

el ect r ol yHe—pobyrerzat+on—fable—6—-and FI-G—6, shew—ini-ti-al_ESR
character stics.VOifa R val ues argg Hred at 1991§%er£€tf% .
right-hand vertical axis repfesents polynerizip ertical
axis represents in{yjyal ESR val ues, amghorizon aI aX|S(ﬁ§@§esents
pol yneri zpTion voltages. 31 Tablé 6 Voltage ESR{value Polymerization tine
(M) (m) (mn) 0.53260.33035 22525 32 60

1 30 35

2 25 25

3 29 24

5 65 19

FIG. 6 proves that the solid electrolytic capacitors
prepared by polymerization voltage ranging from 1 to 3 V
have excellent ESR characteristics. Polymerization rates

9 decrease with applied voltages lower than 1 V. Contrarily,
ESR characteristics tend to be worse with the voltages
higher than 3 V as orderly polymers are not formed. To
provide the so0lid electrolytic capacitor, therefore, with
excellent ESR characteristics by controlling the

10 polymerization voltages to restrain the reactivity of
polymerization, the polymerization voltages shouid

preferably range from 1 to 3 V.

( EXAMPLE 11)

15 Etched aluminum foil of 3 mm x 4 mm attached with a
lead wire is used as an anode. Dielectric oxide film 2 is
formed on a surface of the etched aluminum foil by dipping
the etched aluminum foil into solution involving water as
solvent containing 3 % of ammonium adipate to anocdize at 6V

20 and at solution temperature of 70°C for 60 minutes. Then,



32924 56519 FIG 6 proves that the solid electrolytic capacitors prepared
by polynerization voltage ranging from1l to 3 V have excellent ESR
characteristics. Polynerization rates 5 decrease with applied voltages
lower than 1 V. Contrarily, ESR characteristics tend to be worse with the
voltages higher than 3 V as orderly poBgners are not fornmed. To provide
the solid electrolytic capacitor, therefore, with excellent ESR
characteristics by controlling the 10 polynerization voltages to restrain

t he reacti they anfodipedy netrdiread | abumihempdodreri zagi dipyeld agesssheti¢h
preferably range from1l to 3 V. EXAMPLE 11) 15 Etched alum numfoil of 3 nm
X 4 mm att dokedvingh watkradasi r @olsersed amtaimingle.3M ef echangawpdale
film2 is formed on a surface of the etched alum numfoil by dipping the
et ched al upiifgateoidnd M pelledopuitnwd vilng sailetias fool i doydmgni ng 3
% of ammoni um adi pate to anodi ze at 6V 20 and at solution tenperature of
70C for 60amdnidtseLinkidly, B ddsseghdibz ethetmdkbddatompositionl at 860Ut pped
in solytion involving water as solvent containing 30 % nmanganese nitrate
and i s bul FeF J& mMutes S vfPTR MBRIanesSEr pRAGE COMPOSENd raal Bartpratessed
for thermal deconmposition at 300C 5 for 10 m nutes to form nmanganese oxi de
conposi ng ﬁoﬁéﬂthﬁCtEBFYHeeﬁectroIyte 3.

Next, a solid electrolyte is formed on the manganese

oxide. First, solution involving water as solvent for

. polymerization dissolving 0.5 mol/L of

10 ethylenedioxythiophene monomer, 0.1 mol/L of compound (II)
having each of hydroxyl group and sulfonic group as
substituents, and 0.01 mol/L of sulfuric acid, further
added by ethyl alcohol to control the surface tension to 60

x 107 N/m, is prepared to form the solid electrolyte. An

15 external terminal to dinitiate polymerization is placed
close to a surface of the etched aluminum foil to form the
solid electrolyte at solution temperature of 25°C and at
polymerizing voltage of 2.5 V in the solution. At the time

of forming the solid electrolyte, 5 V is applied on the

20 anode composed of etched aluminum foil simultaneously. 10
pieces of solid electrolytic capacitors with the ratings of

2.5 V, 20 pF are prepared under conditions similar to

example 1 except the above conditions.

25 ( EXAMPLE 12)
In example 11, solution involving water as solvent for

polymerization dissolving a 0.1 mol/L of compound (II)



Next, a solid electrolyte is formed on the nmanganese oxide. First,
solution involving water as solvent for polynerization dissolving 0.5

nol /L of 10 et hyl enedi oxyt hi ophene nonomer, 0.1 nol/L of conpound (I1)
havi ng each of hydroxyl group and sulfonic group as substituents, and 0.01
nmol /L of sulfuric acid, further added 8y ethyl alcohol to control the
surface tension to 60 x 10-3 NNm is prepared to formthe solid

el ectrolyte. An 15 external termnal to initiate polynerization is placed
cl ose to ahswihgceone t hgdebsiydd amrowpnumridi Itwoo forifidhiec sptdup as

el ectrolyte at solution tenperature of 25C and at pol ynerizing vol tage of
2.5 V in thabgtituenhs, Atandeat i@l gholpkmofy shkfwoicdaelidct rbinther 5 V
is applied on the 20 anode conposed of etched al umi numfoil sinmultaneously.
10 pi ecesadfledolbyd rreRY} ofyephotapaciaurrad t bhe hgurdacagsesfsion. Tov, 20
RF are prepared under conditions simlar to exanple 1 except the above
condi ti ons 6025 (1€E§(AWII_IE 12y pmepruapl dol1foxm| theorsdli| eleyt vede .as

sol vent_for nmerization dlssoIV|ng a 0.1 nmol/L of conpound (II) 33
havi ng dneTh ? F@ﬁﬁﬂ Q%ﬁ)%ﬂﬂ?Qﬁﬁ%rg%%uBrﬁgar§Gb§Ntﬁhﬁn@?IEEH

0.01 mol/L @ ulfurlc aci d rther added by al cohol to control
the surfac&* P‘éﬁlEFoﬁ:Ot FEple 1313 eﬁcﬁP | s rb?‘ép%ﬂg Srfléllmtﬁ%”é’élll do

el ectrol yte. id electrolytic ared e et hod
Sl e Tolnadabte BoLveRsfathdn” 1k piBnrtl i Yosi it ykade 'dE° e

etched aluminum £foil to form the so0lid electrolyte by
electrolytic polymerization reactions at 2 V in the

10 electrolytic solution for polymerization.

( EXAMPLE 13)
In example 11, after forming the dielectric oxide film,
the anodized etched aluminum feil is immersed in solution
15 involving water as solvent containing 5% of water-soluble
polyaniline, and is then heat-treated at 200°C for 5 minutes
to form a conductive polymer composing the solid
electrolyte partially. Then, solution involving water as
solvent for polymerizatioﬁ dissolving a 0.2 mol/L of
20  pyrrole monomer, a 0.05 mol/L of compound (II) having each
one of hydroxyl group and sulfonic group as substituents,
and a 0.01 mol/L of sulfuric acid, further added by n-butyl
alcohol to control the surface tension to 60 x 10~ N/m, is
prepared to form the so0lid electrolyte. The solid
20 electrolytic capacitor is prepared by the method similar to
example 11 except that an external terminal to initiate

polymerization 1s placed close to a surface of the etched



initiate polynerization is placed close to a surface of the etched
alumnumfoil to formthe solid electrolyte by electrolytic polynerization
reactions at 2 Vin the 10 electrolytic solution for polynerization.
EXAMPLE 13) In exanple 11, after formng the dielectric oxide film the
anodi zed etched alum numfoil is imersgg in solution 15 involving water
as sol vent containing 5% of water-soluble polyaniline, and is then
heat-treated at 200C for 5 mnutes to forma conductive pol yner conposing

the solid athmehaml ¥be1paot itakhy thEN@b 150! ailéOhrd M VhPJe YBELFo Bt ic
sol vent for polynerization dissolving a 0.2 nol/L of 20 pyrrole nononer, a

0.05 nol / Lpolymernadadonl kpabbiong &ach vona ehehydrexybngroup and sul fonic
group as substituents, and a 0.01 nol/L of sulfuric acid, further added by
n-butyl alcohol to control the surface tension to 60 x 10-3 NNm is
prepared to formthe solid electrolyte. The solid 25 electrolytic capacitor
i s preparell B¥avBReEnd#hod simlar to exanple 11 except that an external
terminal to initiate polynerization is placed close to a surface of the
et ched B4 al uni ABmekempleo lilor mEties Suiximing dthe oligledyrit eotidd yiilnm,
pol ynmerization reactions at 2 Vin the solution. EXAMPLE 14) 5 In exanple
11, after Foenanpdiredieteredi alunigunffofl iselmnediszdd igt chebutdami num
foil is imrersed in solution involving water as solvent containing 5% of
wat er - sol upp¥olving water as solvent containing 5% of water-soluble
polyaniline, and is then heat-treated at 200°C for 5 minutes
to form a conductive polymer  composing the so0lid
10 electrolyte partially. Then, solution involving water as
solvent for polymerization dissolving a 0.2 mol/L of
pyrrole monomer, a 0.05 mol/L of compound (II) having one
sulfonic group as a substituent, and a 0.01 mol/L of
sulfuric acid, further added by iso-propyl alcochol to
15 control the surface tension to 60 x 10™® N/m, is prepared to
form the solid electrelyte. The so0lid electrolytic
capacitor is prepared by the method similar to example 11
except that an external terminal to initiate polymerization
is placed close to a surface of the etched aluminum foil to

20 form the solid electrolyte by electrolytic polymerization

reactions at 2 V in the solution.

{ EXAMPLE 15)
In example 11, solution involving water as solvent for
25 polymerization dissolving a 0.2 mol/L of pyrrole monomer, a
0.05 mol/L of compound (II) having two sulfonic groups as

substituents, and a 0.01 mol/L of sulfuric acid, further



polyaniline, and is then heat-treated at 200C for 5 mnutes to forma
conductive polynmer conposing the solid 10 electrolyte partially. Then,
solution involving water as solvent for polynerization dissolving a 0.2
nmol /L of pyrrole nononer, a 0.05 nol/L of conpound (I1) having one

sul fonic group as a substituent, and a @501 nol/L of sulfuric acid,
further added by iso-propyl alcohol to 15 control the surface tension to 60
X 10-3 NNm is prepared to formthe solid electrolyte. The solid

el ectrol yt iaddeghpdey t osiicqnepasexdfdytames netbodesnirbdr ttheexanpfacdl
except that an external termnal to initiate polynerization is placed
close to a tanfiaoe b6 tdle =t ANEH H/mni nisn prepatred?0td oorhetisol sdlid

el ectrolyte by electrolytic polynerization reactions at 2 Vin the

sol ution. EAREFIICIFEDE. n %nﬁpiiil,elwtmlaﬁﬁmwﬂm%tmm &5 preporednt
for 25 polynerization dissolving a 0.2 npl/L of pyrrole nononer, a 0.05
not./L of JShpdthd¢th9d e ET wee sekample 4t oapsers thabsent gxiesnahnd a
0.01 nolL/L of sulfuric acid, further 35 added by silicone_surfactants to

control °t heSHMale tPeddifiate coOkyHerszaFhen| dsprepared ©3os6r ha he
lid | ect te. Th lid electraqlyt, it [ d by.th
mothod of mAEE o PhmpEBeT I RRER: AR ofodrnakos TOFR e t soLM 11 at o
| i zat ' | d._cl t . f f t t ched, al um foil t
Porm the soiapti Bt ik (eecines b Aol caffol FRSRcTabll fomk Bt o v

in the solution.

10 ( EXAMPLE 16)

With the method similar to example 11, dielectric
oxide film 2 is formed on an outer surface of etched
aluminum foil 1. The etched aluminum foil is immersed in
solution involving water as solvent containing 5% of water-

15  soluble polyaniline, and is then heat-treated at 200°C for 5
minutes to form a conductive polymer composing the solid
electrolyte partially. Then, sclution involving water as
solvent for polymerization dissolving a 0.2 mol/L of
pyrrole monomer, a 0.05 mol/L of compound (II) having one

20 sulfonic group as a substituent, and a 0.01 mol/L of
sulfuric acid, further added by iso-propyl alcchel ¢to
control the surface tension to 60 x 10 N/m, is prepared to
form the solid electrolyte. An external terminal to
initiate polymerization is placed close to a surface of the

29 etched aluminum foil to form the solid electrolyte 3 by
electrolytic polymerization reactions at 2 V in the

solution.



in the solution. 10 ( EXAMPLE 16) Wth the nmethod simlar to exanple 11,
dielectric oxide film2 is formed on an outer surface of etched alum num
foil 1. The etched alum numfoil is imrersed in solution involving water
as solvent containing 5% of water 15 soluble polyaniline, and is then
heat-treated at 200C for 5 mnutes to ggrm a conductive pol yner conposing
the solid electrolyte partially. Then, solution involving water as

sol vent for polynerization dissolving a 0.2 nol/L of pyrrole nononer, a
0.05 nol /L of coumpeedpedtiy, havi rgpaded 2¢asbbhonie odpipdastd SEdsd | uent,
and a 0.01 nol/L of sulfuric acid, further added by iso-propyl alcohol to
control theasbsid atayeendi an t th€0swlif- 2Iotrdly e epat ethén af @oatelde
solid electrolyte. An external terminal to initiate polynerization is

pl aced cl osklter a pmatfeacksofdrii 25oet Lo & upidwerf didydmo Soromt Hdesol i d
electrolyte 3 by electrolytic polynerization reactions at 2 Vin the

sol uti on. GarSubsaéqyent 14, crwHEtedbetirbdwoi dadremsd te form a aabhode | ayer
4 on the solid electrolyte and then a coated silver paste is dried to form
a silver |bgerisabnseablorar Fhen.ayeirtiy extamialy BRsHaging [H6iars enexlyor m a
cathode 5 term nal section. Then, with external packaging using epoxy
resin, notTefdhn, 1Ot pishesd.of 10hePdgrrgd ePEct EBeytFli¢ aksatgicd viie

prepar ed. .
capacitors are prepared.

(COMPARATIVE EXAMPLE 3)

10 With the method similar to example 11, dielectric
oxide film is formed on an outer surface of etched aluminum
foil. The etched aluminum foil is immersed in solution
involving water as solvent containing 5% of water-soluble
polyaniline, and is then heat-treated at 200°C for 5 minutes

19 to form a conductive polymer composing the solid
electrolyte partially. Subsequently, solution involving
water as solvent for polymerization dissolving 0.2 mol/L of
pyrrole monomer and 0.05 mol/L of propylnaphthalenesulfonic
acid is prepared to form solid electrolytes. An external

20 terminal to initiate polymerization is placed close to a
surface of the etched aluminum foil to form the solid
electrolyte 3 by electrolytic polymerization reactions at 2
V in the solution. Then, a carbon layer and a silver layer
are formed to make up a cathode terminal section, and with

25 external packaging, 10 pieces of solid electrolytic

capacitors are prepared.



( COVPARATI VE EXAMPLE 3) 10 Wth the nethod simlar to exanple 11,
dielectric oxide filmis formed on an outer surface of etched al um num
foil. The etched alumnumfoil is imrersed in solution involving water as
sol vent containing 5% of water-soluble polyaniline, and is then
heat-treated at 200C for 5 mnutes 15 t3¥ form a conducti ve pol yner
conposing the solid electrolyte partially. Subsequently, solution

i nvolving water as solvent for polynerization dissolving 0.2 nol/L of
pyrrol e nofGPMPARNBIVE OBXAMRLER 49X propyl napht hal enesul fonic acid is
prepared to formsolid electrolytes. An external 20 terminal to initiate
pol yneri zati on Wity ddel @leddedt osdmidarf ate oexamelet ched diglientmiftoil to
formthe solid electrolyte 3 by electrolytic polynerization reactions at 2
Vin the SOFifeorEiiheds afemmebn dhyan dMEter siTarbadey 6f o stehedd o
make up a cathode term_nal section, and with 25 external packagi ng, .10

pi eces of ZLFPIWReEN -yt | ThecHpihedr alamdnymestedl. 157 (RORPARATILVE
EXAIVPL% 4) Wt h,the,metgod simlar to exTTBI e 11, .di,electric oxide filmis
for med “on SALBLIRR LBYPRELRYfVARCEt BReFOLEPHN FOATAGPARITRE &fch@FeZuni num
foil is imersed in 5 solution i nvol_vi1r:1llg wat er as sol vent contai ni ng 5% of

vat er - sol ¥B18PHeI PahverttranPRe tRehlfRAeeet ebXedted 2B0e0? & &9 M nut es
Lo form a SORGUEL o PRLUIEL COUPRSLOG,A NBoightd EhRRILAlY" 8B ddidd V-
electrolyte partially. Subsequently, solution involving
water as solvent for polymerization dissolving 0.2 mol/L of
10 pyrrole monomer and 0.05 mol/L of butylnaphthalenesulfonic
acid, added by n-butyl alcohol to control the surface
tension to 60 x 10 N/m, is prepared to form solid
electrolytes. An external terminal to initiate
polymerization is placed close to a surface of the
15 capacitor element to form the solid electrolyte by
electrolytic polymerization reactions at 2 V in the
solution. Thén, a cathode terminal section composed of a
carbon layer and a silver layer is made up, and thus 10

pieces of solid electrolytic capacitors are prepared with

20 external packaging.

(Measurements)
Table 7 1lists initial characteristics of the solid
electrolytic capacitors described in examples 11 through 16
25 and comparative examples 3 and 4. ESR values are measured

at 100 kHz.



wat er as solvent for polynerization dissolving 0.2 nol/L of 10 pyrrole
nononmer and 0.05 nol /L of butyl napht hal enesul fonic acid, added by n-butyl
al cohol to control the surface tension to 60 x 10-3 NNm is prepared to
formsolid electrolytes. An external terminal to initiate polynerization
is placed close to a surface of the 15 ggpacitor element to formthe solid
el ectrolyte by electrolytic polynerization reactions at 2 Vin the
solution. Then, a cathode term nal section conposed of a carbon |ayer and

a silver |apenei 3 made up, and thus 10 pieces of solid electrolytic
Capacitor ar prnp:\rnrl wi-t-h 20 ext-erna

abl e

7 lists |6|F;al characteri st & sol{d eI rolytlc citors
described|in exanples 11 thrgggﬁg g&ﬁgg nd con%g%ative exgﬁggk%g% ang 4.
ESR val ues ar e neasured at 100 ki, 38 Taule Lfeapaci tanes BaR kRakage (
l.F)(MOcu T 27 Xanpt € 1223712248 Exanpte
1324.02228EEmm@ube11424 82032 22.5 24 37

Example 12 23.1 22 48

Example 13 24.0 22 28

Example 14 24.8 20 32

Example 15 23.8 21 45

Example 16 23.4 26 96

Example 3 18.0 35 148

Example 4 19.2 31 136

Table 7 proves that from the comparison between

examples 11 through 16 and comparative example 3, the solid

0 electrolytic capacitors can be provided with excellent

capacitance characteristics by wusing compound (II) and

sulfuric acid as dopants to contreol the surface tension of

the electrolytic solution for polymerization to lower than

70 x 10 N/m, and that from the comparison between example

10 13 and comparative example 4, compound.'(II) and sulfuric

acid used as dopants can provide an exclusively excellent
usable rate of capacitance.

Moreover, it is also proved that from the comparison

between example 14 and example 16, the solid electrolytic

15 capacitors can be provided with a high usable rate of

capacitance as well as excellent impedance and leakage

current characteristics in high frequencies by applying



Exanpl e 1523. 82145 Exanpl e 1623. 42696 Exanpl e 318. 035148 Exanpl e 419. 231136
Table 7 proves that fromthe conpari son between exanples 11 through 16 and
conparative exanple 3, the solid 5 electrolytic capacitors can be provided
wi th excell ent capacitance characteristics by using compound (I1) and

sul furic acid as dopants to control theggurface tension of the
electrolytic solution for polynerization to lower than 70 x 10-3 NNm and
that fromthe conpari son between exanple 10 13 and conparati ve exanple 4,
conpound (¥bltagdssubhurian esitdrnadd adcdApRdes GAIE ProViEEL W ausddisi vely
excell ent usable rate of capacitance. Mreover, it is also proved that
fromt he coappectivelpetinetngexbapteolytandpekpnetzdbioh heesotichs.

el ectrolytic 15 capacitors can be provided with a high usable rate of
capaci tance as well as excellent inpedance and | eakage current
characteristics in high frequencies by applying 39 voltages on an external
el ectrode &nBXAMPREvVa7hetal respectively during el ectrolytic polynerization
reactions. EXAMPLE 17) 5 In exanple 14, 10 pieces each of the solid

el ectrd ytic caplci tefanpke phdpar el0 by Dilgcaget hedchi nmidfar the exsaipid 14

except content of sulfuric acid to conpound (I1) varied to 100 : 1, 50 :
1, 10 : 1,egegtgplxt;clpagﬁgltors are prepared by the method similar

to example 14 except content of sulfuric acid to compound
(Ir) varied to 100 : 1, 50 : 1, 10 : 1, 5 : 1, 4 : 1, and
2 : 1 in molar ratio respectively.

10 FIG. 7 shows the capacitance characteristics of the
solid electrolytic capacitors at initial and after 1000

hours-aging at 85°C and 85% rated voltage.

{COMPARATIVE EXAMPLE 5)

15 In example 14, 10 pieces each of the =solid
electrolytic capacitors are prepared by the method similar
tc example 14 except content of sulfuric acid to
butylnaphthalenesulfonic acid, replacing compound (II),
varied to 100 - 1, 50 : 1, 10 : 1, 5 : 1, 4 : 1, and 2 : 1

20  in molar ratio respectively.

FIG. 7 shows capacitance characteristics of the solid
electrolytic capacitors at‘ initial and after 1000 hours-
aging at 85°C and 85% rated voltage.

FiG. 7 proves clearly that the so0lid electrolytic

20 capacitors have excellent initial capacitance
characteristics when sulfuric acid is added to 50 : 1 or

higher in concentration ratio against compound (I1I1).



2: 1innolar ratio respectively. 10 FIG 7 shows the capacitance
characteristics of the solid electrolytic capacitors at initial and after
1000 hours-aging at 85C and 85% rated voltage. (COVPARATI VE EXAMPLE 5) 15
In exanpl e 14, 10 pieces each of the solid electrolytic capacitors are
prepared by the nethod simlar to exangge 14 except content of sulfuric
acid to butyl napht hal enesul fonic acid, replacing conpound (11), varied to
100 : 1, 50 : 1, 10: 1, 5: 1, 4: 1, and 2 : 1 20 in nolar ratio

respecti velHowdde®, 7tBROVCapLPREAhEECe iRy atbeldsdréssOf ik isekbhitl
electrolytic capacitors at initial and after 1000 hours- aging at 85C¥and
85% r at ed woltlagtheFldalfhmicovesid cashyettddtide $@lHid ebectq ol yti cor-25
capacitors have excellent initial capacitance characteristics when

sul furic adiipher.add@tet curslbpirdg oof hwhBurid aefdenis ahio®N &@d | BuRd@i NSt
conmpound (I1). 40 However, the capacitance tends to decrease significantly
with the sgfyfoanmegite camd egsoraoisipnsataftfeftetl . b tthe hégbhetridhe&cid
undopi ng of sulfuric acid in hot and hum d environnents and corrosions

af f ect e@ byWaukd sigusgy ithegdiePreRnasulin capseitthacgscr eases i n capaci t ance.
Sul furic acid can _provide an_excellent usable rate of capacitance
excl usi vel y wherrWEFrig taribnpadundrevifle an estemdilent cosalat fake exfinpl e

5, therefore, . :
capacitance exclusively when used with compound (II). As

shown in comparative example 5, therefore,

naphthalenesulfonic acids having alkyl groups such as
10 butylnaphthalenesulfonic acid cannot improve the usable

rate of capacitance even if sulfuric acid is added or

surface tension is controlled to lower than 70 x 1073 N/m.

These naphthalenesulfonic acids are thought so surface-

active that polymers are apt to be formed concentrated on
15 pit edges of rough surfaces of the valve metal.

To provide, therefofe, solid electrolytic capacitors
with an excellent initial usable rate of capacitance, the
molar concentration ratio of compound (II) in the
electrolytic solution for polymerization should preferably

200 be 50 : 1 or higher and the electrolytic solution for
polymerization should have a surface tension of lower than
70 x 107 N/m. To provide the solid electrolytic capacitors
with 1little decrease in properties in hot and humid
conditions, molar concentration ratio of sulfuric acid
25 against compound (II) in the solution should preferably be

controlled to lower than 4 : 1.



napht hal enesul foni ¢ aci ds havi ng al kyl groups such as 10

but yl napht hal enesul foni ¢ acid cannot inprove the usable rate of
capacitance even if sulfuric acid is added or surface tension is
controlled to lower than 70 x 10-3 NNm These napht hal enesul foni ¢ aci ds
are thought so surface- active that pol4hers are apt to be forned
concentrated on 15 pit edges of rough surfaces of the valve netal. To
provi de, therefore SO|Id el ectrolytic capacitors wth an excell ent
initial ushbEZAMBEE 38)capacitance, the nolar concentration ratio of

conmpound (I1) in the electrol tic solution for polynerization should
preferably 20 b&?50 eX3Rje i dder aHY t ME-SSSSct r ’P‘;‘l i ¢ %ol ultlhﬁn feplid

polyner!zat ontshg % have a urface t ensi on %m% han X, 10-3 N'm
To provi de® ﬁ8 §81+¥ 51 €I EEPPSF?PFE CHFaRTORE e PR |'C |“?éetc¥§tﬁr ehethar

Ul Fr ¢ a5Pd FmpdE; et "Haineet 1991 2t Rabedv: o °§ﬁ Sy be
cach of! ?ﬂa**%g%f%”% i*ryt.cotﬁip%oﬁglé%rg?z%é% ﬁoiyﬁé%%ef'
:Lp};?; te SI ?a%%oﬁx %ro?@%?@bsgruﬁi gﬁoralgolykgifﬁgt §r%%%?ied to
T 3 0 X B T b
characteristicsr®f, 8 shows initial capacitance characteristics of
the solid electrolytic capacitor. FIG. 8 proves clearly
100 that the solid electrolytic capacitor can be provided with
excellent capacitance characteristics with surface tension
of the electrolytic solution for polymerization of lower
than 70 x 107 N/m.
Following organic solvents can replace 2-propanol to
15 contrecl the surface tension of electrolytic solution for
polymérization to lower than 70 x 107? N/m: methyl alcohol,
ethyl alcohol, n-propyl alcohol, n-butyl alcohol, 2-butyl
alcohol, 3-butyl alcohol, tert-butyl alcohol, acetonitrile,
acetone, tetrahydrofuran, ethylene glycol and y-butyl
20 lactone. Additionally, following nonionic surfactants have
been estimated as capable of providing the similar effects:

acetyl glycol surfactants, silicone surfactants,

polyoxyalkylene glycol surfactants and fluoro-surfactants.

20 ( EXAMPLE 19)
In example 14, 10 pieces each of the solid

electrolytic capacitors are prepared by the method similar



the solid electrolytic capacitor. FIG 8 proves clearly 10 that the solid
el ectrolytic capacitor can be provided wth excellent capacitance
characteristics with surface tension of the electrolytic solution for

pol yneri zation of lower than 70 X 10-3 NNm Follow ng organi c sol vents can
repl ace 2-propanol to 15 control the sggface tension of electrolytic
solution for polynerization to lower than 70 x 10-3 Nm nethyl al cohol,

et hyl al cohol, n-propyl alcohol, n-butyl alcohol, 2-butyl alcohol, 3-butyl
al cohol , teot-buayplal chhol exaeptoncoitért o£etphritiephahydr ofwr ahe

et hyl ene glycol and y-butyl 20 | actone. Additionally, follow ng nonionic
surf act ant elbateolpeia estliutdiced fercpodyrerdfzatrien dragiéde to o JooL,
effects: acetyl glycol surfactants, silicone surfactants, polyoxyal kyl ene
gl ycol surPa8tant £.8Hd f Pubbo- Wrf acDadt an@50ESANRLE I@kpleatdvenpl eald, 10
pi eces each of the solid electrolytic capacitors are prepared by the

met hod si nmiihglude pondkzepheneld dundepttheomanduaifiye poelympdemartinlle

el ectrolytic solution for polynerization varied to 0.001, 0.005, 0.01,
0.05, @1, 0.2 BAB-093shewsr ctharsiotard.stiing Jfher plmit¥abhemdlafiteo t he
conductive polyner partially. 5 FIG 9 shows ESR characteristics for

initial an#é élﬁteramg Motl Bestodd263: B0R58ousE0 .holMSK) .velIRsvalnees are

measured at 100 kHz. FIG 9 Eroves clearly that solid electrolytic
measured at 100 kHz.

FIG. 9 proves clearly that solid electrolytic

capacitors with a content of p-nitrophencl ranging from

100 0.001 to 0.2 mol have excellent ESR characteristics. The

ESR characteristics, however, tend to be worse with the

content of less than 0.001 mol or more than 0.2 mol. To

provide, therefore, the solid electrolytic capacitors with

stable characteristics even under hot conditions by adding

13 p-nitrophenol, causing the order of polymer skeleton to

enhance, the content of p-nitrophenol should preferably
range from 0.001 to 0.2 mol.

Additionally, following organic solvents instead of p-

nitrophenol have been estimated as capable of providing the

20 similar effects: p-cyanophenol, p-hydroxybenzoic acid and

p-hydroxyphenol.

( EXAMPLE 20)
In example 11, 10 pieces each of the solid
20 electrolytic capacitors are prepared by the method similar
to example 11 except applying voltages for the electrolytic

polymerization varied to 0.5, 1, 2, 3 and 5 V respectively,



capacitors wth a content of p-nitrophenol ranging from 10 0.001 to 0.2
nmol have excellent ESR characteristics. The ESR characteristics, however,
tend to be worse with the content of |less than 0.001 nol or nore than 0.2
not. To provide, therefore, the solid electrolytic capacitors with stable
characteristics even under hot conditiod8 by adding 15 p-nitrophenol,
causi ng the order of polyner skeleton to enhance, the content of

p- ni trophenol should preferably range from0.001 to 0.2 nol. Additionally,
fol | owi ng or ganFaGsoll@eshovisnsirgidtiaf BSR nchaophienol shhwe bfehhessobded as
capable of providing the 20 simlar effects: p-cyanophenol,

p- hydr oxybedgeiteodyitd casapagifipar. oxjpReviolues ExAMRPeEsA0Rd| atedodpkizl11, 10
pi eces each of the solid 25 electrolytic capacitors are prepared by the
met hod si ntPar tFdGexanpi® 11 wiakpthamb| yi verVitakhgesakds t hzepresentsytic
pol ynmerization varied to 0.5, 1, 2, 3 and 5 V respectively, 43 FIG 10
shows i ni t PRLYESRIGARLacteMest | cdebt-hardsovegtispdct ra¥i® i crerpesents . ESR
val ues are neasured at 100 kHz. In FI.G 10, right-hand vertical axis

r epr eseht s 1035HGYer i BFRg iatdeqef t 2R9nd RRFirtalixi £%idHr eFeRTeSENER ti al
ESR val ues nd hqrizqontal axis represents polynerization voltages. FIG
10 proves Pﬁi?“?ﬁ&z %FPB 3Pi$?98§ytic capacitors prepared by

pol yneri zati on \f&l:;t.a%bs prxf:"&g’éélgt;xg%mt e:t Ososfl.i\t/:l electrolytic capacitors

prepared by polymerization voltages ranging f£from 1 to 3 V
have excellent ESR characteristics. Polymerization
10  reactions do not proceed rapidly with applied voltages
lower than 1 V. Contrarily, ESR characteristics tend to be
worse with the voltages higher than 3 V as orderly polymers
are not formed. To provide the solid electrolytic capacitor,
therefore, with excellent ESR characteristics by
15 controlling the applying voltages to restrain the
polymerization reaction, the polymerization voltages should
preferably range from 1 to 3 V.
In the aforementioned examples, the solid electrolytic
capacitor with a valve metal of aluminum or tantalum used
20 as an anode is described exclusively. The present
invention is not so limited but is susceptible to various
materials haﬁing oxide films on outer surfaces to perform
as a valve metal such as niobium or titanium capable of
providing similar effects.
25 : INDUSTRIAL APPLICABILITY
The present invention can provide a solid electrolytic

capacitor with low impedance in high frequencies, a compact



have excel |l ent ESR characteristics. Polynerization 10 reactions do not
proceed rapidly with applied voltages lower than 1 V. Contrarily, ESR
characteristics tend to be worse with the voltages higher than 3 V as
orderly polyners are not formed. To provide the solid electrolytic
capacitor, therefore, with excellent EBR characteristics by 15 controlling
the applying voltages to restrain the polynerization reaction, the

pol ymeri zati on voltages should preferably range from1 to 3 V. In the

af or enent imimzl exndnd edarpghe caplaci teinast rohyti ds copaeixed wlohda widhve
metal of alum numor tantalumused 20 as an anode is described

excl usi vel the Thieghtatbration coff i oke¢tromic seqyipmendd. but is susceptible to
various materials having oxide films on outer surfaces to perform as a
val ve netal such as niobiumor titanium capable of providing simlar
effects. 25 | NDUSTRI AL APPLI CABI LI TY The present invention can provide a
solid electrolytic capacitor with [ ow i npedance in high frequencies, a

- conmpact 44 size and a |l arge capacitance that is required along with the
digitalization of electronic equipnent. 45 CLAIMS 1. A solid electrolytic
capaci tor conprising: an anode conposed of a valve netal on that surface a



dielectric oxide filmis fornmed; a solid electrolyte conposed of a
conductive polyner forned on the dielectric oxide film and a cathode
formed on the solid electrolyte, 10 wherein the solid electrol yte includes
napht hal enesul foni ¢ aci d conpounds. 2. The solid electrolytic capacitor of
claim1l1l: wherein the solid electrolyte4bs formed by an electrolytic 15

pol yneri zation or a chem cal polynerization of the conductive polyner; the
napht hal ene sul fonic acid conmpounds correspond to conpound (1); and the
compound (I) is doped into the conduCLAYMSpolyner. nmr1 (1) 20 (SGBH)n n=1
3. The solid electrolytic capacitor of claim?2, wherein a content of the
conpound (1) to I nol of nononer form ng the conductive pol yner ranges
fromO0.05 to 0.5 nol. 46 4. The solid electrolytic capacitor of claim 2,
wherein the coAddetiodddEianlirelytic aamatitomeompmissingne of  pyrrol e,

t hi ophene, furan, aniline and their derivatives. 5 5. The solid

el ectrol ytic caplcial@deofcomRasad ofihgr falve metal on that surface a

5 dielectric oxide film is formed;
a solid electrolyte composed of a conductive polymer
formed on the dielectric oxide f£ilm;
and
a cathode formed on the so0lid electrolyte,
10 wherein the solid electrolyte includes

naphthalenesulfonic acid compounds.

2. The solid electrolytic capacitor of c¢laim 1: wherein

the so0lid electrolyte ‘is formed by an electrolytic

15 polymerization or a chemical polymerization of the
conductive polymer; the naphthalenesulfonic acid compounds
correspond to compound (I); and the compound (I) is doped

into the conductive polymer.

tcoowm m= 1
(1)

(soaH)n {
20
3. The solid electrolytic capacitor of claim 2, wherein

a content of the compound (I) to 1 mol of monomer forming

the conductive polymer rénges from 0.05 to 0.5 mol.



the solid electrolyte further contains a phenol derivative. 6. The solid

el ectrolytic capacitor of claim5, wherein the phenol derivative is
selected fromat |east one of 10 nitrophenol, cyanophenol, hydroxy- benzoic
acid, and hydroxyphenol. 7. The solid electrolytic capacitor of claim2,
wherein the solid electrolyte further c#ftains a sulfuric acid. 15 8. The
solid electrolytic capacitor of claiml1l: wherein the solid electrolyte is
formed by an elgctrolytiq pol yneri zation of the conductive po%&her; t he
napht hal enesul f 6ni P dH- b RisHFe g% SRar it ofpslimdmp @ . PRereand t he
conpound ( I s doped. into the conductive polymer. n=1 nm= 0 A (-CH) or
(=0) 9. A Jﬁéého 'b‘flP(f?h‘n‘{ﬁ‘ alPUYTRY ASoFPdeEted: rigTam i ata7leaphcrrser of he
capaci tor coggrggin?'.anhanode cO osed_gt a valve netal on that surface a
di el ect ri cP8%F3a%ti FPRNPEF mefUTa0 s oF MY AR CRPEI RELE ApBLERT BTe®
conductive polynmer 5 fornmed on the oxide film and a cathode forned on the
solid electrolyte; the nethod conprising:

b 5. The solid electrolytic capacitor of claim 2, wherein

the solid electrolyte further contains a phenol derivative.

6. The solid electrolytic capacitor of claim 5, wherein
the phenol derivative is selected from at least one of
10 nitrophenol, cyanophenol, hydroxy- benzoic acid, and

hydrosyphenol.

7. The solid electrolytic capacitor of claim 2, wherein
the so0lid electrolyte further contains a sulfuric acid.
15
8. The solid electrolytic capacitor of claim 1l: wherein
the solid electrolyte is formed by an electrolytic
polymerization of the conductive polymer; the
naphthalenesulfonic acid compounds correspond to compound
20 (II); and the compound (II) is doped into the conductive

polymer.

(11)
P m= 0

Hym A: (-OH) or (=0)

9. A method of manufacturing a solid electrolytic



I mersing the anode into a solution for polynerization 10 containing a
nmononmer form ng the conductive polyner, naphthal enesul fonic aci d-conpounds
and water; and formng the solid electrolyte on the oxide filmby a

el ectrolytic polynerization or a chem cal polynerization. 15 10. The net hod
of manufacturing the solid electrolyti47capacitor of claim9, wherein the
napht hal enesul foni ¢ aci d conpounds correspond to conpound (I). (1) 20 11.
The net hod of manufacturing the solid electrolytic capacitor of claim 10,
wherei n t he nononerapesideirectide: foagpacdittore asimporiasimlg :48 pyrrol e, thi ophene,
aniline and their derivatives. 12. The nethod of manufacturing the solid

el ectrol yti ¢ capacinodeofcapnsad 0of Sawvedsien nélakl ent thhyt ismrfaleat ion f or
pol ymeri zation further contains at |east one of phenol derivatives,

sul furic acid afdedeebhdrsoxide Fhimndshbermedpanuf acturing the solid 10
el ectrolytic capacitor of claim10, wherein the solution further contains

0.01 to 0.1 nol #1594 ehbrekerlyee | gampoeedarnt t Ae qoMetisItiger i RBkYMET | s

seIeCt%F formed on the oxide film;
and
a cathode formed on the solid electrolyte:;
the method comprising:
immersing the anode into a solution for polymerization
10 containing a monomer forming the conductive polymer,
naphthalenesulfonic acid.compounds and water:
and
forming the solid electrolyte on the oxide film by a

electrolytic polymerization or a chemical polymerization.

1o
10. The method of manufacturing the solid

electrolytic capacitor of claim 9, wherein

the naphthalenesulfonic acid compounds correspond to

compound (I).

//(COOH)m m= 1
D (1)
.

20 | SOHn =1

11. The method of manufacturing the solid
electrolytic capacitor of claim 10,

wherein the monomer is selected from at least one of



fromat |east one of nitrophenol, cyanophenol, hydroxybenzoic acid, and
hydr oxyphenol . 15 14. The nethod of manufacturing the solid electrolytic
capacitor of claim 10, wherein the solution further contains 0.01 to 1 w %
of a sulfuric acid. 20 15. The nethod of manufacturing the solid

el ectrolytic capacitor of claim10, whe4®in the solution further contains
0.5to 20 Wt % of alcohols, and the al cohols have a carbon nunber ranging
25 from1l to 4. 16. The method of manufacturing the solid 49 electrolytic
capaci t or p¥rrbdém Bhiopeerne n anibinagendppheid derivaeiebsctrol ytic

pol ynmeri zation ranges froml to 3 V. 5 17. The nethod of manufacturing the
solid electrolytic capacitor of claim9, wherein voltages are applied on
an external electrode and the anode conposed of a val ve netal
respectively. 10218, THee nethethod narflf acmanufgatheisog i d the ectsadlid i c
capacitor of claim_9, wherein the naphthal enesul fonic acid conpounds
correspond to cofdFiFodivibic sepacidodolafd cdlads Ad.yte is fornmed by the
el ect roEI) ytvinﬁe ol yneri zati on.

el the electrolytic solution for polymerization
further contains at least one of phenol derivatives,

sulfuric acid and alcohols.

13. The method of manufacturing the solid

107 electrolytic capacitor of claim 10,
wherein the solution further contains 0.01 to 0.1 mol/L of
a phenocl derivative, and the phenol derivative is selected
from at least one of nitrophenol, cyanophenol,

hydroxybenzoic acid, and hydroxyphenol.

15
14, The method of manufacturing the so0lid
electrolytic capacitor of claim 10,
wherein the solution further contains 0.01 to 1 wt % of a
sulfuric acid.
20

15. The method of manufacturing the solid
electrolytic capacitor of claim 10,

wherein the solution further contains 0.5 to 20 wt % of

alcohols, and the alcohols have a carbon number ranging

25 from 1 to 4.

16. The method of manufacturing the solid



15 ~i (SBHnn=1111 =0 (AmMA (OH or (=0 19. The net hod of

manuf acturing the solid electrolytic capacitor of claim 18, 20 wherein the
nononer is selected fromat |east one of pyrrole, thiophene, furan,
aniline and their derivatives. 20. The t hod of manufacturing the solid

el ectrolytic capacitor of claim18, 50 erein the electrolytic solution
for polynerization further contains organic solvents or nonionic surf

actants to contro t | e trpolytic solution for

pol ymeri zation to é%%f?géi?ﬁg% §€§§8§58§ kfnfiégﬁlé'The met hod of

manuf act ur iy tdig, solid gbgggé‘gl yt ia‘?pﬁe_{% I t of,0f clt?ie_m 1%%3\@}%0%{%&%
i-on ai ns pheno

electrolytic solution for polyferiza urther con

derivativegpoikfedd zathSon il Ol RN Yf 8t W kng the solid electrolytic

capacitor of claim 18, wherein the electrolytic solution for polynerization
further contains phenol derivatives ranging 0.001 to 0.2 15 nol/L, and the
phenol , derivatives are selected fromat |east one of nitrophenol,

cyanophgnol, hydroxybemnei ¢ aritthod of  manufacturing the  solid
electrolytic capacitor of claim 9,
wherein voltages are applied on an external electrode and

the anode composed of a valve metal respectively.

10 18. The method of manufacturing the solid
electrolytic capacitor of claim 9,

wherein the naphthalenesulfonic acid compounds correspond

to compound (II), and the solid electrolyte is formed by

the electrolytic polymerization.

15
N (S0 n =1
1 (1
.. m= 0
(A)m A: (-OH) or (=0)
19. The method of‘ manufacturing the solid

electrolytic capacitor of claim 18,
20 wherein the monomer is selected from at least one of

pyrrole, thiophene, furan, aniline and their derivatives.

20. The method of manufacturing the solid

electrolytic capacitor of claim 18,



and hydr oxyphenol .

10

15

50

wherein the electrolytic solution for polymerization
further contains organic solvents or nonionic surfactants
to control a surface tension of the electrolytic solution

for polymerization to smaller than 70 x 10°3 N/m.

21, The method of manufacturing the selid
electrolytic capacitor of claim 18,
wherein the electrolytic solution for polymerization

further contains phenol derivatives.

22, The method of manufacturing the solid
electrolytic capacitor of claim 18,
wherein the electrolytic solution for polymerization
further contains phenol derivatives ranging 0.001 to 0.2
mol/L, and +the phenol dJderivatives are selected from at
least one of nitrophenol, cyanophenol, hydroxybenzoic acid,

and hydroxyphenol.



