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

el ectrolytic capacitor for a variety of electronic equi pnment and
manuf act uri ng nmet hods thereof. 10 BACKGROUND ART Recent trend of
digitalization in electronic equi pment jhas increasing demand for downsized
capacitors with large capacitances and | ow i npedances in high frequency.
In 15 conventional art, follow ng capacitors are.used for high frequency

application: plastic film capacitonsggdi@erg@paci tors and nulti-|ayered
ceram c capacitors. Also, there are alumnumdry electrolytic capacitors,
alum num solid electrolytic capacitors, tantalumsolid electrolytic 20
capacitors or the like. An alum numdry electrolytic _capacitor consists

essentially of an etched atonIDURLBODRELY®RNd eapstiedR rolled up into a
‘cylinder with a separator in between to forma device, inpregnating the
separator with a |iqui damih eMANUFXCEURERG AMETHOD TBRRECOFE! ectrol ytic
capacitor or tantalum solid electrolytic capacitor enploys a solid
electrél yte to inprove performances of the al um numdry el ectrolytic
TECHRICAL FIELD
The present invention relates to a solid electrolytic
capacitor for a variety of electronic equipment and
(“' manufacturing methods thereof.
. 0 _
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 Iapplication: plastic f£film capacitors, mica
capacitors and multi-layered ceramic capacitors. Also,
there are aluminum dry electrolytic capacitors, aluminum
solid electrolytic capacitbfs, tantalum 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 ér tantalum

solid electrolytic capacitor employs a solid electroiyte 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 ghow better frequency
characteristics and tenperature charactefistics conpared with capacitors
with the liquid electrolyte, as 10 the solid electrolyte is free from
problens inphgiRAltdhQ |iquid electrolytes such as outflows of electrolytes
in a high ténperature, decrease in capacitance owing to a dry up or

function degr afatheds W Noy, ggjaq okl ec tegq .0l :
tenperatures. 15 Japanese Pé%gﬁ?ﬁial_-%%entkgbli%%?+%n §%§02623¥§890€5k

di scl oses @exriided:eCta®! Yianodearacd t 0fiBaKang fnsolm?ﬂ afkE8&! M Y MLE ¢
conposed of conductive polynmers nade by polynerized F'OMm MoRoMer s SU&h as

pyrrol e angolfitaphgne this Meidwk Ofiémnﬁ{rﬁsiy{:&eﬁliysO'cilegoﬁ.?‘é%ﬁo' &%1? a
e ytic

conposed 20 of conductive polymers for use in the soll ectrol

capaci tpr irnraese | weeh blghrodiinate1® Pr 856034 | @ée@f{?m@?e%a%rganese
conductive materials such as manganése oxi de, conductive polyner or the
like is fopmideonayesudsctheofselifd es16€rexyee ikl Foehedbon }éﬁlev%m%%f%' :
Next, the solid electrolyte conposed of conductive polyners is forne
through: (Cppacitbestr dlavimg the solid electrolyte show better
frequency characteristics and temperature characteristics
(F compared with capacitors with the liquid electrolyte, as

10 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‘ménufacturing 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

2% a valve metal. Next, the so0lid electrolyte composed of

conductive polymers is formed through: (1) an electrolytic

polymerizatio:_z by supplied electricity to the pre coat



pol ynmeri zation by supplied electricity to the pre coat 3 |layer in

el ectrolytic solution for polynerization containing nononer and a dopant,
or (2) a chemical polynerization by dipping the pre coat layer in

el ectrolytic solution for polynmerization containing an 5 oxidizing agent.
General ly, sulfonic acid conpounds or osphoric acid conpounds are used
as the dopants to produce the solid electrolytic capacitor by the
manuf act uri ng nmet hods. The strongly acidic dopants cited C above, however,

have a prophgart hatipundeided r@fiyithe dopediSrion 0 ESHEC] ApbY vhid B8Rl ¥p UM d
envi ronnments, causes danages on” the dielectric oxide fiTm valve net al ,

or decr easgéntain®hgdUsionbkirabidrd ¥ dueabgaReor ber mmng, Aam?eﬁaﬁgcal
proposed for the problemis to use al kyl aromatic sulfone conpoun or the

like-as a popgiériaapienenibylegiaiiing Oftne e@teval gBhtSerhagetesi ghances
(ESR) and capaci tances caused by undopi ng. Another problem however,

ari ses thatlectsebyeicr akelatisapadcang Bt eesasidl (HbSt58SEng Th
decrease in the usable rate of capacitance is supposedly caused %y t he

facts #hatox28i¢ihgpodgeret. i s Gaietalbe, bkyroan deaant sohpwuRdsd of ar ge

steric hindrance such as al kyl aromatic sulfone conmpound or the |ike are

adopt ed, apidogghopbtynacids epipéunds fareeduseacessr atikd OdoFdﬂ€§ 1248

rough surfaces of the dielectric oxide filmof valve 25 netal.

produce the solid electrolytic capacitor by the
manufacturing methods. The strongly acidic dopants cited

C. above, however, have a problem that undoping of the dopants,

10 espeéially 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 = equivalent 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 valve

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 4 conpounds with a snmall steric

hi ndrance such as sulfuric acid or the |like are used as the dopants, a
significant degradation will occur in characteristics due to undoping of

the sulfuric acid under hot and hum d environnents. DI SCLOSURE CF THE

| NVENTI ON To sol ve the above probl ens, ,exanpl e enbodi nents of the present
invention seek to provide a solid elecfrolytic capacitor with excellent

el ectrical characteristics even wunder hot and hum d environnents. In
accordance wth a first aspect .qf the presen i nvention, there is provided

a solid el 8¢HBMAT "tHpati tsériaﬂcoﬁvtperl?lﬁ Ny EP Yifo dBU R np8s e g d val ve

netal on theid surfraee BikH ehest Lisedodsdecid | Bopant of Med; s Bysicdiicint

el ectrol yt conpaosed of _a conductive polyner forned on the dielectric

oxi de fiIé%gEﬂdgﬁianWﬁ&éeoFSFﬁkacﬁP%&%??ﬁSﬂﬁ&léﬁeeP?oF?t%EdoRﬂﬂﬁwﬂfn t he

solid el ectidlytiguirnel atdes unfaphidialaenestthi Oning i2ehdeconpounds. In

accordance with a second aspect of the present invention, there is |
provi ded a nmet hod of manufacturing a solid electrolytic capacitor, the |

capacitor conprising: an nposed_of_a valve nmetal on that surface a
dielectric oxide filmis ngﬁgg?ggEs§ i%ﬁ%ﬂ%ﬁ%ﬁqﬁ%8¥3 conposed of a

conductive pol yrersdleeneteoapblie exdiiends, | Bxanpnd amsedfirdesf ermedeon the
solid electrolyte;. the nethod ; , , ,
' present invention seek to provide a solid electrolytic
capacitor with excellent electrical characteristics even
under heot and humid environments.
In .accordance with a first aspect of the present
invention, there is provided a solid electrolytic capacitor

comprising: an anode composed of a wvalve metal on that

surface a dielectric oxide film is formed; a solid electrolyte
compesed of a conductive polymer formed on the dielectric oxide
film; and a cathode formed on the solid electrolyte,
wherein the solid electrolyte includes

naphthalenesulfonic acid compounds.

In accordance with a second aspect of the present
invention, there is provided a method of manufacturing
-a solid electrolytic capacitor, the capacitor comprising:
an anode composed of a wvalve metal on that surface a
dielectric oxide film is formed; a solid electrolyte
composed of a conductive polymer formed on the oxide film;
and a cathode formed on the solid electrolyte; the method
comprising: immersing the anode into a solution for
polymerization 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.



conprising: imersing the anode into a solution for polynerization

contai ning a nononer form ng the conductive polyner, naphthal enesul fonic
acid conmpounds and water; and forming the solid electrolyte on the oxide
filmby a electrolytic polynerization or a chem cal polynerization. 5 'The
solid electrolytic capacitor may be provided with excellent |eakage
current characteristics, ESR and capacitance characteristics even under
hot and hum d environnents. BRI EF DESCRI PTI ON OF THE DRAWNGS FI G |
illustrates a schematic cross-sectionaP view showing a solid electrolytic
capacitor used in an exanple of the present invention. FIG 2 illustrates
a characteristic showwng a relation between the content of dopant vs ESR
FIG 3 illTkeraldsl cHacacoerist i capashbow mgyr b apionded bettheence Hentont ent

of P ni trophangl [ ncelaah ol xhlgssolution, forgel vy Zaldgn ve, SR FIG

4 illustrates aracteristics show n Htions  betWween t content of
sul furic acliatacheelBdtsodvan ondol bvt emd fioridpehyimeningsdts.on vs capacit ance
or ESR FIG 5 illustrates characteristics showing relations between the
content of 2-propanol in electrolytic solution for polynerization vs

| eakage current or po'%&&hkzﬁhEEFzﬁﬁfﬁy &F Gl dpdwiiidat es characteristics
ween the eleciro

showi ng rel ations bet yti1c polynerization voltage vs ESR
or pol yneri zathién tirgustrates a schematic cross-sectional view showing

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

FIG. 2 1illustrates 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 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
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
polymerization time,

FIG. 7 illustrates characteristics showing relations

between the molar concentration ratio of dopant to sulfuric




FIG 7 illustrates characteristics showing relations between the nolar
concentration ratio of dopant to sulfuric 6 acid vs capacitance. FIG 8
illustrates a characteristic showing a relation between the surface
tension vs capacitance. FIG 9 illustrates characteristics show ng
relations 5 between the content of p-nit®rophenol in electrolytic solution
for polynerization vs ESR FIG 10 illustrates characteristics showing
en the electrolytic polynerization voltage vs ESR or C

rel ations t
pol ymer i zata?’(;eirﬁilvte‘u’%e‘?alﬁf”ﬁ@ﬂﬂ%ED DESCRI PTI ONS OF THE | NVENTI ON The solid
in the present invention conprises a

el ectrolytic ca i to | scl osed
G, ré)odjeﬁ“%ffra%o%cFF@é‘aG&Ieyﬁﬁticdspedriwgt la atel#tddn

solid electrolytée co

conpound (L solid elecgtrolytic capacitor of the present invention

has excelkeﬁﬁ£%ﬁb#§5ié¥?: c@%%89§&QH1WﬁncaaﬁpﬂﬁﬁﬂQ¢- environments. This is

because dopants Vin rhoxyl roups pronote form ng and provide the

solid el ectrol th‘iEt?' cgpglgi]t%os)r%ﬁtt% e?géFPSﬁFréﬁﬁmm eghoring ewietianlsy in
envi ronment s.

20 | ealkageps t ES under hot and hum d
Addi ti onal | y?ﬁgggan%th&sﬁ%$& st 8Fi ¢ PHHgephanalchims edeptmodytt)y: i s

t hought toséeutlbs #8r 8L Ld el ect yte conposed of a orderly
conductive pol yner tﬁap mgﬁgﬁigékg?PbﬂFe%% *an excellent initial
FIG. 10 illustrates characteristics showing relations

betwgen the electrolytic polymerization voltage vs ESR or

(i} : polymerization time.
10
DETAILED DESCRIPTIONS OF THE INVENTiON

The solid electrolytic capacitor disclosed in the
present invention comprises a so0lid electrolyte composéd_of
conductive polymers doped with at least compound (I). The
15  solid electrolytic capacitor of the present invention has
excellent characteristics eﬁen in hot and humid
| environments, This is because dopants having carboxyl
(} groups promote formingrand Provide the solid electrolytic
capacitor with excellent characteristics especially in
20  leakage current and ESR even under hot and humid
environments. Additionally, dopant with small steric
hindrance such és 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
25 capacitance characteristiqs of the solig electrolytic

capacitor.



25 capacitance characteristics of the solid électrolytic capacitor. 7
(COOHMID=1. (1) (S@BH N n =1 The content of conmpound (I) to 1 nol of
a nononmer that forns the solid electrolyte conposed of conductive pol yner
shoul d preferably range from0.05 to 0.5 nol. The C! 5 configuration can
provide the solid electrolytic capacitor,7 with further excellent ESR and

| npedance characteristics. Doping |less than 0.05 nol of conmpound (I) to 1
mol of a nmononer that forns the solid electrolyte conposed of conductive
pol ymer causes a poor ESR characteristics due to 10 a |ow electrical
conductivity. Contrarily, doping nmore than 0.5 nmol of conpound (1) is not
preferable, as it will also cause poor ESR characteristics owing to a
steric hindrance due to the exgesso@mpunts o’ t he dopant, thereby causing
regularity of the main gfai e €8nductive polymer to |ower. 15 Mononers
shoul d preferably be s ?E[at | east one of pyrrokﬁ t hi ophene,
furan, aniline and thei'n_defdyatjves to formthe solid” ctrolyte
conposed of conductive poly ( ge nopQgrs can provide the solid

el ectrol ytic capacitor wth good i'npedance characteristics 20 in high
frequencies due to a high electrical conductivity. Adding phenol

derivatives to THe sohtshe! Gt EohYbanaCPRO$8d 10fcG0RMC] | HEnHRLY RIS can
provi de the solid
forms the solid electrolyte composed of conductive polymer

should preferably range from 0.05 to 0.5 mol. The

(i= 5 configuration can prdvide the solid electrolytic éapacitor
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

10 a low electrical conductivity. Cdntrarily, doping more than

0.5 mol of compound (I) is not preferablé, as it will also

cause poor ESR characteristic# 6wing to a steric hindrance

due to the excess amounts of the dopant, thereby causing

= regularity of the main chain of conductive polymer to lower.

e

15 Monomers should preferably be selected from at least
one of pyrrole, thiophene, furan, aniline and their
derivatives to form the solid electrolyte composed of
conductive polymers. Thoée monomers can provide the solid
electrolytic capacitor with good impedance characteristics

20 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



el ectrolytic capacitor with a stable performance even in 8 hot
environnents as the phenol derivatives can increase the degree of order of
pol ymer skel eton.” Phenol derivatives should preferably be selected from at
| east one of nitrophenol, cyanophenol, hydroxybenzoic acid, and

hydr oxyphenol . Those chem cals can furthe i nprove the characteristics of
solid electrolytic capacitor under hot and hum d conditions. Phenol
derivatives are selected from o- nitrophenol m ni t rophenol ,

b0l L r ophenobe: 02y 20ORNEARL. o 10 XANGRNEN! o - Ry %vﬁeﬁsﬁﬂ%ﬁi&{l&%as& ghe

0- hydr oxybenzoi ¢ acid, n¥hydrox _
o- hydrOxypheB@bre@@fdéP&é’Jpr@ﬂq%ol%r RyRydigxyphenol . Al so, sulfuric acid

can be doped into the solid ‘el'ectrolyte conposed of conductive pol yners.

The sulfuric acighbsolhgughtatakes bﬂbglahgr%%@%th%ep%Je\ar&ft%dasf&m
dopant . Cbnpounds such as sulfuric acid, wth nolecular structure of a

snmal | stretiathiledsanemanidf mitesphbaoclfi ldyiaipdraed o1, ohyhiebredepelainer s,
enabling to provide a solid electrolytic capacitor with a hi gh usable rate
of capacitaaced,Nextd dry@xarpbeeofol heThersf acheming et hach ofutrheersolid
electrolytic capacitor in the present invention is described roughly. That
is, the cond%]@t@'éepol yher clompostenistiecsol ief el estkidl yt eeliectirlpd by

poI er'EI’I zation USI ng sol ution invol vi ng water as sol vent cont ai ni ng at
capacitor under hot and humid conditions.

Phenol derivatives are selected from: o-nitrophencl,
m-nitrophenol, p-nitrophenol, o-cyanophenol, m-cyanophenol,
p-cyancphenol, o-hydroxybenzoic acid, m-hydroxybenzoic acid,
p-hydroxybenzoic acid, o-hydroxyphenol, m-hydroxyphenol and
p-hydroxyphencl.

Also, sulfuric acid can be doped into the solid
electrolyte composed of cohductive 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
solid electrolytic capacitor with a high usable rate of
capacitance.

Next, an exampie of the manufacturing method of the
solid electrolytic capacitor in the present inventicn is
described roughly. That is, the conductive polymer
composing the solid electrolyte is formed by polymerization
using solution involving water as solvent containing at

least a monomer



| east a nmononer 9 and conpound (1). Especially, form ng (or anodi zi ng)
carried out during ‘electrolytic polynerization using water as base
solution can provide the solid electrolytic capacitor with further 5
excel l ent | eakage current characteristics, and ESR and capacitance
characteristics under hum d environmentsg as conpound (I) performs form ng
very well. Mononers should preferably be selected fromat |east one of
pyrrol e, thiophene, aniline and their derivatives. 10 Those nononers can

provi de t hemsbl¢anmsdwal r{d)y.ti c capacitor with excellent inpedance
characteristics in high frequéencies due to a higher electrical

conductivity. AtEspeasialdiyg ofoxribm®l (@ef i MAddMechg S UbLHEs E3aGi .
al cohol s can be added to the electrolytic solutié%ﬁfor 1§dpgk%n3ﬂﬁ§%yqon.

Those chenfd&latrsaiytrovpdiymartzatlibant usapgcivaiige ysabhs éatﬁ%l%'{q_o%a”
forma solid electrolyte with a stable filmquality. The pﬁeno
derivative§@ﬂuﬂ#@vbﬁ%féhQMQplidselectedlytﬁ@mdﬁpadgggroggtﬂffurther
ni t rophenol , cyanophenol, 20 hydroxybenzoic acid and hydroxyphenol, "and
shoul d br eFé‘P&é-Il?qtavé-eﬁHéQ@on@gm‘memti orcharagitedtiisaliys,C it iggh LAl
pol yneri zation ranging from0.01 to 0.1 nmol. As the phenol derivatives
enhance t hEIREGAEENS® ofHeragtepbs Yies EKéﬁEtdnmmidﬁiéﬂﬁﬂﬁbﬁﬁéﬂ¥%30|&Ee

wi th excel | ent Esg ?nd 25 capacitance characteristics i s obtained.
compoun I) performs forming very well.

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 bpreferably be selected

N

from at least one of nitrophenol, cyanophenol,
20 hydroxybenzoic acid and hydroxyphenol, 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 oxrder of pPolymer
skeleton, the solid electrolyte with excellent ESR and

25 capacitance characteristics is obtained.
The concentration of phenol derivatives in

electrolytic solution for bolymerization of less than 0.01



ntration of phenol derivatives in electrolytic solution for
ggfyﬁgpfgation of Iesg than 0.01 10 nmol wll cause decreaselln heat
resistances due to a | ower degree of order of the formed po ynFri_
Contrarily, the concentration of phenol derivatives in elect;o yb:c
solution for polynerization of nore tha .1 nol is not 5 p¥e fra e
because pol ymerizing current concentrates on edges due to aﬁ erb calsin
pol ymeri zation rates, causing an uneven polyner thickness, thereby g

- 2 1St i tresses occurred
decrease | mdbEakaye cﬁﬂ&éeabcfiﬁﬁ%@‘:tﬁ{ g]gééﬁgr%gg%ﬁ(g%%t F’HPI g:ﬁ) & lawetri ¢

when the capacitor elenments are layer i _ |
acid in el ebégrde/t bE SHlak i OF f Bhe PHMIRId .ngh_%me_sr__r]oul gf’ﬁrg%%ﬁﬁ?' yd:rhgg?or
from 0.01 to 1 w % Doping of sulfuric acid can a!éer s teiaﬁth ¢

of formed pmnemrtmaan e@nt r Phéh@lto &Q{fﬂaéi\?Qlf'h £lec a1

15 capaci t ance. e conce
UL ur | o Al obrolysipmesmidticn 69" Ay gzl d op o) ess (han
0.01 wt _%wll not prOV|de enough effec{s on the usa_le rate’o he 20
Copac, Bncametamrar| bpca cpmstUtaian ORI | SAUA IS R
Slr 21(‘: ; glb%lfalel(;isséjghlajdr;edfan#émrpclméﬂi%tion cpaggsdi éﬁﬁkﬁ!ﬁhoﬁni inByahd
conditions, causing a drastic decrease in ESR and capacitanfce
charact er | POLEMETA EbiickseRavi ngharedyboranstngr detdengel AR L1bGkdge
current characteristics owing to stresses occurred when the
C capacitor elements are layered. |
10 The concentration of sulfuric acid in electrolytic
_solution for polymerization should preferably range from
0.01 to 1 wt %.. Doping of sulfuric acid can alter the
filling factor of formed polymer and can contribute to 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
(_ﬁ,“ brovide 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
26 may be involved in the electrolytic solution for

polymerization and the alcohol concentration in

electrolytic solution for polymerization should Preferably



25 may be involved in the electrolytic solution for polynerization and the
al cohol concentration in electrolytic solution for polynerization shoul d
preferably 11 range fromO0.5 to 20 in wt % The addition of organic

sol vents such as alcohols to the electrolytic solution for polynerization
can performespecially to restrain polyqerization reactions on edges,
resulting in inproved 5 surface conditions of conductive polyners produced.
Fol | owi ngs are the organic solvents: nethyl alcohol, ethyl alcohol,

n- propyl alanlgel ,£f2omr opyl €bC@pO! inNwUt ¥l h s2=hut yl - al cohol.
3-butyl alcohol, tert-butyl alcohol,¥§2e¥oni??ﬁ?e?hgéé?%ﬁ%,&f o%%anlc

t et r ahydr obolaentst hydcdnead OalbyBols Yobul L& v i de and
di met hyl sul f oxi de. The concentrati on of aﬁ%%ﬁ%?%éin é¥€%€$%P¥%%26€§¥%Fion
for pol yneppdgmeoizaftibass tdamn O.gemtoi S égﬁeéggifgablgo becausfain

pol ymeri zi ng current concentrates on edges, causing 15 the polyner #5" have
an uneven Phﬂwmneisatibnrebqacaﬂsmmg<npoeagbgakag@g@yf1§@tjgha&ﬁﬁkggéqtics
owi ng to stresses occurred when the capacitor elenents are |ayered. The

~ concent® at FBrfateal codpmditions| ecdf ol Yo ikt Onpf)Q.?me&@;' yrBebdaté@n of
nore than 20 wt %is also not preferable 20 because of a | onger )

pol yner i zafPdhovingsdaret dheverganipobpiwentisng Medidl CAUSHHEN Progiet i Vity
of- the capacitor to decrease drastically. The solid electrolyte conposed
of conduct®¥€°Belynem-propyl alcohol, = 2-propyl alcohol, n-butyl

alcohol, 2-butyl alcohol, 3-butyl alcohol, tert-butyl

: (“ alcohol, acetonitrile, acetone, tetrahydrofuran, ethylene
10 glycoi, Y-butyl = lactone, dimethylformamide and
dimethylsulfoxide.

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

15 the polymer to have an uneven thickness, thereby causing
poor leakage current characferistics owing to stresses
occurred when the capacitor elements are layered. The
concentration of alcochols 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

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

electrolyte to have an even polymer film thickness and a



can be produced by electrolytic polynerization. The 25 electrolytic

pol ynmeri zation can forma conductive polynmer with a high steric order,
resulting in the solid electrolyte to have an even polyner filmthickness
and a 12 high electrical conductivity. The polynerization voltage shoul d
preferably range from1l to 3 V. The app]ying voltage can control the

pol yneri zation reaction to forma solid ectrolyte having 5 a high usable
rate of capacitance. The electrolytic polynerization voltage |ower than i V

shoul d not perafLall &40 e of longer polynerization tine. The
el ectrol yticegpoleyr?er%é’ﬁloﬁfo\q?mc&:gjéwhm@her than 3 V should al so not be

preferabl e becaugg SEQQ_ tJ uc as electrolysis of water or the
like will increase ro&ort | oér?g:lr}]oél, B’aogf%afﬂge C 1% Rueferakdy smasgesuch
as initialedggR 1Capgcijarce or. e_l] to decrease. Next, another -exanple
of the manufacturing nethod of T%%La%ﬁﬂﬁ%&%ﬁ eX?ﬁ%P?FiCCEHpaQQQQﬁoﬁ nthie
present i nyiiynelizh%ilch ASSfdi Gy u . That - 1s, the conductive polyner
conposing the solid é1ectro|yte |s£§o%%% 5y %?%%&r8#9?FE°5§F9W§P¥2&Bion

using ¢ agubdadh QEQQQ@Q&MEECOgOEHbEQQt% lcgPol yneri zation containing at .
| east a nononer, napht hal enesul fonic acid conpound 20 (hereafter referred

2 Te o bomouna LT e Sut b S YA AR BySRCERAL V0T,
t he surfacehould nqt be preferable because of longer polymerization
time. The electrolytic polymerization voltage higher than 3
C:}_ V should also not be preferable because side reaction such
10 as electrolysis " of water or the 1like will increase
broportionally, 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
139 is described roughly.
That is, the conductive polymer composing the solid
electrolyte is formed by electrolytic polymerization using
(%1 | aqueoﬁs electrolytic solution fdr prolymerization 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 1072 N/m. The method can pProvide
& solid electrolytic capacitor with a high usable rate of
25 capacitance and with little decrease in characteristics

even in hot and humid conditions. -



tension is lower than 70 x 10-3 NNm The nethod can provide a solid
electrolytic capacitor with a high usable rate of 25 capacitance and with
little decrease in characteristics even in hot and hum d conditions. 13
\/( (SCaH)n » =1 m= 0 (I 1) (AmA (CH) or (=0 The nol ar concentration
rati o of conpound (I'1) to sulfuric a0|3 | arger than 50 1 should not be
5 preferabl e because the small er conten 3of the sulfuric acid makes little
i mprovenent in the usable rate of capacitance. The nolar concentration
ratio of compound (I1) to sulfuric acid of smaller than 4 . 1 should al so
not be preferab e ause-the large content of the sulfuric acid causes 10
as #&Heases i nncaphcitance in hot and humid
of ESR or the I|ike. Enplox o the electrolytic
solution for 4on havi ng surfiac@ tension |ower than 70 x 10-3 N'm
can inprove the "g( rformance to dielectric oxide filmand can 15
provide a further excellent usable raAe(dDE@aﬁaeﬂppnce The effects,
however, to inprove the usable rate of capacitance by adding sul furic acid
and adoptlng surface tension lower than 70 x 10-3 N m can be obtai ned only
- when the electrolytic solution for polynerization containing 20 conpound

(11) is enpl oyeshe Oméier OtdiHcdiith kY lrati@P Ml 8BGSHLEGN ¢rfF1 ¢ added
in the electrolytic solution

sulfuric acid of larger than 50 : 1 should not be

condi ti ons,

9. preferable because the smaller content of the sulfuric acid
(ﬁl' makes little improvement in the usable rafe of capacitance.
The mplar 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
100 undesired effects suqh 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™® N/m can improve
the wetting performance to dielectric oxide film and éan
(“‘ I5 provide a further excellent usable rate of capacitance. The
effects, however, to improve the usabie rate of capacitance
by adding sulfuric acid and adopting surface tension lower
than 70 x 107 N/m can be obtained only when the.
electrolytic solution for pPolymerization 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 fhe
‘usable rate oflcapacitance. The result may be caused by a

difference in polymerization conditions  of the conductive



for polynerization will achieve no effects to inprove the .usable rate of
capaci tance. The result may be caused by a 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
valve netal due to the difference in dgpants. Applying voltages on
external term nal and anode 5 conposedléf val ve netal respectively during
el ectrolytic polynerization can provide the solid electrolytic capacitor

w th a furhardagh bl e of capacitance, and excellent inpedance
and Ieakagg c3??gﬂt%%%g%gc%e9$§%§5?nFﬁ Hﬁgﬁ?%%%ﬁnﬁ?ﬂﬁ%%trQDiﬁheofa?heis
t hought t habnéelitageas | anade _conposed of valve netal to form
conducti ve pgl ymarg\%i Iﬁg%ﬁiagh a:i)llg:n 8§‘H§ﬁt sOkadiqueh o snpfagesvalve

diel ectri cme@shd@ubi k85 +REOY] he valve pgetal, causing internal fine
pits of rough surface of thgigggﬁgﬂﬁ%tgP ?8p88¥$rlled 15 with conductive

polymer with a Apgiiveh&Ct & nduct i vJ resulting in the solid
el ect r'osﬁl ytic capggi ?orghagibﬁghgﬁg e%glel Iee}gn SR &Qﬂ’g’%} capédci argde as
wel | as excempeséd igWwedange Ghe¥Aft 6fd Std GsSy i hi .requenci es. )
Additionally,b t he reductigﬁ of |§§k§§%ﬁ%%$$¥ﬂé¥¥ﬁ g“E&BHbs%ﬂeHE§°%¥¢¥§)

di el ect 11 cpoxyderdzhtof obaRlpabvihe $HE Jdify O ARDLY NG, valtades on

val ve netal. By adding organic solvents or noniofnic

t he surf.acneithngi orfunftigirechighyli Cus@bill ORER of capacitance, and
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 valve 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 10-3 N/m, the solid

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

characteristics in high frequencies. Especially



pol yneri zation to lower than 70 x 10"3 NNm the solid 25 electrolytic
capacitor is provided with excellent | eakage current characteristics and
excel l ent inpedance characteristics in high frequencies. Especially, 15
pol ymeri zation reactions on edge portions are restrained, enabling to

| mprove surface conditions of forned cog&yctive pol yners. The nonionic
surfactants are as follows: acetylglyc surfactants, silicone
surfactants, 5 polyoxyal kyl enegl ycol surfactants, fluoro-surfactants or

the like. |g8H e AAGIANT §eag9§§¥§r ,onu?]gg%%;?gc% it iﬁ%if“tf%elréemr ot h(ei'_

surface tension are apt to coordinate

causi Nng pPoGindHMGHANGS LR eL). Skl | high frequencies and little
effects on reduc?ifbgn in lea a%eéhgﬁégénlf:gnégsl?gsn8fr %szqlf“}ﬁdntc%‘rﬁmcuve

pol yneri zatgdiyme@act | OphaN  £89€Snifhe ivatives_added in electrolytic
sol ution for Iir|c;1f:)l ymeri zation can provi %gré&?g)gr? ﬁést i v8THol yier otHoys: 15

stabl e fil mdptghigiycolln anotgﬁifégi%g turing.k usi ng conmpound. (I1)
of the present invention, the pheno -gg?ivatieggigﬁgﬁld pF@Fggﬁﬁpﬁtée
. sel ectell f pedydxylaaksledeg18icoNi t&HOPAENQIntLs CYaP 0 dr oxybenzoi c
acid and hydroxyphenol and the 20 concentf%ﬁ?bn o?ggﬁgn%Prgé?£§%¥§vegrin
‘el ectrol ytithe ddket.i on for polynerization should preferably range from
0.001 to 0.2 nol. Enhancing the order of pol yner skel eton,
Tonic 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
polymerization dan provide a conductive polymer with a

15  stable film quality.
In another manufacturing method using compound (II)
of the present invention, the bphenol derivatives should

preferably be selected from at least one of: nitrophenol,

TN

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 conditions.
The concentration of phenol derivatives in

electrolytic solution for polymerization smaller than 0.001



t he phenol derivative can provide the solid electrolyte wth a further -
excel l ent ESR and capacitance 25 characteristics in hot and humd '
conditions. The concentration of phenol derivatives in electrolytic
solution for polynerization smaller than 0.001 16 ol w |l cause decreases
In heat resistance owing to a |ower degree of order of the formed pol yner.
On the contrary, the concentration of enol derivatives in the

el ectrolytic solution for polynerization greater than 0.2 5 nol is not

f o M t trat dges d t
pref er abl en§ecapse PSR! | dLBZeSYELCN, HQ0 ﬁnﬁ%$§7§£?8$ﬂie S ?%phg‘:pgby

faster polynerization rate, causing an unev

causi ng desgeASegddréLakage n{,gChafactgri sti-cs ing to gstresses
occurred when the c%?)a%i {%fr;’ gl\félirr?rerﬁt éfar gﬁgaygétﬁédl@%%ﬁ i d @’Pec‘i%l ytic
capaci tor gbsed d ignd hg s LAV i rises. a.dielectric oxide
film a solid %Ig%ct rol yt eo?gégffggﬁ%@sg? opﬂggﬁgﬁc‘%l Ve’ %Jr%r?naﬁd‘e a

cat hode | ayBects IRRPEL & e @ARHIdN YEQR %l%%@%g%lﬁcg%nf r a1¥§4l_v%t1g$t ?sQa

wherein the conductive polyner includes at ast Tonpound

dopant 5 Asmslbpariss having préherat 148" O adide) Ofb1 ggizgg‘%m NGirddlg doped
conpound (I) can provide a solid c electrolytic capacitor t h"éxc ent

| eakage curomrdntierest ohi sdges AWe oides €A3EAS! YdiSeTS 2deL B2nd 20
hum d environnments. Moreover, the solid electrolytic™ capacitor conprising:
a di el ect réanmivigle ahl munavedl | bolymer thickness, thereby causing
decrease in teakage 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 includéé at

15 least compound (I) as a dopant.

As dopants having cai‘boxyl group carry out good

forming, the doped compound (I) can provide a solid

Ty

electrolytic capacitor with excellent leakage 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
polymerization. The solution contains at least a monomer,

compound (II) and sulfuric acid, wherein the molar



el ectrol yte | ayer conposed of conductive polyner;'and a cathode |ayer
formed sequentially on an anode nade from valve netal, is prepared by

el ectrolytic polynerization 25 using solution involving water as sol vent
for polynerization. The solution contains at | east a nmononer, conpound

(1) and sulfuric acid, wherein the nDI?% concentration ratio of
om 50

conpound (Il) to sulfuric acid ranges

tension is lower than 70 x 10-3 NNm The met hod can provide a solid

el ectrol yt g capach

el ectrol ytic capaci

dls%F%%e

1to 4 1, and the surface

wi Lh a hi usable rate of 5_capacitance. The solid
}E%n dgfn THRPORR seH ) nvERt | BHLFYTrdes@eibd

with refer o] anpl.es t he pres I nvention is not so limted
to the exgérl]rﬁpges f%(‘}ﬁ'lz @( dn 5\5 schéha c?tb%ssgegﬁpﬁnaqeﬂﬁlé’ﬂ oks t he

solid eleci

i nventi on.

used as a@ﬁcgro%igat capachidos diglegtric ox f| I m | sp%orﬁrrg(r:l 9t

Subsequent |y,

Id el'eCtrolyte 3 conposed o%

SRR T AR T E?ﬁr—ié% ' esaﬂ(’)%?nt RFONLES Garabit | s

f or med 5andcggd 8peend&r m nal section conposed of carbon Iayer 4 and silver’

|l ayer 5 is fornmed. Then, by packaging externally using epoxy resin, not

shown, the sol ihe el g5i{@! Yd1&comPBAt L0 SR L d1sd NS S

prepared

10

15

20

25

present invention 1is described with reference +to the
examples but the present invention is not so limited to the
examples.

FIG. 1 shows a schematic cross-sectional wview of the
solid electrolytic capacitor used in the examples of the
present invention. Etched aluminum foil or sintered
tantalum with. a lead wire is used as anode 1, on that
surface dielectric oxide f£ilm 2 is formed. Subsequently,
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 so0lid

electrolytic capacitors described in the examples are
prepared.
Next, the examples are explained specifically.

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

( EXAMPLE 1)
Etched aluminum £foil dimensioned of 3. mm X 4 mm
attached with a lead wire is used as an ancde. Dielectric

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

anp}ei are

20



~Next, the exanples are explained specifically. Conpound (1) (m2 and n=1)
Is used in exanples 1 through 4. ( EXAMPLE 1) 25 Etched al um num foi l
di mensioned of 3 MfMx 4 mm attached with a lead wire is used as an anode.
Dielectric oxide film2 is formed on a surface of the etched al um num 18
foil by dipping the etched alumnumfoil into solution involving water
containing 3 % of ammoni um adi pate for 1&nodi zati on at 12V and at the
solution tenperature 70C for 60 mnutes. After dipping anodi zed etched
alumnumfoi|. 1.5 i ol.utiop invol ving wat er. contai ni ng 30 % nanganese

.S
nitrate, anottz&¥ e?&ﬁ’?&ngl ukPfuR¥hed 1 3lamimums g fadd ointe heselaitiitonon f or
air dryi ng, anf js finall progessed for thermal deconposition at 300C for
10 mi nut es 10 T oI ﬁ{fﬁzgﬁi‘l{egé’n fiLBengonpost nPth gapendpms opdipatectfios yte 3
10 Then, solutjon jnvolving water for polynerization conposed of 0.5 nol/L

of et hyl erf&ff HobndhelfBndher adndrep splrfiian Jrempemminre (70°C ez, n=1)
[ 10 th Lid.el t | yte. t ' |t initiat

bol yrrer 70 Gt dbEs, BeiRE. QaBpife Haodfizdy ' STAREE catimiBum Epthum f o
to f t ' t t \ d | utJ t t f 25C i
e of fot ity o EIEE (ideihd] sfaned Mol a it ALY omansapeasa (1)

t he el ect utio ymert zati
(m=2 and r[li:ﬁ%_ 1 : Rosi e, conductive lymer in
'solid electro E§/1$tée)' 3al S%E%a%f&%ﬂgg g&'bsec ﬁt#gflagcgﬁ eBUjEJaﬁQ‘goﬁuT'soﬁri ed

to form caiPnNgolution for air drying, and is finally processed for

thermal decomposition at 300°C for 10 minutes +to form

(;: manganese oxide composing a part of solid electrolyte 3 .
.19 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 Fform
the solid electrolyte. A terminal to initiate
polymerization is placed close to a surface of the etched
15 aluminum foil to form the solid electrolyte 3 at 2 Vv and
so;ution temperature of 25°C in_the electrolytic solution
for polymerization. The content of compound (I) (m=2 and
(“ﬂ n=1)} 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 solid electrolyte and then a coated silver
bpaste 1is 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
26 shown, 10 pieces of solid electrolytic capacitors with the

ratings of 6.3V, 10 puF are prepared.



| ayer 4 on the solid electrolyte and then a coated silver paste is dried
to formsilver layer 5 on carbon layer 4, formng a cathode term na
section using both two |ayers. Then, with packagi ng externally using epoxy
resin, not 25 shown, 10 pieces of solid electrolytic capacitors with the
ratings of 6.3V, 10 F are prepared. 19 EXAMPLE 2) By the nethod simlar.
to exanple 1, the etched alumnumfoil *¥s anodi zed to formdielectric

oxide film2. The anodi zed etched alum numfoil is imersed in solution 5
and i s then

ngflriggtggégémgq*ééigin%OSLithggtfg-?glﬁP;e ggLéﬁgi!Lgebolyner conposi ng
Solvent ” for porymetPEar PERBENsCatIaE 055 RAFDIS oy r obee 10ssmsher

ol ectrol yrerotatln FTRCHRC Aldai e o ben; s B1BRER T, siinere L 0o 1| ons
ol vent 1orTporynairen ane e flithbne taln 7 brnPaed S pebuiion
cl oot ol yt oy SRPORRBLEH! (ot o TR P R S Bt S FraR o 1

Then,_ 20 N4t 10N thBROMEARY 1R 1O 20PY B 2841 QP dissolving a

conductive polymer composing a part of the solid

electrolyte 3. Then, solution involving water as solvent

( 5 for polymerization dissolving a 0.5 mol/L of pyrrole

10 monomer and a 0.1 mol/L of compound (I) (m=2, n=1) is
prepared to form the solid electrolyte.

The solid electrolytic capacitor is prepared under
conditions similar to example 1 except the condition of
solution involving 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 0.1lmol/L
of compound (I) (m=2, n=1) is prepared to form the solid
electrolyte.
| The solid electrolytic capacitor is Prepared under
25 conditions similar to example 1 except the condition of

solution for polymerization;



0.5 nol /L of ethyl enedi oxyt hi ophene nononer and a O Inol/L of conpound (1)
(me2, n=1) is prepared to formthe solid electrolyte. The solid

el ectrolytic capacitor is prepared under 25 conditions simlar to exanple
1 except the condition of solution for polynerization. 20 ( EXAMPLE 4) By
the method simlar to exanple 1, the etched alumnumfoil is anodized to
formdielectric oxide filmz2. Then theZ&nodized etched al uninumfoil is
imersed in a5 1.0 % pol yet hyl enedi oxyt hi ophene wat er - al cohol m xed

sol ution cqnﬁm% 140)/0 of conmpound (1) (m=2, n=1) and 3 % of binder
conponent. "After pull'i'ng out of the solution, the anodized etched al um num

foil is dried-a 5 for ) nutes. to forma |ayer of sulfonated 10
pol yet hyl enedi o%#hiqu erqlée.qzhé’[ﬁosgdﬂ@rﬁaﬁ/, the SFIPLRd dtchébeal abthed f oi |

oty oe R S S TR, B LGN 05T
ol vent . arrer i afbudsele ool Arthunon | €8] o cammeehen’ hura num

pol yet hyl aneq oxyt i borEac Y hareaiorgthbBhnd”) ' harSrericehbionduitade.
pol yrer . Thelgelofl 20nebenisng! Wd Cof 283hbbARa I1) BREY HIFST Sgnd 1 oS

of binder component.. Affer pulling out of the solution, the

| 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-butanol, a polymerizing solvent. After

pulling out of the solution, the anodized etched aluminum

foil 1is left at 85°C for 60 minutes to form a solid

electrolyte composed of polyethylenedioxythiophene that is

i

a 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



to exanple 1 except the above. (COMPARATI VE EXAMPLE 1) By the nethod
simlar to exanple 1, a dielectric oxide 25 filmis fornmed on an outer
surface of an etched alumnum foil to act as an anode, then a conductive
pre-coat conposing a part of the solid electrolyte is formed by heat 21
treatnments. Subsequently, solution involving water for polynerization
dissolving 0.5 nol/L of pyrrole nononer2land 0.1 nol/L of sodium

but yl napht hal enesul f oni c aci dis prepared to formsolid electrolytes. A
termnal toinitiate 5 grrerization S El aced close to a surface of the
el enent t'FeIFERER- sol $‘d spgEenbly: e aelubloni obnvehpinat wateaf £23C and
at pol erEI’I atlon voltage of 2 Vinthe electrolytic solution for

pol yreri z&t BAkeRierdgsobying t ReSmBiHdd spHi PEFrodecramomer] and

car bon Iayer and f %I | ver_ | ayer. are forned to make up a cat hode
terminal %etctiBH /%\ her? gi PRt %&?@Phﬁh@%ﬁ%%i@%scof agdfli dis
electrolytic ca itors are ar ed EXAMPLE 5) 15 Tantal um powder
fornmed enth er(ﬁ%e&pegﬁcq?t Cgltfr‘fl%]r‘iacbtf oYt uh IaRiNale turindddstes
sintered fl%mantan%de of dmn(]’ l% 3.0 nmw de and_3.8 nm | ong.
The anode %Y 1Saqme%ﬁ§ phi gﬁﬁor' c %o?‘d‘ff%ﬁet 8ft &h@ g#lempBEectric

(anodi zi ngy® °Peép'§. S B0 0 o R nde Sty ney cEaperating nafes | n
~ 25°C and at polymerization voltage of 2 V in the
electrolytic solution for polymerization. Subsequently, by
(w' the mefhod 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 portibn 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
' (H' immersed in aqueous phosphoric solution to form a
dielectric oxide film on the anode surface by applying 20 V
20 for a forming (anodizing) reaction.
Subsequently, the anode 1is 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 anode 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




aqueous et hyl ene glycol solution dissolving pyrrole, a heterocyclic
nmononmer, and conpound (1) (nme2, n=1). After pulling out of the solution,
the anode is imediately 25 i mMmersed for 10 mnutes in oxidizing solution
conposed of ethylene glycol solution involving water dissolving ferrous
sulfate (111), an oxidant. Then, pulling out of the 22 oxidizing solution,
the anode is washed for formng for re&&toration and is dried at 100C
Repeating 10 tines of serial operations fromimersing in the electrolytic
solution for polynerization to the formng for restoration, 5 a solid

el ectr ol yP¥Li8dFadgedsolutdpfucttnfe poPdgeris s washede dfoRextorming r fate of
the solid electrolyte is inpregnated with solution involving water

‘cont ai ni ngesterajion gindaiBodrped i at e308/€. 2 Repeasfingyridyatines anf
prepared 10 to_pH1O0 by adding ammonia, and is dried at 150C to forma

car bon Ia?@FFQ&(Nﬂﬂﬁﬁ%#%&?%iI@%?mpa§FQEF§9§B i st hebhe apgiliestrodythe

car bon laéﬁiﬂto make up the capacitor . elenment. Next, the tantalum | ead

wireis c Eon 6T ReLyMsdd 2afslane 1 ntie oFaTRIRY: f6de reStoraLions

connected to t catﬁod% f _.capacitaor ﬁ:e nt via a. conductive adhesi ve.
The solid® eP8Fol §LEE EQEXEFtofopgoﬁﬁ i sREd SPRERCEAVEr | RGLYRETWhbF e

~wWth a pa%ka E@g resin such that portions of the anode and cat hode
termnals are Xposed (D size: 7.3 x 4.3 x 2.8 nm. 20

Next, a surface of the solid electrolyte is
impregnated with solution invelving water containing 2 wt %
(7' 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 layver. 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
{w= 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 film is once
immersed into sclution for polymerization for 5 minutes,

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



( COVPARATI VE EXAMPLE 2) By the nmethod simlar to exanple 5, a dielectric
oxide filmis fornmed on the anode conposed of tantalum In this
conparative exanple 2, to formthe solid electrolyte, the 25 anode provi ded
with the dielectric oxide filmis once imersed into solution for

pol ymeri zation for 5 mnutes, and is then pulled out of the solution. The
solution is 23 ethylene glycol solutid&d3involving water as sol vent

contai ning pyrrole, a heterocyclic nonomer, and sodi um

but yl napht hal enesul fonic acid. The solid electrolytic capacitor is

prepar ed FHdEFlehdi ILERSLsi FQlgrtian exdRPPEvVENG etaliwr t hasabewdvent
conditions (D sjze: 7.3 x 4.3 x 2.8 mm. (Measurenents of ESR val ues and
capaci t an&ERtaing 1 RS ni 13 ahedfhostddicst imenamiar ESRN| gediumf t er
hum dity test (60C, 90% 6.3 V and 500 hrs.) of the _10 solid electrolytic
capaci t or & pudalienssmifianio (36digh 5 Bl c8fpddat isdecttadptds 1 and
2. ESR val ues are npasured at_100 _kHz. Table 1 ESR Capacitance nﬁg (NF)
Initial AGHRRTERAT 137 (FEFPEEFpIRIGT 5Q0Rditons pimilpr Fosexempie.

~ Exanpl 10Q. Exanpl e 4 10.
Al 8 3 Q2% Wi atoiRichdt tiony (B sdze: 7.3 x 4.3 x 2.8 mm) .

(Measurements of ESR values and capacitancesf
Table 1 shows initial characteristics and ESR values
'C-. 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 kHz.

" Table 1

ESR Capacitance

(mS2) (uF)

Initial After test Initial

| Example 1 53 62 10.2

( Example 2 58 68 10.5

Example 3 55 80 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 forming for



Exanple 5 86 99 20.4 Conparison 1 54 256 7.9 Conparison 2 95 112 17.3
Table 1 shows clearly that ESR characteristics in 15 conparative exanple 1
beconme worse significantly after the humdity test conpared with those in
exanples 1 through 4. This proves that compound (I) perfornms good formng
for 24 alum num while sodi um butyl napht hal enesul fonic acid, used as a
dopant, has a great influence to decrea2é ESR characteristics in humdity
test. The conpari son between exanple 1 and exanple 2 shows 5 that a

wat er - sol ub] e polyaniline to act as a conductive polyner conposing the
solid el ecRltepypeneaivhideyisrdiwyubpiydnepbthadraesviléondci aarid,Conpedi son
bet ween exanple 1 _and exanple 3 proves that water is an effective base
sol vent, aRSESR cH9PaBLeri 88Scsa 1@xsAter IARAURNGL t ke t@edreasde ERR se

wth el ectrol%ti c. solution for olﬁyrreri zation using solution involving
et hanol . MRPRLISFeripkics 1oy » +bYyteStprepared in exanple 4 using a
chem cal pol ymei]iézat lon Wit h an oxi dant cannot have 15 ESR characteristics

equi val ent to eXanpF8 RETHRCY RFVEER ha¥amPLe ol 3r9 cepampher iz ahaws i s
Rt b T I R R R
between exgiflfed AAAnEBMRAL 't X AM4G 1 e RO REIYES" can  proviae
equivalent ESR characteristics.
i .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 pplymerization - using solution involving
ethanol.
Moreover, the solid electrblytes Prepared in example 4
using a chemical polymerization with an oxidant cannot.have
15 ESR characteristics equivalent to example 1. This proves
that electrolytic polymerization is superior to chemical
polymerization to provide the solid electrolytic capacitﬁr
{ 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 initial 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



20 exanple 5 and conparative exanple 2 prove that bul ky dopant such as
sodi um but yl napht hal enesul foni ¢ acid causes a significant decrease in
initial capacitances owing to difficulties to produce orderly conductive
pol yners. 25 ( EXAMPLE 6) In exanple 2, 10 pieces each of the solid
el ectrolytic capacitors are prepared g’the method simlar to exanple 2 25
except content of conpound (I) to 1 nolZ2®&f nmonomer conposi ng conducti ve
polymer varied to 0.001, 0.01, 0.05, 0.1, 0.5, and 0.7 nol respectively.
Tabl e 2 Cont ent, of conpound ) Initial ESR (rol) (mQ 0.001 96 { 0.01 71
0.05 33 (FCeRF (cankent o 9f socompaipfe $Idndtel GL 2msHow athe moslomeiron
bet ween content of conmpound_ (1) and initial ESR values of the solid
el ectrol yt‘fq{“l?%ﬁi'd}ﬁ t SPgduE‘SR"?aIH?ééf“ﬁre Fessed edoat0 10 kHP.- 01k @.05.proves
clearly tt}g éJ idele trolytlc ca aC|tors have excel |l ent ESR

[ T%t Vat

char act er H’mc & - hdto ik Hi&pound (1) to 1 nol of mononer
conposi ng con(;ll|r1‘_=lct;t]!eve2 polymer ranging from0.05 to 0.5 nol, but the
Content of compound (I) . Initial ESR
(mol} (mQ)
0.001 | 96
i 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 wvalues of the solid
electrolytic capacitors. ESR values are measured at 100 kHz.
FIG. 2 proves clearly that . solid electrelytic
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 characteristics tend to be worse with the content of
less than 0.05 mol or more than 0.5 mol. Therefore, .to
enable the so0lid electrolytic 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.



ESR characteristics tend to be worse with the content of |ess than 0.05
nol or nore than 0.5 nol. Therefore, to enable the solid electrolytic
capacitors to have further 15 excellent ESR and i npedance characteristics
by using conpound (1), the content of conpound (I) to 1 nol of nononer
conposi ng conductive pol yner should preferably be controlled in a range
from0.05 to 0.5 nol. 26 ( EXAMPLE 7) 26 exanple 1, 10 pieces each of the
solid electrolytic capacitors are prepared by the method simlar to
exanple 1 except content of p-nitrophenol into the electrolytic 5 solution
for pol yneki Qﬁ?\%&led to 0.001, 0.005, 0.01, 0.05, 0.1, and 0.2 nol
respectively for formng solid electrolytes with p- n|trophenol cont ai ned
in conductive %ﬁﬂ%ﬁﬂﬁP r%taFPyPl¢§§See@chnﬁthdrﬁleﬂ &SR BSRyafiicer
1000 82 nﬁ% hrs. 0 30 188 0.001 28 110 0.005 29 80 0.01 30 37
0. 05 33 3gapacitprs 3@1?‘3591‘9]921‘#@ by the method similar to example 1

except content of p-nitrophenol into the electrolytic
9 solution for polymerization varied to 0.001, 0.005, 0.01,
0.05, 0.1, and 0.2 mol respectively for forming solid
electrolytes with p-nitrophenol contained in conductive

pPolymer partially.

| ( ; Table 3
Content : Initial ESR ESR after 1000

(mol) {mQ) hrs.
(mQ2)

0 30 188

0.001 28 110

0.005 29 80

0.01 30 37

0.05 33 ' 38

C 0.1 39 | 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 values 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



10 Table 3 and FIG 3 shows ESR characteristics for initial and after a hot
no-l oad test (125C, 1000 hours). ESR values are neasured at 100 kHz.
EXAMPLE 8) 15 In exanple 1, 10 pieces each of the solid electrolytic
capacitors are prepared by the method simlar to exanple 1 except content
of sulfuric acid to the electrolytic 27 solution for polynerization varied
to 0.005, 0.01, 0.1, 1.0, 1.5 and 2.0 ®F % respectively for formng solid
electrolytes with sulfuric acid contained in conductive polyner partially.
5 Table 4 and FIG 4 shows initial capacitance characteristics and ESR
val ues forSehptian £A¥ pplymexizptipsi manied 60T, 0% 0608, . 5001 heour s)
of the soljd_electrolytic capacitors. Capacitances are neasured at 120 C
kHz, and Eg valais - afeOnedthir e at respertively FIfor 4, fokfimigyht sdbidl

| eft-hand vertical axis represents

verti cal axgs {g@iesents capaci t ance, . >
ESR val uesSsRathoty toht A1tk Sulidiiiss e dopoataiseds ulihur conduciiverabl e
4 Cont ent I%itial ESI%lEgg_after 500 Capacitance (wm %9 (nmQ hrs. (RF) (nQ

) 0 45 55 AY-FIET PHH %0 10.05 0.01 36 44 11.56
) 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 hoursf of the solia
electrolytic capacitors. Capacitances are measured at 120

(jV - kHz, and ESR values are measured at 100 kHz. 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 %) {mQ) hrs. (uF)
(m€2)
0 45 55 10.01
(f} : 0.005 40 50 10.05
0.01 36 44 11.56
0.1 37 45 11.3¢9
1 37 48 11.89
1.5 34 90 12.19
2 34 185 12,02
15 FIG. 3 proves clearly that the solid electrolytic

capacitors with content of p-nitrophenol ranging from 0.01

to 0.1 mol have excellent ESR characteristics and that the



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 solid electrolytic capacitors with content of

p-ni trophenol ranging from0.01 to 0.1 nol have excell ent ESR
characteristics and that the 28 ESR characteristics tend to be worse with
the content of Iless than 0.01 nol or nore than 0.1 nol. To provide,
therefore, the solid electrolytic capack8ors with stable characteristics
even under hot conditions by adding p 5 nitrophenol and causing to hei ghten

the order of polymer skeleton, the content of p-nitrophenol should
pr ef er abl ygsgaﬁﬁ’é'%ﬁlﬁiﬂf% tendnde. Um)| WeRsfg widd: t thes cantenéadHf

p-nitrophefol ve egﬂ evgiuated as showng the simlar effects: p- 10
cyanophenot©S$- xyYb&rnzofetad™ BRTCp- BYAR 0X3dhemoll.. Fe Hrgrisiess
clearly thgﬁ th sgli el ectrol yti capacitors with 0.01 to 1 wt 9% of
sul furic acra-falee e | EREHEapalettrety BHar £aRaqidians withelstable
prOpertiesc uggg egih' h huniq;ty. The gﬁpacitanqes show poor _val ues 15
with the sTrFURTECEEP T CBnteIRR ofiNdess B9y 6oBEifdons by e@RiRar Dy, ESR
charactgeri sig % t &f rse in, humdity te h with sulfuric acid
content of rr{[:)r%p %g%l 140 ity ot ,le%h%‘?’bvi% & 19%IeB| P AU ytic
capaci t or ¥kéfeﬁ&nl”QﬁEQSSQnHéﬂQ'%méaiﬁnﬁkz%ﬁ 3525k 08%a 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 cyanophenol, 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

(‘5 wt 3. Therefore, to provide the solid 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)
25 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 for



20 well as a high noisture resistance by inproving the filling ratio of
formed polyner, the content of sulfuric acid should preferably range from
0.01 to 1 w % EXAMPLE 9) 25 In exanple 1, 10 pieces each of the solid
el ectrolytic capacitors are prepared by the nethod simlar to exanple 1
except content of 2-propanol into the solution for 29 polynerization
varied to 0.1, 0.5, 1, 10, 20, and 30 wB9% respectively for formng solid
electrolytes. Table 5 and FIG 5 show initial |eakage current
characteristics (6.3 V, 1 mnute value) of the solid 5 electrolytic
capaci t or sPolymerization garikdndoved t1cad.5xi 4,r €r,eseof s apdl WORKZi NG
time, left-hand vertical axis represents |eakage currents, and horizontal
axi s reprecefPectivelentonf forpingaselid GFectrélpteses cl early that the
.solid electrolytic 10 capacitors with 2-propanol content ranging fromO.5
to 20 wt % havEeRk@el? ertnfleakEge chrrebewchinitiali sleakagdhecutmakage
current characteristics tend to be worse with the content of less than 0.5
W % ContTaFTaStenistigminol6-3onf entl ofmiminte t Hamle®) wt ofo cus esscl.ddonger

pol ymeri zi 15 tjnme, owi ng to poorer polynerization reactions. To provide,
"t her ef gre,enf?\%tg%irwa"‘él & WHOTE -capddi tBFG- with skobltrband |eakbgal

current chaar:{ict egi stics, by d(r)L [ n%_or, ani ¢, solvents C such as al cohols into
the el ect r'oryi i ESRBPEERER PO e’mﬁ A ZAMon Lteftehanpdi veaitdcal axis

pol ymer i Z%éﬂ]esre%atcéifgakage 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 2 have éxcellent leakage current characteristics. The

leakage current characteristics tend to be worse with the

content of 1less than 0.5 wt %. Cﬁntrarily, 2-propanol

content of more than 20 wt % causes a longer polymerizing

15 time owing to poorer polymerization reactions. To provide,

‘therefore, the solid 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



20 preventing currents fromconcentrating on edges, thereby inproving
surface conditions of conductive polynmer,; 2- propanol content should
preferably range from0.5 to 20 w % 25 30 Table 5 Content Leakage
current Polynerizing time (wt $) (nA) (min) 0 9900 20 0.1 1300 21 0.5
200 24 1 150 25 10 160 28 20 190 30 30 190 60 Follow ng organic

sol vents instead of 2-propanol have bee@0Oesti mated as capabl e of providing
the simlar effects: nethyl alcohol, ethyl alcohol, n-propyl alcohol,
n-butyl 5 _alcohaol, 2-butyl alcohol, tert-butyl alcohol, acetonitrile,

acetone tef Pof ur an, et hyl ene glycol, y-butyl |actone dinethyl
formam de[and dimethyl sulfoxifde. ~. " EXAVPLE 10 t6—tnmexanpte—1+—39
pi eces eath of tBensehkd el ectrollglakageC apadeh®r S |AR IYnRRAEHPY 1R
method sipmlar to exanple 1 ¢xcept polynerizatior] voltages varied to|0.5,
1, 2, 3 ahd 5__V sgekctivel y|for el ecmd) ytic pollyneri zat(indm)
0 9900 20
0.1 1300 21
0.5 200 24
1 150 25
10 160 28
(,’ _ 20 190 30
30 130 60

Fol;owing organic solvents instead of 2-propanol have
been estimated as capable of providing the similar effects:
methyl alcohol, ethyl alcohol, n-propyl alcohol, n-butyl

58 alcohol, 2-butyl alcohol, tert-butyl alcohol, acetonitrile,

acetone tetrahydrofuran, ethylene glycol, Y-butyl lactone

dimethyl formamide and dimethyl sulfoxide.

( EXAMPLE 10)

ey

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. 6 show initial ESR characteristics.

15 'ESR values are measured at 100 kHz. Tn FIG. 6, right-hand
vertical axis _represents polymerizing time, left-hand
vertical axis represents initial ESR values, and horizontal

axis represents polymerization voltages.



Table 6 and FIG 6 show initial

ESR characteristics.

15 ESR val ues are

nmeasured at 100 kHz. In FIG 6, right-hand vertical axis represents
polymerizing time, left-hand vertical axis represents initial ESR val ues,
and horizontal axis represents polyneri
Vol t age ESR val ue Pol ynerization tine

2 25 25
capaci tor
excel | ent
vol t ages
with the
provide t
char acter,
t he react
pr ef er abl
X 4 mm at

32924 .565 19 FIG 6 prov

zation voltages. 31 Table 6

V) (MQ (min) 0.5

32 60 1 30 35

that the solid electrolytic

s prepared by polynerization voltage ranging from1l1l to 3 V have
ESR characteristics. Polynmerization rates 5 decrease with applied
I than 1 V. Contrarily, ESR characteristics tend to be worse

Vol tages nhrgher than 3 v as ordertry pprynmers are

he sol ivbledaget r ol ytilc capE8R twalud here
istics by controlling the 18@50Iyneriz
pol yreri

ivity of (Mol yvneri zati on,

mot—formed. To

f Pelyneitzaeieeldigit [ESR
ation voltages to restjrain

zation vo{mages shoul d

y range from1l to 3 {V. EXAWPLE
ta(‘hpd wi 1% 59 32

11) 15 [Etched alumnumfoil gf 3 mm

60

C

10

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.

decrease with applied voltages lower than 1 V.

Polymerization rates

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

polymerization +woltages to

polymerization, the polymerization

restrain the reactivity of

preferably range from 1 to 3 V.

( EXAMPLE 11)

15

20

voltages should

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 anodize at 6V

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



lead wire is used as an anode. Dielectric oxide film2 is fornmed on a
surface of the etched alum numfoil by dipping the etched al um numfoil
into solution involving water as solvent containing 3 % of amoni um

adi pate to anodi ze at 6V 20 and at solution tenperature of 70C for 60

m nutes. Then, 32 the anodi zed etched alum numfoil 1 is dipped in
solution involving water as solvent cosai ning 30 % nanganese nitrate and
is pulled out of the solution for air drying, and is finally processed for
t hermal deconposition_at 300C 5 for 10 minutes to form nmanganese oxi de
conposi ng hpaprodizedoeitghede dlwrinum 3foidxtl, s sdiipped dot re9dWteidms
formed on the manganese oxide. First, solution involving water as sol vent
for pol ymAYOHfiRH WVRERF vidg 0SSLWERLL eonteistimgl edédi oky thimyErese

nonomer, 0.1 mol /L _of conpound (11) having each of hydroxyl group and
sul foni ¢ JrouiPtR 28dpdsi mdded ol ofothep selwkien| £ori @iavidkyifg,t her

added by ethyl  alcohol to control the surface tension to 60 x 10-3 NNm is
prepared t34 obfn £hRaLLY| Brareeeed| for. thermmledegorposicriomaat t300%I ti at e

ponrreEi zaéci onHSS gl aﬁed clgse to a surface of the etched alumnumfoil to
formthe it FEBPFBPyER IPTTymAnNIANGRHRF LA €oBPOSERTaAd PALE OF

pol yneri zi .v&nlét of ZC.ESVinthe solution. At the tinme of formng the
solid el ectrolyte, S ar?p‘l i ed- on the 20 anode conposed of etched

al um num fol ! e 2808811 Y ALl SRR OLs® Farthed i " OhY! RS O S
oxide. First, solution involving water as solvent for
(i? . 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 initiate polymerization is placed
close to a surface of the etched aluminum foil to form tﬁe
solid electrolyte at solution temperature of 25°C and at
(j} 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 s0lid electrolytic capacitors with the ratings of
2.5 V, 20 pF are prepared under conditions similar to

example 1 except the above conditions.

20 ( EXAMPLE 12)
In example 11, solution involving water as solvent For

polymerization dissolving a 0.1 mol/L of compound (1)



2.5V, 20 F are prepared under conditions simlar to exanple 1 except the
above conditions. 25 ( EXAMPLE 12) In exanple 11, solution involving water
as solvent for polynerization dissolving a 0.1 nol/L of conpound (I11) 33
havi ng one hydroxyl group and two sulfonic group as substituents, and a
0.01 nol/L of sulfuric acid, further added by propyl alcohol to control
the surface tension to 60 x 10"3 Nm ¥3 prepared to formthe solid

el ectrolyte. 5 The solid electrolytic capacitor is prepared by the nethod

simlar t exangle 11 eﬁcggt tgat an external termnal to initiate
pol yneri zatTon¥s BPEcetYEF8EELt o ILOUR: f & oft%he SWARMEF al FRAMRIMEDI | to

Vin the SEEFELTERES ) e ac oG rhtky e sHToREC cReLE Semther
2l om nom 1FeRCby MR | SEehEl TBR Rl Ghngbuatepeadensivenio
2000 1or S Kurd” FAmeor ik SERRBLATI 58 pErPheEbeomiudhas ARt adhite
b L LG,
substituents, and a O.S?EﬁbI/L o?gsﬁp¥uﬁﬁ%ﬁg€%%,ggﬁg?ﬁgi §ﬁﬁgﬁn83 %9butyl
initiate polymerization is placed close to a surface of the
etched aluminum foil to form the solid 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 foil 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
r 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 solid electrolyte. The solid
25 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



al cohol to control the surface tension to 60 x 10"3 NNm is prepared to
formthe solid electrolyte. The solid 25 electrolytic capacitor is prepared
by the nmethod similar to exanple 11 except that an external terminal to
initiate polynerization. is placed close to a surface of the etched 34
alumnumfoil to formthe solid electrolyte by electrolytic polynerization
reactions at 2 Vin the solution. EXAMB4£ 14) 5 In exanple 11, after
forming the dielectric oxide film the anodi zed etched alum numfoil is

i mrersed in solution involving water as sol vent containing 5% of

wat er - sol HERLNERERLL| ke forB thet wod ik alagtmalateatbp 08B EbroByiaiut es
Cto forma conductive pol ymer conposing the solid 10 electrolyte

partial | y.PorREReTLEA Lo ré3cictns @ thar g‘(' ¥ the|sekatiern. pol yneri zation
dissolving a 0.2 mol/L of pyrrole nononmer, a 0.05 nol/L of conpound (I1)
having one sulfonic group as a substituent, and a 0.01 nol/L of sulfuric

acid,.furbhgﬁﬁﬁﬁﬁﬁgée%*isojpropyl al cohol to 15 control the surface tension
to 60 x 10- : epared to formthe solid electrolyte. The solid
cxcopt that “an Bt EFHLe it rAFLED PRFRLAG. ThEI (HHenPRIGish of ey ddm
ol oot rol yrihy ~B58afeq) SRRCE MBI, B0l da ciber aed, 16 4p hardon
sol ution. G ORMEF water as solvent containing 5% of water-soluble
polyaniline, and is then heat-treated at 200°C for 5 minutes
3 ( to form a - conductive polymer composing the solid
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 alcohol to
15 control the surface tension to 60 x 10™ N/m, is prepared to
lform the solid electrolyte. The solid electrolytic
capacitor is prepared by the method similar to example 11
( ekcept 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 dis_solving a 0.2 mol/L of pyrrole monomer, a
0.05 hol/L of combound (IT) having two sulfonic groups as

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



In exanple 11, solution involving water as solvent for 25 polynerization
dissolving a 0.2 mol/L of pyrrole nononer, a 0.05 nmol/L of conpound (I1)
having two sul fonic groups as substituents, and a 0.01 nol/L of sulfuric
acid, further 35 added by silicone surfactants to control the surface
tension to 60 x 10-3 NNm is prepared tqQ formthe solid electrolyte. The
solid electrolytic capacitor is prepare by the nethod simlar to exanple
11 except that an external 5 terminal to initiate polynerization is placed
close to a ga% of  t-he etched éjcg‘i[numfoil to formthe solid

el ectrol yt 896y el ect roﬁiyjtjl“%c"b%l yHETT IR0 r ebRt i GRBEEEL, Whey n suméace
sol uti on. {%n%iEXA LE6§6) V$ hatgs nmet hod S|n1Iar_po,exaane 11, o _
dielectric ~“OXIa8 f¥¥m°2 i% fOrmetl/Bn &F oBFEPaTRf gk@ doxa cherl salidh num
foil 1. Th lLL.um fQid.hsS. i rsed.i.n solutjon involving water
as sol vent %é%tr‘\:t% gﬁﬁﬁg 'S%r&tﬁB \/\/Es(?)&’iejr"!1 1§1?§I%58‘Ii¥t68| VEIRFFHECT ok PTePRERd
heat -t r eat 2 f My _nut conduct i ol ynmer . conposi ng
the solid %gl éei:zlzlte ro &thg%%qlgﬁ.ﬁh%%&%‘%nuﬁ oﬁfo‘W%I %F‘H‘S grtggnal
sol vent5fo ; rigati L$S0l Vi /1, of rrol e nongner, a
0. 05 ol / L&g?aggggou%% %fllﬁ'}gﬁg\%l r%di(}&% Zg agtu%n#é‘s g?%%%eés °§°§ﬁb§:t°| tdent ,
and a 0. O0lsgeiFhabeaOf ofS ri i, : by iso-propyl alcohol to
s eOf of SWHIT ik el aﬁ.ﬂh&ﬂﬁﬁnma‘gggg Yo f)c(rjr_q? o%orﬁ?fﬂi

control the surface tension to 60 x 10.3 'S prepare
solid el ecenetyisliyds byl @R¥tr0ANFiIRApJISmerization reactions at 2 V

-in the solution.
C
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, solution involving water as

(f‘\_; 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 alcohol 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

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

solution.



initiate polynerization is placed close to a surface of the 25 etched
alumnumfoil to formthe solid electrolyte 3 by electrolytic _

pol ymeri zation reactions at 2 Vin the solution. 36 Subsequently, a
coated carbon is dried to forma carbon layer 4 on the solid electrolyte
and then a coated silver paste is dried to forma silver layer 5 on the
carbon | ayer 4, causing both two |ayers3o forma cathode 5 termnnal
section. Then, with external packagi ng using epoxy resin, not shown, 10

pi eces of the solid electrolytic capacitors are_prepared. (COVPARATI VE
EXAMPLE 3) 10 WWHPe@MeHelhod i FPR&P 0CBXRRPI o131, dBieflect? i ok @ film
is formed on_.an outer syrface of etched alum num foil. The etched al um num
foil is i ffERO% TAYEH Gt i%%h than8Plitg edecsrodyteo ansh themt ai woagesys of

wat er - sol uhl.e olyanilipe, .and s, then heat-treated at 200C for 5 m nutes
15 to for M d’gdﬁ%ﬁit\ef'e 1 PP ohBodiR t Re SHEVEE iad@% obyt R pAbei al | y.

Subsequent | solption invalvin ter as sqlvent for polynerizatiaqgn
di ssol vi n§%0. nrm%qe]af 4'p>9|§}ugllggnﬁb%r%5ﬂd9‘5‘¥@§smﬁq LP a cathode
ropyl napht .enesul f ani agid is _prepared to.formsolid electrolytes. An
ot i " 3 e Qdtich, Phly! SuR RS gy PeBiBGing Dedgy enbuy

SLCEE S, L0, VS o i

el ectrol yiic pdlynerization’reactions a 'n

car bon | aﬁg&)a@lcio@:ssgféesze%‘é?:red.

C (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
15 to form a conductive polymer composing the solid
electrolyte partially. Subsequently, solution involving
water as solvent for polymerization dissolving 0.2 mol/L of
(fﬁ 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
2d external packaging, 10 pieces of solid electrolytic

capacitors are prepared.



are formed to nake up a cathode term nal section, and with 25 external
packagi ng, 10 pieces of solid electrolytic capacitors are prepared. 37

( COVPARATI VE EXAMPLE 4) Wth the nmethod simlar to exanple 11, dielectric
oxide filmis fornmed on an outer surface of an etched. alum numfoil. The
etched alumnumfoil is inmrersed in 5 solution involving water as sol vent
contai ning 5% of water- soluble polyaniQWruL and is then heat-treated at
200C for 5 mnutes to forma conductive polynmer conposing the solid

For pol ity NREE 8% 10 7T of o' pyrr ol e mononer and 005
rol L o7 Dut ! e Papenerukhan! cqugtid: oSt buN clgonolte.
Close to SEadLeTthr IR SpERES Tom cphoi B FUERER G Bl gtched

clect 10l Yugitonfil CERESLY | SrEOINIRIL M UERACUAT B 2apaledd s
Gapact T or SoARE AR, BRI ind e e Do B e i L R R Bt s E - Tabi €

fosot s ob Bty LB AnIRL, Ol %1 b SEU Y e FRPRCELD'S |

minutes to form a conductive polymer composing the solid

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

tenéion to 60 x 10° N/m, is prepared to Fform 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 dinitial charactéristics of the solid
electrolytic capacitors described in examples 11 through 16
29 and comparative examples 3 and 4. ESR values are measured

at 100 kHz.



25 and conparative exanples 3 and 4. ESR val ues are neasured at 100 kHz.
38 Table 1 Capacitance ESR Leakage (Ft') (nQ current (nA) Exanple 11
22.5 24 37 Exanple 12 23.1 22 48 Exanple 13 24.0 22 28 Exanple 14 24.8
20 32 Exanple 15 23.8 21 45 Exanple 16 23.4 26 96 Exanple 3 18.0 35 148
Exanple 4 19.2 31 136 Table 7 proves that fromthe conparison between
exanpl es 11 through 16 and conparative 88anple 3, the solid 5 electrolytic
capacitors can be provided with excellent capacitance characteristics by

usi ng conmpound (I1) and sulfuric acid as dopants to control the surface

tensi on of TaPhe électrolytic solution for polynerization to | ower than

x 10-3 N
conparat i
provi de a
Is also p
the solid

rate of

10

15

10 19 ~Aand

M and that from the conmparisorm bgtween—exanphe—16—13—and

Ve exanpl e 4, cpnpogagachitianasd sul furggr acic usege@]gaég)pam
n exclusively ekxcellent wusable rate of capaci|tance. Mreove
roved that fronlthe confpdt)i son bet wedmkanplie cldrand exXANP
electrolytic |5 capacitors can be provided With a high usa
Example 11 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
electrolytic capacitors can be provided with excellent
capacitance characteristics by using compound (II) and
sulfuric acid as dopants to control the surface tension of
the electrolytic soiution for polymerization to lower than
70 x 1073 N/m, and that from the comparison between example
13 and comparative example 4, compound '(II) and sulfuric
acid used as dopants can provide an exclusively excellent
usable rate of capacitance.

Moreover, iﬁ is also proved that from the comparison
between example 14 and example 16, the solid electrolytic
capacitors can be provided with a high usable rate of
capacitance as well as excellent impedance and leakage

qurre.nt characteristics in high - frequencies by applying

70

S can
, it
e 16,
| e



capaci tance as well as excellent inpedance and | eakage current
characteristics in high frequencies by applying 39 voltages on an external
el ectrode and a valve netal respectively during electrolytic

pol ynmeri zation reactions. EXAMPLE 17) 5 In exanple 14, 10 pi eces each of
the solid electrolytic capacitors aredggepared by the nethod simlar to
exanpl e 14 except content of sulfuric d to conpound (Il) varied to 100
1, 50 : 1, 10: 1, 5: 1, 4: 1, and C2 : 1 in nolar ratio
respectively. 10 FIG 7 shows the capacitance characteristics of the solid
el ectrol ytYHEBHRRI tBRs 8P i artprpadndedpcsroden0 andoures- agilwe atmedsd and
85% rated vol tage, (COVPARATI VE EXAMPLE 5) 15 In exanple 14, 10 pieces each
of the sol5%FP G YA G (S FHRULEHC Rekmeni 2atidne restdiicbns.ni | ar

to exanple 14 except content of sulfuric acid to butyl naphthal enesul fonic
acid, replacing compound (I1), wvaried to 100 : 1, 50 : 1, 10: 1, 5: 1, 4

1, and : i | ar ratio respectively. FIG 7 shows capacitance’
characterﬁﬂﬁ%éyéﬁbtﬂ%ﬁgolid el ectrolytic capacitors at initial and after
1000 hegurs- agi at._85C_and %ragted voltage. FIG 7 proves clearly that
the so?id elecgﬁglnygm% céégtitgpé hB%ﬁcﬁgceFﬁﬁﬂi i Rt i afh@ap&eilifince

characterig te'cct‘?tom}.csuégﬁééftoaﬁs' daks %g:%%%rte% Oy:t&eolrnethod similar
| to example 14 except content of sulfuric acid to compound
(IT) 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
~to 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 atr initial and after 1000 hours-
aging at 85°C and 85% rated voltage.

FiIG. 7 proves clearly ‘that the solid electrolytic

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

higher in concentration ratio against compound (II).



hi gher in concentration ratio agai nst conpound (Il1). 40 However, the
capaci tance tends to decrease significantly wth the sulfuric acid
concentration ratio of 4 : 1 or higher. The undoping of sulfuric acid in
hot and hum d environnents and corrosions affected by the sulfuric acid 5
woul d cause the decreases in capacitance. Sulfuric acid can provide an
excel l ent usable rate of capacitance exdl usively when used with conpound
(I'1). As shown in conparative exanple 5, therefore, naphthal enesul fonic

aci ds having al kyl groups such as 10 butyl napht hal enesul foni c acid cannot
i mpr ove th@iaﬁ?é‘ﬁlre Fhee cAPaabancandendsentof Getfease adighiificadgeg or

surface’ tengd:l%;] {:ﬁsl controlled to lower than 70 x 10-3 NNm These
napht hal en&: ohfe &My aRddgmoneenirdbieon awtive bHatd pel yIess are

apt to be F‘org%d concentrated on 15 pit edges of rough surfaces of the
val ve neta Yor oviQe, unslondms eOfSCﬁHJCflETJ&taGﬂ-;it|:mcapdc0|amulshumﬁh an

excel l ent init.ial usa bl e (ft e of capacitance, the nolar concentration

rati o of cSr‘rﬂ’d‘EﬁBmFP EorEPééPFEI \fifectsd;t byn ther pal fuetc zacidn
shoul d pr e{v rﬁl&l a: or |gher and the electrolytic solution for
pol ymer'i zat i on s ﬁa% 5°§8F"f335 Pef8PgRibancener than 70 x 10-3 Nm
To prOV|dethe§_lL gle%cr ytlc a;:clltors with little decrease in
properties in hoEi & Fedoiatel ?’f‘g‘fﬂs enBPate"S&Jré@H‘ttr asafnle axate off

sul furic aeasaaétaaaw%&c%@&%&%( whdn' bl SOLRT GO SN0 G ST er gty be

| shown in comparative example 5, therefore,
(:5 naphthalenesulfonic acids having alkyl groups such as
10 butylnaphthalenesulfonic acid cannoﬁ 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
'(fg molar concentration ratio of compound (II) in the
electrolytid solution for polymerization should preferably
20 be 50 : 1 or higher and the electrolytic solution for
. polymerization should have a surface tension of lower than
70 x 10" 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.



controlled to lower than 4 : 1. 41 ( EXAMPLE 18) In exanple 13, 10 pieces
each of the solid electrolytic capacitors are prepared by the nethod '
simlar to exanple 13 except content of n-butyl alcohol to control 5
surface tensions of the electrolytic solution for polynerization varied to
40 x 10"3, 50 x 10-3, 55 x 10-3, 60 x % -3, 65 x 10-3, 70 x 10-3 and 73 x
10-3 NNmrespectively. FIG 8 shows initial capacitance characteristics of
the solid electrolytic capacitor. FIG 8 proves clearly 10 that the solid
el ectrol yticg Ltpgycan be provided with excellent capacitance
characteristics wth erace tension of the electrolytic solution for

pol yneri zati on I han,; 40 x -3 Fol | ow. ng organic solvents can
repl ace 2-propa%§3l %\(%%nfgtecon %bl t'he s@%arggg teﬁ?}!"\%n (ﬁé el gi"te‘r oliﬂjiléi
solution f Wik zahpa8; o] t -3. N m t hyl, al_cohol,
ethyl al coﬁjé??\?% pr opé;zll ég @gﬁgﬁ,rgn% ﬁ%lg%dc()l 1}192-%8& y etqgcf{o%’d'fl;la\; but yI

al cohol , tggt ahgo P a e r ghydr of ur.an,
et hyl ene gﬁ/cg?b&g%jdeyl}%u{é%cefgpféaﬁﬂo%ﬂeﬁ %ﬁd?t ?gﬁgﬁl ?}E?’%’ﬂiozﬁ%gc%ﬁﬁo&ni c

surf ackantsubeace DeRsABHAT! o a5 £fRPADLEeBEBIONLEI NOSLiGLILN | 3
effects: acetyl glycol surfactants, silicone surfactants, po yoxyéFkylene

glycol surgeiimét s Abd | Rs Ud A6 ARt Po-2, 280 (xEXPMLESIY g Ml e 14,
10 pieces each of the solid ‘
1073, 65 x 107, 70 x 10° and 73 x 10~ N/m respectively.

FIG. 8 shows dinitial capacitance characteristics of
( the solid electrolytic capacitor. FIG. 8 proves clearly
10 that the solid electrolytic capacitor can be provided with
-excellent capacitance characteristics with surface tensioﬁ
of the electrolytic solution for polymerization of lower

than 70 x 107 N/m.
Following organic solvents can replace 2—-propanol to
15 control the surface tension of electrolytic solution for
polymerization to lower than 70 x 10°? N/m: methyl alcohol,
ethyl alcohol, n-propyl alcchol, 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.

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

electrolytic capacitors are prepared by the method similar



el ectrolytic capacitors are prepared by the nethod simlar 42 to exanple
14 except content of p-nitrophenol in the electrolytic solution for

pol ynmeri zation varied to 0.001, 0.005, 0.01, 0.05, 0.1, 0.2 and 0.3 nol
respectively to include p-nitrophenol into the conductive polyner
partially. 5 FIG 9 shows ESR characteristics for initial and after a hot
and no-load test (125C, 500 hours). ESR%alues are neasured at 100 kHz.
FIG 9 proves clearly that solid electrolytic . capacitors with a content
of p-nitrophenol ranging from 10 0.001 to 0.2 nol have excellent ESR
charact er it i @xanmpie EIR crexerpter igintent hovevey-nierspliend®e iy sehw th
the content of less than 0.001 nol or nore than 0.2 nol. To provide,

t her ef or e ket opdivitd ce| sednsigni Fwappelymesinathonsttidhasaat.epist i cs
even under_hot conditions by adding 15 p-nitrophenol, causing the order of
pol ymer si@i®%n 90°1enrﬁh~rfb%, Ohd.cdhtZnandf §.3i modpheaspeshiudly to
preferably range fromO0.001 to 0.2 nol. Additionally, follow ng organic
sol vent s i1t F-E-trprhepmknbr to atle beendustimet ob lymerapsirtdadly .
providing the 20 simlar effects. p-cyanophenol, p-hydroxybenzoic acid and
p- hydrﬁxyphean.IGExRNﬁfE’%)Eﬁ eharpreenistiospferedndddhlomnghefserid 25
el ectrolytic capacjitors_are prepared by the nethod simlar to exanple 11

except ap@ yitly 3R t29etopsr tesd {12 Fol YWOQ& hours). ESR values are

measured at 100 kHz.
FIG. 9 proves clearly that solid electrolytic
C_' capacitors with a content of p-nitrophenol ranging from
10 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
15 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
25 electrolytic capacitors are prepared by the méthod similar
to example 11 except applying voltages for the electrolytic

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



pol ynmeri zation varied to 0.5, 1, 2, 3 and 5 V respectively, 43 FIG 10
shows initial ESR characteristics of the solid electrolytic capacitor. ESR
val ues are neasured at 100 kHz. In FIG 10, right-hand vertical axis
represents polynerizing tinme, left-hand vertical axis represents 5 initial
ESR val ues, and horizontal axis represents polynerization voltages. FIG
10 proves that the solid electrolytic cdBacitors prepared by

pol ymeri zation voltages ranging from1l to 3 V C have excellent ESR
characteristics. Polymerization 10 reactions do not proceed rapidly with
appl i ed vol t ageBIG ohr shiews AnitiedntBSR i¢har&ESRcistbes cofsthessornd to
be worse with the voltages higher than 3 V as orderly polyners are not
forned. To®peehFradythe sappaibptet rbfRtvaleeparie oneasthedetbr 200 kKA.

excel l ent ESR characteristics by 15 controlling the applying voltages to
restrain the p8EGmeri 28vi on Tighdthewd t hevertiiomk | zatkbs vorepgesestoul d
preferably range from1l tqQ 3 V. In_the aforenentioned exanples, the solid

el ectrol ytPRLYRERLZIRG, hife.a Vel -bandl werifigalnurastis t aneptesented 20
as an gnodg lgigﬁsc3%$$d excl usively. The present invention is not so

linmited but™ sc bl Eat¥eFari otRd ndtFhzantalavi a¥isxi deeprésantom
outer surfaces to.perform a valve netal such as niobiumor titanium
" capabl e-ofp°g¥'8?ﬁ’d$?i51%‘i‘rﬁ?§€a%‘??ects. 25 | NDUSTRI AL APPLI CABI LI TY
FIG. 10 proves that the solid electrolytic capacitors
prepared-by polymerization voltages ranging from 1 to 3 V
(m 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.
(fﬁ In the aforementioned exampleé, 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 wvarious
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 freguencies, a compact



The present invention can provide a solid electrolytic capacitor with | ow
i npedance in high frequencies, a conpact 44 size and a |arge capacitance
that is required along with the digitalization of electronic equi pnment. 45
CLAIMS 1. A solid electrolytic capacitor conprising: an anode conposed of a
val ve netal on that surface a 5 dielectric oxide filmis forned.; a solid
el ectrol yte conposed of a conductive paldyner fornmed on the dielectric
oxide film and | a cathode formed on the solid electrolyte, 10 wherein the
solid electrolyte includes naphthal enesul fonic acid conpounds. 2. The

- solid el estizsl yand @apbe¥ger cepachidiamce: Viat eiin neguiswd dagdbegt mdlthte i s
formed by an electrolytic 15 polynerization or a chem cal polynerization
of the coritdrgcBigdtadiigatidon of edgatrands Qauigrentaci d conpounds
correspond to conpound (1); and the conpound (1) is doped into the
conductive polynmer. (COOMMmI (1) (SGBM1 n =1 20 3. The solid

el ectrolytic capacitor of claim2, wherein



a content of the conpound (1) to 1 nol of nononmer formng the conductive
pol ymer ranges fromO0.05 to 0.5 nol. 46 4. The solid electrolytic
capacitor of claim2, wherein the conductive polyner is selected from at

| east one of pyrrole, thiophene, furan, aniline and their derivatives. 5
5. The solid electrolytic capacitor of gtaim2, wherein the solid

el ectrolyte further contains a phenol dérivative. 6. The solid

el ectrolytic capacitor of claim5b, wherein the phenol derivative is
selected fromat |east one of 10 nitgpppgeol , cyanophenol, hydroxy-
benzoic acid, and hydroxyphenol. 7. The solid electrolytic capacitor of
claim?2, wherein the solid electrolyte further contains a sulfuric acid.
15 8. The solid electrolytic capacitor of claiml1l: wherein the solid

electrolyte is forned1hby eneeteolydti icapalet¥reLbfdiliying. the conductive
pol ymer; the naphthal enesul fonic acid conpounds cofrespond to conpound 20

(Lbsig 35| 15 CIPSete (Someselones, aqvagys waRucsh thabloXiBbor
solid &l ectrol ylielectric oxide film is formed; -
a solid electrolyte ¢omposed of a conductive polymer
formed on the dielectric bxide film;
and
C;- a cathode formed on the solid electrolyte,

10 wherein the solid electrolyte includes

naphthalenesulfonic acid compoﬁnds.

2. The solid electrolytic capacitor of claim 1: wherein

the solid electrolyte is formed by an electrolytic

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

G into the conductive polymer.

_ . //(COOH)”‘ m=1
ﬂ (1)
X

(SOSH)n n = 1
2
3. The solid electrolytic capacitor of claim 2, wherein

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

the conductive polymer ranges from 0.05 to 0.5 mol.



47 capacitor, the capacitor conprising: an anode conposed of a val ve netal
on that surface a dielectric oxide filmis forned; a solid electrolyte
conposed of a conductive polymer 5 formed on the oxide film and a cat hode
formed on the solid electrolyte; the nethod conprising: imersing the
anode into a solution for polymerizatiogg 10 containing a nononer form ng

t he conductive pol ynmer, naphthal enesul fonic acid conpounds and water; and
formng the solid electrolyte on the oxide filmby a electrolytic

pol yneri zati on br Thecisodiidalelpotymlyitiat icapaclitotOor T8 aARf BOd wibres

manuf acturing the solid electrolytic capacitor of claim9, Wherein The

napht hal edd¥| FERANCAdVE @olones isor se3eonedt EroPREUNhddy - oh&OP % M C
I I (1) 20 (S@BH)~ n . 1 11. The method of manufacturing the solid

el ect r ol yH¥ERsaci tskorttens .aifiwred, wherleine tamd NEGIEE fddSiwel Rded from at
| east one of 48 :

o 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
hydroxyphenol.

7. The solid electrolytic capacitor of claim 2, wherein

the solid electrolyte further contains a sulfuric acid.

15
8. The solid electrolytic capacitor of claim 1: 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.

Ny, (8040 n= 1
(i)

/\/ m= 0

{A)m
A: (-OH) or (=0)

9. A method of manufacturing a solid electrolytic



pyrrol e, thiophene, aniline and their derivatives. 12. The net hod of

manuf acturing the solid electrolytic capacitor of claim 10, 5 wherein the
el ectrolytic solution for polynerization further contains at |east one of
phenol derivatives, sulfuric acid and al cohols. 13. The nethod of

manuf acturing the solid 10 electrolytL% capacitor of claim 10, wherein the
solution further contains 0.01 to 0.1 T/L of a phenol derivative, and

t he phenol derivative is selected fromat | east one of nitrophenol,

cyanophenol ,  hydic@peeeRedi C 16l ¢ tQ&d §§Rhenolu 15 14. The net hod of

manuf acturing the solid eIectronPlc capacit Tt ‘faim 10, C wherein the

sol ution furthedn canbakNdh 130 olf 9 c,acid. 20 15. The
&%e i ﬁ(ﬂlet etaha éﬂlltgﬁ aks sgriage. ¢

met hod of manufacturing the solid electroly

wherein the solaiéDscfrid t@i@@ry;ﬁ,mslg) §0]§.,9 30 w % of alcohols, and the
al cohol s have a carbon nunber ranging 25 om1lto 4. 16. The nethod of

manuf act uring tdhessphiad A ctdASHD! ¥bhos8RAYH 04 P;t)nﬁluﬁlt%% %rrmeelrn a
vol tage applied for the electrolytic

formed on the oxide film;

and

a cathode formed on the solid electrelyte;

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.

15
10. The method of manufacturing the solid
electrolytic capacitor of claim 9, wherein
("I; - the naphthalenesulfonic acid compounds correspond to
compound (I}.
(COOH)m m= ]
(1)
20 (soaﬂ)n n =1
11, The method of manufacturing the solid

electrolytic capacitor of claim 10,

wherein the monomer is selected from at least one of




pol ymeri zation ranges from1l to 3 V. 5 17. The nethod of nenufacturing the
solid electrolytic capacitor of claim9, wherein voltages are applied on
‘an external electrode and the anode conposed of a valve netal _
respectively. 10 18. The nethod of manufacturing the solid electrolytic
capaci tor of claim9, wherein the naphthal enesul fonic acid conpounds
correspond to conmpound (11), and the sBfid electrolyte is forn?d by the
el ectrolytic polynerization. 15 J_(SC?FDn nlid(l :éctlo? Eﬁ%n;:bagfr%rogf
= . T 04 oY 2 L, the i.d !
f:l g.l) m128, %rfv\%%'e%rﬁohe mn’ocr#eﬁjfis}gaseefhe%tstg}flﬁ éfﬁ’%i'tvqié’a‘i?sone of pyrrole,
thi ophene,” furan, aniline and their derivatives. 20. The nethod of -
manuf acturing the, solid electrolytic capacitor of claim18, 50 wherein
the el ectrol ytiie sol uiphan f fegilymerggat |lg€nm§él&{1g5ngont g %ﬁ g%g?ﬁéc

sol vents or nonionic surfactants to control a surface”tenst S c
el ectrolytic sol utleetrboytDel ¥aBaELRbL0Br I Q15 MI167 than 70 x 10-3 N'm
9 wherein the electrolytic solution For polymerization

further - contains at least one of phenol derivatives,

sulfuric acid and alcohols.

- (l _ . 13. The method of manufacturing the solid

10. electrolytic capacitor of claim 10,
wherein the solution further contains 0.01 to 0.1 mol/L of
@ phenol derivative, and the Phenol derivative is selected
£rom at least one of nitrophenol, cyanophenol,

hydroxybenzoic acid, and hydroxyphenol.

15
14. The method of manufacturing the solid
electrolytic capacitor of claim 10,
(ﬁ‘_ - 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



21. The nmethod of manufacturing the solid electrolytic capacitor of claim
18, wherein the electrolytic solution for polynerization further contains
phenol derivatives. 10 22. The nethod of manufacturing the solid

el ectrolytic capacitor of claim18, wherein the electrolytic solution for
pol yneri zation further contains phenol 49erivatives ranging 0.001 to 0.2
15 nol/L, and the phenol. derivatives are selected fromat |east one of

ni t rophenol , cyanophenol , hydroxybenzoic acid, and hydroxyphenol .
& ¥

lectrolytic capacitor of claim 9,

wherein a voltage applied for the eleétrolytic

polymerization ranges from 1 to 3 V.

5 -17, The method of manufacturing the solid
electrolytic capacitor of claim 9,
wherein vbltages 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

RN éQﬁm - n=1
e
( Z Ngm

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,



10

15

80

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 103 N/m.

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

further contains phenol derivatives.

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

and hydroxyphenol.



