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CAPACI TOR AND MANUFACTURI NG METHOD THEREOF 5 BACKGROUND ?Tr@EZﬁgENTICN
Field of the Invention The present invention generally relates t6°4 solid
el ectrolytic capacitor, and nore particularly to a nethod of nmanufacturing
a solid electrolytic capacitor with a 10.30lid electrolyte layer which is
commonly used in various electronic apparatuses. Description of the Prior
Art A conventional nethod of manufacturing a solid electrolytic capacitor
will be explained belowwith 15 reference to relevant drawings. Fig. 12 is
a cross sectional view showng a construction of a conventional solid

el ectrol ytic Qﬁﬁ%ﬁﬂQEnTHE,ﬂﬁVﬁiﬂﬁQﬁ n Fig. 12, denoted by reference nuneral
20 is a porous anode elenent which is fabricated b ress formng a 20

val ve action netmSQﬁIQeﬁﬂﬁﬂﬁﬁﬁﬁﬁwwkﬂﬂ?ﬁﬁéT§Rd§§PrEéNﬁﬁ%EEURQN% sintering
the resultant shape. Reference nuneral 21 denotes an anode |ead |ine nade
of a tantal um | i n@BRHGh THEREQIserted into the anode el enent 20.

5 BACKGROUND OF THE INVENTION
Field of the Invention
The present invention generally relates to a solid
electrolytic capacitor, and more particularly to a method

of manufacturing a solid electrolytic capacitor with a

Hd
o

solid electrolyte layer which is commonly used in various
electronic apparatuses.
Description of the Prior Art
A conventional method of manufacturing a solid
electrolytic «capacitor will be explained below with
i5 reference to relevant drawings.
Fig. 12 is a cross sectional vwview showing a
construction of a conventional solid electrolytic capacitor.
As shown in Fig. 12, denoted by reference numeral 20 is a
porous anode element which is fabricated by press forming a
20 valve action metal of tantalum powder into a desired shape
and sintering the resultant shape. Reference numeral 21
denotes an anode lead line made of a tantalum line which is
inserted intoc the ancode element 20.

A dielectric oxide coating layer 22 is provided on an



A dielectric oxide coating layer 22 is provided on an -2- outer surface of
the anode el enent 20, a solid electrolyte layer 23 is provided on the
di el ectric oxide coating |ayer 22, and a cathode |ayer 24 is provided on
the solid electrolyte layer 23. The cathode layer 24 is fornmed as a 5
| ayer structure by | am nating carbon and.gilver paint. Thus, a capacitor
element 25 is fabricated. An anode termnal 26 is connected to the anode
| ead line 21 of the capacitor elenment 25, a cathode term nal 27 is bonded
to the cathode layer 24 by an electrically conductive adhesive 10 28, and
an resin enclosure 29 of commonly an epoxy resin material encapsulates the
capaci tor el emtetr 25nfiack oife thensdedee it & hnd c%%%ee]t%&ﬁorﬂt 7
partially exposed to the outside. Reference nuneral 30 denotes a resin
rei nf or cenentlayes & 3nstshaeroofi degh wiradih i i kert denwiitdeomaatddlg daver
el ectrolytic capacitor will now be explained referring to Fig. 13. Fig. 13
illustrates @2fl omnHara ofatdtesles flayerpr dduci g PRy idedveaBi okde M
el ectrolytic capacitor. First, in a formng and sintering step S91, a
met al powder e2@cafrotlgmeallayers 2pr es Shfeoranddhoidet d ayededid df stoeha®aA iy t he
anode lead line 21 of tantalumline enbedded therein and then sintered to
f orm a. ffor oud ayeadestreatute 2y Thieninatioll ovetbdy &nchefi é¥Er prRfEysi ng
step S92 for

P Thus, a capacitor element 25 is fabricated. An anode

terminal 26 is connected to the anode lead line 21 of the
capacitor element 25, a cathode terminal 27 is bonded to
the cathode layer 24 by an electrically conductive adhesive
i0 28, and an resin enclosure 29 of commonly an epoxy resin
material encapsulates the capacitor element 25 with the

anode terminal 26 and cathode terminal 27 partially exposed

to the outside. Reference numeral 30 denotes a resin
reinforcement.
15 A method of manufacturing the conventional solid

electrolytic capacitor will now be explained referring to
Fig. 13. Fig. 13 illustrates a flowchart of steps for
producing the conventional solid electrolytic capacitor.
First, in a forming and sintering step 591, a metal powder
20 of tantalum is press formed into a desired shape having the
anode lead line 21 of tantalum line embedded therein and

then sintered to form a porous anocde element 20.
This is followed by a chemical processing step 3592 for

oxidizing the anode element 20 with phosphoric acid to



oxi di zing the anode el enent 20 with phosphoric acid to -3- thereby forma
dielectric oxide coating |ayer 22. Then, a polynerizing step S93 foll ows
where the anode elenment 20 is subjected to uniformdispersion of a nononer
solution including aniline, pyrrole, or thiophene over the outer 5 surface
and in the pores thereof, and then exposeg.directly to a solution
contai ning an oxidizer or subjected to wuniformdispersion of the oxidizer,
and then exposed directly to the nononer solution to thereby forma solid
electrolyte layer 23 of an electrically conductive polyner 10 through
chem cal oxidation polynerization. Then in a cathode form ng step S94, a
coating of cheebyarfera eoatielgadirisi loxdidepajant iade 1S é’%-an Myify is
perforned to thereby forma cathode |layer 24. As a result, a capacitor
el enent 25 i poflameirdatieg. st&pTRER, fohéowsowhese ptbecariede ;e kenefsetfblishg
step S95, where the anode lead line 21 of the capacitor elenent 25 is
joi ned by welstibrigctte@dantanodei fermi ndd sp6e sicin nepfas aa @OWPNSDr tsohHdiathe
cathode |l ayer 24 is bonded to a cathode termnal 27 through an
el ectrical | y imandudimigveamathise ve pR@ro2@, A oml dhigpbesp 3961 okhewsowiadr e
the capacitor elenent 25 is encapsulated in a resin enclosure 29 of an
epoxy r#si n simtfeidealand tih the goede themkend| 2fidabdenatipoeed td&irgaialy 27
exposed partially to the outside. Finally, a

to a solution containing an oxidizer or subjected to

uniform dispersion of the oxidizer, and then exposed
directly to the monomer solution to thereby form a solid
electrolyte layer 23 of an electrically conductive polymer

10 through chemical oxidation polymerization.

Then in a cathode forming step S94, a coating of
carbon and a coating of silver paint are applied and drying
is performed to thereby forﬁ a cathode layer 24. As a
result, a capacitor element 25 is fabricated.

15 Then, the process proceeds to an assembling step SS53,
where the anode lead line 21 of thé capacitor element 25 is
joined by welding to an anode terminal 26 acting as a COM
port, and the cathode layer 24 is bonded to a cathode
terminal 27 through an electrically conductive adhesive 28.

20 A molding step 596 follows where the capacitor element
25 is encapsulated in a resin enclosure 29 of an epoxy
resin material with the anode terminal 26 and cathode
terminal 27 exposed partially to the outside. Finally, &

finishing step S97 is carried out for separating a



finishing step S97 is carried out for separating a ..4. capacitor array
into chips which are then tested. The solid electrolyte |ayer may be
fabricated by another nmethod such as disclosed in Japanese Patent Laid-
open Publication 10-321474 where the solid electrolyte 5 | ayer of a solid
el ectrolytic capacitor consists mainly of.4a first solid electrolyte |ayer
formed by heating a solution of poly-aniline or its derivative and a
second solid electrolyte layer formed by electrolytically polynerizing
poly-pyrrole or its derivative. As its 10 resultant solid electrolyte |ayer
is uniformin thickness, the solid electrolytic capacitor can be enhanced
in static capapetaher andeytintepeuiare evieielr astertibem desttieds offering the
solid electrolytic capacitor with a higher degree of .reliability. 15 The
conventi onal met hoBhef smkidg el esdiricd véleecllrgeyt i Bay cdpaicifagridedmsyeby has
a di sadvantage in the polynerizing step S93 that during the formation of a
solid el ectrobgothetapeth2d slicholas pisolasaleint Bepaocee Baténteladd-in
the pores of the anode el ement 20 through repeating a chem cal 20
oxi dati on pol gpeni z&athbicpriomesd,0-132didddeswBéref the sildsiriedaldtyolyte
conductive polyner are substantially deposited on the outer surface and in
t he pore$ of iLhgemnofleaekedidt el2@taslyhdencepaEiger ténandtibmainly of
a first solid electrolyte 1laver formed by heating a
solution of poly-aniiine or its derivative and a second
solid electrolyte layer formed by electrolytically
polymerizing poly-pyrrole or its derivative. As its

10 resultant solid electrolyte layer is uniform in thickness,
the solid electrolytic capacitor can be enhanced in static
capacitance and its impedance characteristic, thus offering
the solid electrolytic capacitor with a higher degree of
reliability.

15 The conventional method of making a solid electrolytic
capacitor, however, has a disadvantage in the polymerizing
step 883 that during the formation of a so0lid electrolyte
layer 23 of poly-pyrrole over the outer surface and in the
pores of the anode element 20 through repeating a chemical

20 oxidation polymerization process, residues 31 of the
electrically conductive polymer are substantially deposited
on the outer surface and in the pores of the anode element
20 as shown in Figs. 14 and 15.

The electrically conductive polymer residues 31



The electrically conductive polynmer residues 31 -5- include byproducts of
the chem cal oxidation polynerization and non-reacted portions of the

el ectrically conductive polynmer or the oxidizer, which nmay inpair the
appearance and decline the volunetric conpactness and the other 5
characteristics of the capacitor elenent -25. In a worse case, the residues
31 may be exposed on the resin enclosure 29. It is hence necessary to
renmove the residues 31 with wuse of a brush or broomin order to snooth the
surface of the solid electrolyte |ayer 23 and correct the appearance 10

before the cat hode |l ayer form ng step S94. As.a result, th roducfivity
will be declitRé&tuge %YP’-?QQ%{% C%FMFR& Pé‘éiaaﬁégnﬁo?é’g‘fiﬁw%éé??y
conducted, the electrically conductive polgner | ayer 23 qu be in&yred
thus i npai ri P9t RENCREREEEEr IRIFESORT e ERPagISStrifs by  fgnductive

pol yneri zing step S93, the anode elenent. 20 is inmersed in one of the two
sol utions corRAYiHy PhHe thenoneidizgid tWalehki BAYerl HdFecth ePYPEREATEEt hen
imersed in the other. This causes one of the two solutions to be carried
and di sper secP%ht FeHL R hdiheas MHETEIGAE eCOMPICTRESPs 289 nhkRsed™PRE t he
other solution is declined in concentration, the formation of an

el ectri cll | y Sakpetiesistiss ywer the capasides alament 29°is dinstdirpense

Accordingly, the solid electrolyte |ayer 23 of continuous electrically
case, the residues 31 may be exposed on the resin enclosuré

29. It is hence necessary to remove the residues 31 with
use of a brush or broom in order to smooth the surface of
the solid electrolyte layer 23 and correct the appearance

10 before the cathode laver forming step $94. As a result,
the productivity will be declined. Also, if the removal of
the residues 31 is improperly conducted, the electrically
conductive polvmer layer 23 may be injured thus impairing
the characteristics of the capacitor.

15 In the polymerizing step 593, the anode element 20 is
immersed in one of the two solutions containing the monomer
and the oxidizer respectively and is then immersed in the
other. This causes one of the two solutions to be carried
and dispersed into the other as the anode element 20 is

20 immersed. As the other solution is declined in
concentration, the formation of an electrically conductive
polymer in the anode element 20 is disturbed. Accordingly,
the solid electrolyte layer 23 of continuous electrically

conductive polymer will hardly be formed on the dielectric



conductive polynmer wll hardly be formed on the dielectric -6- oxide
coating |layer 22. Hence, the static capacitance and i npedance
characteristics are deteriorated. It is needed for coating the dielectric
oxi de coating |layer 22 of the anode elenment 20 with the solid electrolyte
5 layer 23 of electrically conductive pol.gner so that the solid
el ectrolytic capacitor can hold a designed | evel of capacitance. Also, in
order to attain a good (i.e., low) inpedance characteristic, it is
necessary to repeat the step of formng the solid electrolyte |ayer 23 of
10 electrically conductive polynmer several tinmes. As a result, the
producti vi ty ésidectéaioihg oldeen 22 obl Bemcey sbhet fbat e hAdPRGYLPSR I 3R%d in
Japanese Patent Lai d-open Publication 10-321474 includes a step of formng
the first solimpedaute athamdtepdstiysheats dgterderateen 15 where pol yneric
aniline or its derivative is dissolved into a water-contained solvent.
This, however, caubesisheeédedtfosotoatihecthel dieleairictoxbdedreablned
partially during the succeeding step of formng the second solid
el ectrolyte layer.2Hente;hd tarisiediefifamemitt 200 wathanbe tshéidt aipctrofyte
capacitance. It is therefore an object of the present invention to provide
a solid Bl ectlafett i 23capficelectandaal yetdvodiuaft i veapdaoter | ag dhedl i the
el ectrol ytic capacitor which

solid electrolytic capacitor can hold a designed level of

capacitance. Also, in order to attain a good (i.e., low)
impedance characteristic, it is necessary to repeat the
step of forming the solid electrolyte layer 23 of

10 electrically conductive polymer several times. As a result,
the productivity is declined to be a problem.

Also, the technology disclosed in Japanese Patent
Laid~open Publication 10-321474 includes a step of forming
the first solid electrolyte layer by heating a solution

15 where polymeric aniline or its derivative is dissolved into
a water-contained solvent. This, however, causes the first
solid electrolyte layer to be dissolved partially during
the succeeding step of forming the second solid electrolyte
layer. Hence, it is difficult to enhance the static

20 capacitance.

It is therefore an object of the present invention to
provide a solid electrolytic capacitor and a method of
manufacturing a solid electrolytic capacitor which

eliminates the foregoing problems and is stable and high in



elimnates the foregoing problens and is stable and high in -7- the
productivity so that products thereof are increased in static capacitance
and inproved in reliability. SUMVARY OF THE | NVENTI ON 5 The present

i nventi on has been devel oped to solve these problens inherent to the
conventional techniques, and an essential7-object of the present invention
is to provide an inprovenent of a nmethod of manufacturing a solid

el ectrolytic capacitor 10 According to a first aspect of the present
invention, a nethod of manufacturing a solid electrolytic capacitor

i ncludes the steps of: providing a dlelfgérlc oxide filmon, a surf

f
an anode el erfgif FERPOFLEIhEIR herblP %r?% 3N P et 8RR ?’ﬁ?o a

wat er solution of 15 electrically conductive olyner containing a

hydr ophi lic iﬁ%ﬁkﬁ|QﬁH?Qﬁﬂ%ﬂﬁ9‘%ﬂﬁ’&@@ﬁpge§nantﬁ@ﬁlapé%}F§ up the anode

el ement and heating the sanme to forman electrically conductive pol yner

| ayer on. the dielectric oxide cladding Ilayer; coating the electrically
conductive polymer layer 20 with a solution containing a nononer of a

het er ocycl i ¢ S@EHPOUMEF GHE tIINERYINGA i ve, and pol yneri zing the monomer in
the solution to forma polyner |ayer, rinsing the anode elenent to renove
r esi dues5deposi t edffemn pﬂr@sgaltymaquera?mn hasd Begnngievrlanfste 8l ef@htet o

forma first solid . _ _
these problems inherent to the conventional techniques, and

an essential object of the present invention is to provide
an improvement of a method of manufacturing a solid
electrolytic capacitor

ig0 According to a first aspect of the present invention,
a method of manufacturing a solid electrolytic capacitor
includes the steps of: providing a dielectric oxide f£ilm on
a surface of an anode element made of a valve metal;
immersing the anode element into a water solution of

15 electrically conductive_ polymer containing & hydrophilic
group in a polymer structure and then drawing up the anode
element and heating the same to form an electrically
conductive polymer layer on the dielectric oxide cladding
layer; coating the electrically conductive polymer layer

20 with a solution containing a monomer of a heterocyclic
compound or its derivative, and polymerizing the monomer in
the solution to form a polymer layer, rinsing the anode
element to remove residues deposited on the polymer layer,

and drying the anode element to form a first solid



el ectrolyte |ayer; and providing a cathode |ayer on the first solid
electrolyte layer. This allows the production of a solid electrolytic
capacitor to be inproved in the efficiency and the low 5 inpedance
characteristic, declined in the leak current, and increased in the static
capaci tance while being carried out stablBy. The electrically conductive
pol ymer having a hydrophilic group in the polynmer structure nay be a 10
derivative of aniline, pyrrole, thiophene, or furan of the nononmer. This
allows its solid electrolytic capacitor to be inproved in the electrica

conductivity and the inpedance characterjstic at a higher. frequency,.range.
15 The el ect rq%ceﬁtlﬁ?elcy UtRYSE? pGRynert ‘é’tﬁ? a® IﬁPd*'Bt?g:Pﬁ | YT o8 i TS he
pol ymer structure nmay be a self- doping type electrically conductive

pol ymer havi ng-%et sflishied egtadedytendadr&ctrical |y conductive pol ymer
having a hydrophilic group in the polynmer structure nmay be an 20 anjline
derivative expressédshyabbensl £he Prognaiion) ofg-arsggs wabpetrelntic

Formula 1 is selected from hydrogen, alkyl o
capacitor to be improved in the efficiency and the low

5 impedance characteristic, declined in the leak current, and
increased in the static capacitance while being carried out
stably.

The electrically conductive polymer  having a
hydrophilic group in the polymer structure may be a

10 derivative of aniline, pyrrole, thiophene, or furan of the
MONOomMer.

This allows its solid electrolytic capacitor to be
improved in the electrical conductivity and the impedance
characteristic at a higher frequency range.

15 The electrically conductive polymer having a
hydrophilic group in the polymer structure may be a self-
doping type electrically conductive polvmer having a
sulfonic group. The electrically conductive polymer having
a hydrophilic group in the polymer structure may be an

20 aniline derivative expressed by Fermula 1,

(Formula 1)



groups, al koxy groups, hydroxyl groups, and nitro groups. Those sinple
techniques allow their solid electrolytic 5 capacitor to be inproved in the
i npedance characteristic at a higher frequency range and the wthstand
voltage and declined in the current |eakage. The water solution of the
electrically conductive polynmer having & hydrophilic group in the polyner
structure 10 may have a surface tension of not higher than 70 X 10-3 N'm
This allows the dielectric oxide coating |ayer to be inproved in the
perneability. If the surface tension of the water solution exceeds 70
MV m the perneability of the dielectric oxide coating |ayer may
unfortunately be >—deet-kned. R The heating may be conducted at a

t enper at ure rangi \g.a to 250 C. This allows the hydrophilic group
in the electric ﬁeve pol ymer layer to be partially deconposed
t hus declining the dissolutixgn. 20 If the tenperature for the heating is
C, the di 5oruffon of the electrically conductive

pol ymer | ayer iN if1 be increased thus failing to inprove the
static capacitancg z i thstand voltage. Also, if the tenperature
exceeds 250 C§4} el-eet++Lal ly conductive 5 polyner layer will receive
nore t her nal fess hence increasing the current |eakage.

y condu

| ower than 160

where R in Formula 1 is selected from hydrogen, alkyl
groups, alkoxy groups, hydroxyl groups, and nitro groups.

Those simple techniques allow their solid electrolytic

5 capacitor to be improved in the impedance characteristic at
a higher frequency range and the withstand voltage and
declined in the current leakage.

The water solution of the electrically conductive
polymer having a hydrophilic group in the polymer structure

10 may have a surface tension of not higher than 70 X 107 N/m.

This allows the dielectric oxide coating layer to be
improved in the permeability. If the surface tension of
the water solution exceeds 70 nN/m, the permeability of the
dielectric oxide coating laver may unfortunately be

15 declined.

The heating may be conducted at a temperature ranging
from 160 to 250 °C. This allows the hydrophilic group in
the electrically conductive polymer layer to be partially
decomposed thus declining the dissolution.

20 If the temperature for the heating is lower than 160



The formation of the first solid electrolyte layer may be inplenented by a
chem cal oxidation polynerization process using an oxidizer. The step of
providing the first 10 solid electrolyte |ayer may be inplenmented by
repeating at |least two or nore tinmes a procedure of: inmmersing the anode
el ement into one of a nononer solution andsan oxidizing solution for a
predetermned tine and then into the other solution for a predeterm ned
time to forma polyner layer i5 and subsequently restoring the dielectric
oxi de cladding I|ayer. The tenperature of the oxidizing solution my be

| ower than that when holding in the air. Those features allow the solid

el ectrol yte Vﬁyemha)iﬁﬁ5¢ﬁqﬁﬂqnim@rbb%deiﬁcﬁﬁécéibitFPE&PCEbﬁﬂuEPEV??§. 20
The step of providing the first solid electrolyte |ayer_ pay be inplenented
by el ectrol ytlaygol imeeivateonwilfhbeelnereasgdi ERPs)| %ﬁé%w t F8n+HBYOBR
performed using a water solution of pH not greater than pH 5 which |
contains at tweasstatihoneapscidfancaemst dhec MichesapeuNe psprs AfLpo, if
derivative, a pH adjustnent agent and water. By this nmethod, the

pol yneri zat i othé peathésatups aeckedsAl 2% °everchien efliectedse lwWeconduesp¥ei t or
is left inan initial and high tenperature conditions, a solid 5

el ectrol $ti c pappnét orlawer beviipr cvesxtiive | owdenpddereel chirgécer PSEFE.

increasing the current leakage.

The formation of the first solid electrolyte layer may
be implemented by a chemical oxidation polymerizatiqn
process using an oxidizer. The step of providing the first

10 solid electrolyte layer may be implemented by repeating at
least two or more times a procedure of: immersing the anode
element into one of a monomer solution and an oxidizing
solution for a predetermined time and then into the other
solution for a predetermined time to form a polymer layer

and subsequently restoring the dielectric oxide cladding

[}
¥

layer. The temperature of the oxidizing sclution may be
lower than that when holding in the air.
Those features allow the solid electrolyte layer to be
highly improved in the electrical conductivity.
20 The step of providing the first solid electrolyte
layer may be implemented by electrolytic polymerization.
The electrolytic polymerization may be performed using a
water solution of pH not greater than pH 5 which contains

at least a monomer of a heterocyclic compound or its



The rinsing for renoving residues may be inplenented by renoving the
residues at |east either fromthe outer surface of the anode el enent or
fromthe pores in the anode 10 el enent. The rinsing for renoving residues
either fromthe outer surface of the anode el enent or the pores in the
anode el enment may be inplenented by rinsi.jg.with a shower of liquid
i ncludi ng water, hot water, or organic solvent or air or gas, by
ultrasonic rinsing, or by blasting. 15 Those features can el evate the
effect of highly inproving the electrical conductivity while declining the
current Ieakage on the solid electrolyte layer. The step of providing the
first solid eflecivetjre, #ayRradinsirenivlagandd and aafieap of providing a
second solid 20 electrolyte layer under a different condition fromthat of
provi ding the firsBysthid weébodel fhe bayamerirnpsian| sreethdssdmpgoved.
electrolyte layer to be declined in the current |eakage and inproved in
the el ectricaBlscpneéveti vitt ythel2:askhewsérp of gamadidiong fbhe Maftstimokind
el ectrolyte |ayer may be followed by a step of providing a second solid
el ectrol yte | agétiahderamd di fifiggrent tempdiraiianef r ooondibt iaks, pr avi dispdgithe
first solid electrolyte layer and then 5 followed by a step of providing a
third sobid ekkettobiyeic| aperaiftoan edrecbe cahpyocadddat | vew pdimpeeance
different from

characteristic.

The rinsing for removing residues may be implemented
by removing the residues at least either from the outer
surface of the anode element or from the pores in the anode

10 element. The rinsing for removing residues either from the
outer surface of the anode element or the pores in the
anode element may be implemented by rinsing with a shower
of liquid including water, hot water, or organic solvent or
alr or gas, by ultrasonic rinsing, or by blasting.

i5 Those features can elevate the effect of highly
improving the electrical conductivity while declining the
current leakage on the solid electrolyte layer.

The step of providing the first solid electrolyte
layer may be followed by a step of providing a second solid

20 electrolyte layer under a different condition from that of
providing the first solid electrolyte laver.

This allows the solid electrolyte layer to be declined
in the current leakage and improved in the electrical

conductivity.



the first and second solid electrolyte |ayers. The step of providing the
third solid electrolyte I|ayer may be inplenmented by repeating at |east one
or nore 1'0 times a procedure of imersing the anode elenent into a
suspensi on contai ning a nononer, an oxidizer, and an electrically
conductive polyner in particle formfor al2zpredetermned tinme and after
drawi ng up fromthe suspension, holding the sane outside the suspension
for a predetermned 15 tine. The suspension nay be prepared by mxing a

pr edet er mi ned anount of nononer and a predeterm ned anount of oxidizer to

formelectrically conductive polynmer particles_and adding, th no . 20
Those all ow t he sof?gl @t&R raﬁyt%r%y%%nqot@@ Etretbeisrye d&gﬁgﬁéaﬁﬁet he
current |eakage and inproved in the electrical condugtivity. Th Stingf
provi di ng t hela¥e¥ duay|he Erkkavwed e 2 |S6aR %?W%%%ﬁeﬁ@@&ngyso
el ectrolytic polynerization. -13- The el ectrolytic polynerizationis _
perforned usi ajedtvpivie taveriwvnder pHdabfeyedht epnehbhOPHEEORNERRE ©f
contains at |east a nononmer of a heterocyclic conpound or its derivative,
a pH adj ust meprougéing antheat &¥rs6 Belid s elmdic®intiee polvpFer PR8t | bA®8peed
is inmproved. Also, even in the case where a capacitor is left in an
5 followed by a step of providing a third solid electrolyte
layer of an electrically conductive polymer different from
the first and second solid electrolyte layers.
The step of providing the third solid electrolyte
layer may be implemented by repeating at least one or more
10 times a procedure of immersing the anode element into a
suspension containing a monomer, an oxidizer, and an
electrically conductive polymer in particle form for a
predetermined time and after drawing up from the suspension,
holding the same outside the suspension for a predetermined
i5 time.
The suspension may be prepared by mixing a
predetermined amount of monomer and a predetermined amount
of oxidizer to form electrically conductive polymer
particles and adding the monomer.
20 Those allow the solid electrolyte layer to be
effectively declined in the current leakage and improved in
the electrical conductivity.

The step of providing the third solid electrolyte

layer may be implemented by electrolytic polymerization.



initial and high tenperature conditions, a solid electrolytic capacitor
can be inproved in | ow inpedance characteristic. 10 The step of providing
the first solid electrolyte layer may include restoring the dielectric
oxide filmprior to the rinsing of the polymer filmfor renoving the
residues. This can mnimze the current |.gakage. The step of providing the
cat hode | ayer may be 15 followed by heating again. The heating is
conducted at a tenperature ranging from230 to 280 C. Those features can
i nprove the bonding strength between the solid electrolyte |ayer and the
cat hode | ayer thus enhancing the | ow inpedance characteristic and
decl i ni ng t heTherebactitebkube. pebyrecbzaihgn t bs apsefonmedspetng ot whber
present invention, a solid electrolytic capacitor is fabricated by any one
of the solidselecioml pfi eH capicigmeatmnuthet uplngs nehlicts celeiscimdedt
above. The residues deposited on the electrically conductive polyner |ayer
may be smal | eleadian & Ymbyomeirghtof Thosehdieatanyasl ican compaved t her | onts
i npedance characteristic, decline the current |eakage, and increase the
static capacidenteawd e algpwdindtreny eductd @nd walter .5 stable. BRI EF
DESCRI PTI ON OF THE DRAW NGS These and ot her objects and features of the
present 5 By this method, the polymerization speed is improved.
Also, even in the case where a capacitor is left in an
initial and Thigh  temperature conditions, a solid
electrolytic capacitor can be improved in low impedance
characteristic.
10 The step of providing the first solid electrolyte
layer may ipclude restoring the dielectric oxide film priox
to the rinsing of the polymer film for removing the
residues. This can minimize the current leakage.
The step of providing the cathode layer may be
15 followed by heating again. The heating is conducted at a
temperature ranging from 230 to 280 °C. Those features can
improve the bonding strength between the solid electrolyte
layer and the cathode layer thus enhancing the low
impedance characteristic and declining the current leakage.
20 According to a second aspect of the present invention,
a solid electrolytic capacitor is fabricated by any one of
the solid electrolytic - capacitor manufacturing methods

described above. The residues deposited on the

electrically conductive polymer layer may be smaller than



invention will be readily understood fromthe following 10 detail ed
description taken in conjunction with preferred enbodi nents thereof with
reference to the acconpanying draw ngs, in which Iike parts are designated
by like reference nunerals and in which:. Fig. 1 is a flowhart show ng
steps of a solid 15 electrolytic capacit-o4- manufacturing nethod according
to Enbodinent 1 of the present invention; Fig. 2 is a front cross
sectional view of a rinsing apparatus according to Enbodi nent 2 of the
present invention; 20 Fig. 3 is a front view of a capacitor elenent after
the rinsing with a shower according to the enmbodinent; Fig. 4 is a cross
sectional vieWw &3 ¥RL$Me pores in an anode body after the rinsing with a
shower according to Enbodinment 3 of the present invention, - 1S Fig. 5is
a flowchart show njh@seps fGRTATESI i dcaR| edRAOME ¢ EBPacikWt naRBEIERERI ng
met hod according to Enbodinent 4 of the present invention; Fig. 6 is a

fl owchart shoWhareetepksbica @@ClHHEStéEeéﬂﬂﬁﬁﬂﬁ(ﬂ@ﬁﬁﬁﬁﬁdcﬁnﬁahﬂﬁééﬁﬁﬁlng
met hod accordlng to Enbodinent 6 of the present invention, Fig. 7 is a
charact eri stiEhgrapaticeaapacitante dwhblect bpying E%@aﬁ?@@@cﬁé@%rﬁ@nbeto

Enbodi nent 10 of the
5 stable.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present

invention will be readily understood from the following

10 detailed description taken in conjunction with preferred
enbodiments thereof with reference to the accompanying
drawings, in which 1like parts are designated by 1like
reference numerals and in which:.

Fig. 1 is a flowchart showing steps of a solid

15 electrolytic capacitor manufacturing method according to
Embodiment 1 of the present invention;

Fig. 2 is a front cross sectional view of a rinsing
apparatus according to Embodiment 2 of the present
invention:

20 Fig. 3 is a front view of a capacitor element after
the rinsing with a shower according to the embodiment;

Fig. 4 is a cross sectional view showing the pores in
an anode body after the rinsing with a shower according to

Embodiment 3 of the present invention;



present invention; 10 Fig. 8 is Table 1 show ng characteristics of Exanples
1 to 11 and Conparison 1 in Enbodinment 1 of the present invention; Fig. 9
is Table 2 showi ng the neasurenent results of amounts of residues in
Enbodi nent 2 of the present 15 invention; Fig. 10 is Table 3 show ng the
measurenent results of static capacitancesand ESR | evel of Exanples 12 to
14 and Conparison 2 in Enbodinent 9 of the present invention; Fig. 11 is
Tabl e 4 showi ng the characteristics of 20 Exanple 16 and Conpari sons 3 and
4 in Enbodi ment 10 of the present invention; Fig. 12 is a cross sectional
view of a conventional solid electrolgtic capacjtor; Fig. 13 is a .

fl owchart showi ng B %onventiSond &§6PY4 ii%__sé§¥&R9(ﬂ%ﬁﬁﬁ% c&bacPt of° ki ng
method; Fig. 14 is a front view show ng residues deposjted on the outer

surface of ancheeeRobYehC | faPREiIEBRY aMNWRATLLEAG dneFRetr AGHATE ®GpatPt or

making nmethod;, and 5 Fig. 15 is a cross sectional view show ng residues
deposi ted i n Epeodbrent of «h Hrodrasemt ilmverdiednventional solid

el ectrolytic capacitor maki ng nethod. DESCRI PTION OF THE PREFERRED
EVBODI MENTS Fig. 6 1is a flowchart showing steps of a solid

5 electrolvtic capacitor manufacturing method according to
Embodiment 6 of the present invention:

Fig. 7 1is a characteristic graph view of a solid
electrolytic capacitor according to Embodiment 10 of the
present invention;

10 Fig. 8 is Table 1 showing characteristics of Examples
1 to 11 and Comparison 1 in Embodiment 1 of the present
invention;

Fig. 9 is Table 2 showing the measurement results of
amounts of residues in Embodiment 2 of the present

15 invention;

Fig. 10 is Table 3 showing the measurement results of
static capacitance and ESR level of Examples 12 to 14 and
Comparison 2 in Embodiment 2 of the present invention;

Fig. 11 is Table 4 showing the characteristics of

20 Example 16 and Comparisons 3 and 4 in Embodiment 10 of the
present invention;

Fig. 12 is a cross sectional view of a conventional
solid electrolytic capacitor:;

Fig. 13 is a flowchart showing a conventional solid



10 Before the detail ed description proceeds, it is noted that |ike parts
are designated by like reference nunerals throughout the acconpanyi ng
drawi ngs. Preferred enbodi nents of the solid electrolytic capacitor naking
met hod of the present invention will be 15 described in nore detai
referring to the relevant draw ngs. Enbedénent 1 Fig. 1 is a flowhart
showi ng a nethod of producing a solid electrolytic capacitor according to
Enbodi ment 1 of the present invention. The nethod starts with a form ng 20
and sintering step S1 where a netal powder of tantalumw th an anode |ead
line of tantaluminserted therein is pressed .into a desired shape which is
then sint er edeteckephyhic perrast v de leirshdinthoficheni cal processing step
S2 follows where the anode elenent is subjected to oxidization :%7- wi.th
phosphoric acid toFi®rmd dPePed¥PPE ¥iPHe SEOHLPAgTeFAFErSoHPRE1EGHPD
surface thereof. This is followed by an electrically conductive | yme

| ayer forni ngthee@uSerof sprfieesi 9§ (FR SNOses3YAY hdlanbe C@néfﬁg&éﬁpagvi th
the dielectric oxide coating |ayer provided thereon_into a water solution
whi ch cont ai ngohhd electrotytiy eamiiciaw angoinmde Hedisng ™Ry dr ophili c
groups inits polymeric structure, and after drawi ng up the anode,

el ement, Sevapor at i Byt hd Snater avntedssereesinnad sujarenghowing residues

deposited in the pores of an anode body in the conventional

solid electrolytic capacitor making method.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
i0 Before the detailed description proceeds, it is noted
that like parts are designated by like reference numerals
throughout the accompanying drawings.
Preferred embodiments of the solid electrolytic
capacitor making method of the present invention will be
15 described in more detail referring to the relevant drawings.
Embodiment 1
Fig. 1 is a flowchart showing a method of producing a
solid electrolytic capacitor according to Ekmbodiment 1 of
the present invention. The method starts with a forming
20 and sintering step S1 where a metal powder of tantalum with
an anode lead line of tantalum inserted therein is pressed
into a desired shape which 1is then_ sintered to form a
porous anode element. A chemical processing step S2

follows where the anode element is subjected to oxidization



10 Then, a heating step S32 follows for formng the electrically
conductive polyner layer. Afirst solid electrolyte layer formng step $4
foll ows where the anode elenment with the electrically conductive pol yner-
| ayer provided thereon is subjected at 15 its outer surface and in the
pores thereof to uniform dispersion of aimonomer solution containing a
het erocyclic conpound or its derivative, and then exposed directly to an
oxi di zer solution or subjected to uniformdispersion of the oxidizer
solution and then exposed to the nonomer solution 20 to thereby forma

het er ocyclic cogﬁound | ayer, through the chem cal _oxidation | ymeri zation

(S41). Subseqidht| phospdsirdGes2debodPt Pdh Bhaisdiearhec ¢ r FRGEERE
pol ymeri zi ng ?rocess are renoved by rinsing (S42), and then the resultant
pol ymer film t8YQFied e ¢wuen surface ttherepf. anode el ement is coated
with the first solid electrolyte |ayer of the heterocyclic conpound. Next,
in a cathode |ayerThos ndsigfet bpresb by n alody r igladiwhcongduedi¥ee BOWMRAL a
cathode layer fabricated by 5 applying and drying a carbon coating and a
silver paint lepari AgrméngherebySPabfi camerainapisnt 8Eepl Eabht thananode
assenmbling step S6 foll ows where the anode lead I|ine of the capacitor
el ement Bs jobhedehy waltdi rtha oddeDaMtrbe emdde tamafiimsl bavex hprextifede
| ayer is joined through
thereon inte a water solution which contains an
electrically conductive polymer having hydrophilic groups
in its polymeric structure, and after drawing up the anode
element, evaporating the water which serves as a solvent.
10 Then, a heating step 832 follows for forming the
electrically conductive polymer layer.

A first solid electrolyte layer forming step S4
follows where the anode element with the electrically
conductive polymer layer provided thereon is subjected at

15 its outer surface and in the pores thereof to uniform
dispersion of a monomer solution containing a heterocyclic
compound or its derivative, and then exposed directly to an
oxidizer solution or subjected to uniform dispersion of the
oxidizer solution and then exposed to the monomer solution

20 to thereby form a heterocyclic compound layer through the
chemical oxidation polymerization (S41). Subsequently,
residues deposited on the polymer film during the

polymerizing process are removed by rinsing (S42), and then

the resultant polymer film is dried out (S43). Thus, the



10 an electrically conductive adhesive to a cathode termnal. Then, in a
nol ding step S7, the capacitor elenent is encapsulated with a resin

encl osure by nolding an epoxy resin material with the anode term nal and
the cathode termnal partially exposed to the outside. At a final step 15
S8, an array of the capacitor elenments ard8separated into chips which are
then tested. This nethod is high in the production efficiency and can
consistently fabricate solid electrolytic capacitors which are enhanced in
| ow i npedance characteristic and 20 i nproved in current |eakage with a high
static capacitance. .Sone ,exanples of the present inventjon wll now be
descri bed bel%ﬁ?g?EﬁéﬁBF8t1ﬁ§Aiﬁﬁ Yhbhe ee%&ﬁSWm§°#ﬁ%rF&§F§H°&§t5ress
formng -19- net al _powder of tantaluminto desired shape with an anode
| ead |ine of f%ﬁﬁ?%l?ﬁn‘%?%é??%%ﬁ%le‘i% EPRtering the resul tant shape
in the formng and_sintering step Si. Then, in step S2, a dielectric oxide
cl adding | ayer 5 J@&LfolRed SRtdoutayesufPaRENGf SRR divodethe eABAe by
an anode oxi dation process using a phosphoric acid solution. For formng
an el ectri cal $4PEHMHUS vEOBESRerviEBye® FALBPER SEEYShe fakddsasrenehy

with the_dielectric oxide cladding [ayer was imersed (S31) in a water
sol uti on®whi c#PPlying and drying a carbon coating and a silver paint

coating to thereby fabricate a capacitor element.

ﬁn assembling step S6 follows where the anode lead
line of the capacitor element is joined by welding to a COM
or anode terminal and the cathode laver is Sjoined through

10 an electrically conductive adhesive to a cathode terminal.
Then, in a molding step S7, the capacitor element is
encapsulated with a resin enclosure by molding an epoxy
resin material with the anode terminal and the cathode
terminal partially exposed to the outside. At a final step

15 58, an array of the capacitor elements are separated into
chips which are then tested.

This method is high in the production efficiency and
can consistently fabricate solid electrolytic capacitors
which are enhanced in low impedance characteristic and

20 improved in current leakage with a high static capacitance.

Some examples of .the present invention will now be

described below.
{(Example 1)

A porous anode element was fabricated by press forming



10 had a surface tension of 70 X 10-3 Nm and contained 10 wt % of
poly-aniline derived froma nononmer where Rin Formula 1 was replaced by
an ethyl group, and then the anode el enent was drawn up to evaporate the
wat er which serves as a solvent. Then, the anode el enment was heated at 160
Cfor 15 5 mnutes (S32) to forman el ectngcally conductive polyner |ayer
thereon. For formng the first solid electrolyte layer in step $S4, the
anode el enment had a pyrrol e nmononer solution dispersed evenly on the outer
surface and in the pores 20 thereof and was then exposed directly to an
oxidizing solution to forma poly-pyrrole polyner flln1throu%h a , .chem cal

pol yneri zi ng ®rBe83d (Porber Toer saptatunt Hotodia| eesiredofgescwddt ™
| ayer on the anode el enent was _ repaired with a using an acetic_ acid,
sol ution. -20ansidskep@niiye eéstantalyenépactBednthfieehd| §Aer SERFRFHAYI ng
the polynerizing process were renoved by rinsing (S42) and then the
pol ymer fil m tas wkswettfiga3yharkhiin dde Sorwdsg pogestacrhpgesteReslso t hat
the anode el enent was finally 5 coated with the first solid electrolyte
| ayer of poly- pyrTém. The sipp G2 nanciedestrdci oxines plagpdingl byyer
dissolving 1.0 nol/1 of pyrrole and 0.25 nol/1 of sodium
al kyl - napht havasefeunédnan eths autiepasurfate afwhkeranode element by an
anode oxidation process using a phosphoric acid soclution.
For forming an electrically conductive polymer layer
in step S3, the anode element with the dielectric oxide
cladding layer was immersed ($31) in a water solution which
10 had a surface tension of 70 X 107 N/m and contained 10 wt®
of poly-aniline derived from a monomer where R in Formula 1
was replaced by an ethyl group, and then the anode element
was drawn up to evaporate the water which serves as a
solvent. Then, the anode element was heated at 160 °C for
15 5 minutes {832) to form-an electrically conductive polymer
layer thereon.
For forming the first solid electrolyte layer in step
S4, the anode element had a pyrrole monomer solution
dispersed evenly on the outer surface and in the pores
20 thereof and was then exposed directly to an oxidizing
solution to form a poly-pyrrole polymer film through a
chemical polymerizing . process (S41}. Thereafter, the

dielectric oxide cladding layer on the anode element was

repaired with a using an acetic acid solution.



10 solution containing 10 wt % of ethylene glycol. The oxidizing solution
was prepared by dissolving 0.75 nol/i of iron sulfate (I111) as an
oxi dizer, 0.05 nol/l of sodium al kyl - napht hal ene-su.|fonate as a dopant,
and 0.75 nol /|l of sulfuric acid as an additive into a water solution 15
containing 10 wt % of ethylene glycol. Nextg-in step S5, the anode el enent
was covered with a carbon coating and a silver paint coating applied and
was dried to forma cathode layer. As a result, a capacitor elenment was
fabricated. 20 In the next assenbling step S6, the anode lead line of the
capacitor elenent was joined by welding to the COM or _anode term nal and
t he cathode |§9b$ewa%n{ane@eqmwﬁﬁgmwraéqe&m ddly podomgdcfilde guKésPve
to the cathode termnal. This was followed by a nolding step S7 where the
capaci tor .21the| @ﬁémemsl@%cﬁp@qeaﬁ ederpt hemoved hyenénasnge (8f2hnakPoxy
resin material wth the anode term nal and the cathode term nal exposed
partially to thenothsi dwlmenl fylni WasstdyiesB, (33 r ayfhdfs taetdrenvass
were separated into chips 5 and tested to forma nunber of solid
el ectrol ytic reppated otsre¢ ERanpses@) tilatokhd eheder ellgnentcupacifinelis
fabricated by the sane manner as of Exanple 1, except that the
electrically coated with the first solid electrolyte layer of poly-
pyrrole.

The pyrrole monomer solution was prepared Dby
dissolving 1.0 mol/l of pyrrole and 0.25 mol/l of sodium
alkyl-naphthalene~sulfonate as a dopant into a water

10 solution containing 10 wt% of ethylene glycol. The
oxidizing solution was prepared by dissolving 0.75 mol/l of
iron sulfate (III} as an oxidizer, 0.05 mol/l of sodium
alkyl-naphthalene~sulfonate as a dopant, and 0.75 mol/l of
sulfuric acid as an additive into a water solution

15 containing 10 wt% of ethylene glycol.

Next, in step S5, the anode element was covered with a
carbon coating and a silver paint coating applied and was
dried to form a cathode layer. As a result, a capacitor
element was fabricated.

20 In the next assembling step S6, the ancde lead line of
the capacitor element was joined by welding to the COM or
anode terminal and the cathode layer was joined through an

electrically conductive adhesive to the cathode terminal.

This was followed by a molding step S7 where the capacitor



10 conductive polyner |ayer was forned (S3) froma water solution
containing 5 wt % of poly-aniline derived froma nononer where P in Fornula
1 was replaced by an ethoxy group and that the heating was carried out at
180 Cfor 5 mnutes. 15 (Exanple 3) A solid electrolytic capacitor was
fabricated by the sane manner as of Exanple 1, except that the
electrically conductive polyner |layer was fornmed (S3) froma water
solution containing 5 w % of poly-aniline derived froma 20 nononmer where R
in Formula | was replaced by an ethoxy group. Also, in this exanple 3, the
heating (S32) was carried out at 200 C for 5 m nutes. (Exanple 4) A solid
el ectrol ytic ehppent oraseendamyykaied Wik e Te8in eRGOFRRePTa8ofPEX YDl €
1, except that the electrically conductive polyner |ayer mgéﬁgorggﬁ froma
wat er sol uti onestonmatsmgls withofthsol gnodai |GeaIdeY) vaact (oW aCRHRBHRS
where Rin Fornula 1 was hydrogen and that the heating was 5 carried out at
250 C for 5 ntemnisal ERpaspde Briaaloly dtel ddwer opytstdeapaciingl Mgs 10
fabricated by the same manner as of Exanple 1, except that the ]
electrical |y stepdsg;iam solywest | dyerelwefter et e sepeaavgteinsel Ghibh

5 and tested to form a number of solid electrolytic
capacitors.
(Example 2)

A solid electrolytic capacitor was fabricated by the
same manner as of Example 1, except that the electrically
10 conductive polymer layer was formed (S3) from a water
solution containing 5 wt$% of poly-aniline derived from a
monomer where R in Formula 1 was replaced by an ethoxy
group and that the heating was carried out at 180 °C for 5
minutes.
15 {(Example 3)

A solid electrolytic capacitor was fabricated by the
same manner as of Example 1, except that the electrically
conductive polymer layer was formed (S3) from a water
solution containing 5 wt% of poly-aniline derived from a

20 monomer where R in Formula 1 was replaced by an ethoxy
group. Also, in this example 3, the heating (S32) was
carried out at 200 °C for 5 minutes.

{(Example 4)

A solid electrolytic capacitor was fabricated by the



10 containing 5 wt % of poly-aniline derived froma nononer where Rin
Formula 1 was replaced by a nitro group and that the heating was carried
out at 200 C for 5 mnutes. (Exanple 6) A solid electrolytic capacitor was
fabricated by the 15 sanme manner as of Exanple 1, except that the

el ecLrically conductive polymer |ayer wagzfornmed froma water sol ution
containing 5 wt % of poly-aniline derived froma nononmer where Rin Fornula
1 was replaced by a hydroxyl group and that the heating was carried out at
200 C for 5 mnutes. 20 (Exanple 7) A solid electrolytic capacitor was
fabricated by the sane manner as of Exanple 1, except that the

el ectrically S2BRJUBPPOE B§Iﬁﬁéﬁﬁﬁﬂﬂﬁe\&x;$%ﬁﬁ%ﬁ FRrafn ARRareecESLGRLON
containing 5 wt % of poly-aniline_ derived froma nononer -23- where R in
Fornul a 1 wasCPRALaEEe bpohynes hyrYgE owgsaf@rmegatindie hedeiny #ASUEAPRI ed
out at 200 C for 5 mnutes. (Exanple 8 A solid electrolytic capacitor was
fabricated byceneaiBiramd® mirnepfapafy-Bredire 1derkeept frhut a hmonomer

el ectrically conductive polymer |ayer was formed froma water sol ution
havi ng a surfélkerseRsinnFotmiba Xl 19a8 Nydradeedanit hhatt hhaoheatEranpke 9)

5 carried out at 250 °C for 5 minutes.
(Example 5)

A solid electrolytic capacitor was fabricated by the
same manner as of Example 1, except that the electrically
conductive polymer layer was formed from a water solution

i0 containing 5 wt% of poly-aniline derived from a monomer
where R in Formula 1 was replaced by a nitro group and that
the heating was carried out at 200 °C for 5 minutes.
(Example 6)
A solid electrolytic capacitor was fabricated by the
15 same manner as of Example 1, except that the eleclrically
conductive polymer layer was formed from a water sclution
containing 5 wt% of poly-aniline derived from a monomer
where R in Formula 1 was replaced by a hydroxyl group and
that the heating was carried out at 200 °C for 5 minutes.
20 {(Exanmple 7)

A solid electrolytic capacitor was fabricated by the

same manner as of Example 1, except that the electrically

conductive polymer layer was formed from a water solution

containing 5 wt% of poly-aniline derived from a monomer



10 A solid electrolytic capacitor was fabricated by the sane manner as of
Exanpl e 1, except that the electrically conductive polyner |ayer was
formed froma water solution having a surface tension of 40 X 10"3 N'm
added with a fluorine systemsurfactant (surface active agent). 15
(Exanmple 10) A solid electrolytic capaciigr. was fabricated by the sane
manner as of Exanple 1, except that the electrically conductive polyner

| ayer was forned froma water solution containing 1 wt% of poly-aniline
derived froma nononmer 20 where Rin Formula | was replaced by a nethoxy
group and that the heating was carried out at 180 C for 5 m nutes.
(Exanpl e 11) whesel iRl #hedorotuiei cl capaciceplanad foabraaeblyby orREP Side
manner as of Exanple 1, except that the electrically -24- conductive

pol yner | ayerthaas ther medtfihgmwaswakeriaal ottt oat 200td rforg 50 minut&sof
poly-aniline derived froma nononer where Rin Fornula 1 was repl aced by a
met hoxy group and (Exainplilee 8heating was carried out at 180 C for different
5 heating tines of 1, 5, 10, 20 and 30 m nutes. (Conparison 1) A solid

el ectrol yti c capaai tsglmnselabtrshiert byaphel teaneasaiabriastefl Byarfple 1,
except that the electrically conductive polyner |ayer was formed by

i Mmersi g intsan® manner as of Example 1, except that the electrically

conductive polymer layer was formed from a water solution
having a surface tension of 50 X 107 N/m added with
ethanol.

{Example 9)

10 A solid electrolytic capacitor was fabricated by the
same manner as of Example 1, except that the electrically
conductive polymer layer was formed from a water solution
having a surface tension of 40 X 10 N/m added with a
fluorine system surfactant (surface active agent).

15 (Example 10}

A solid electrolytic capacitor was fabricated by the
same manner as of Example 1, except that the electrically
conductive polymer layer was formed from a water solution
containing 1 wt% of poly-aniline derived from a monomer

20 where R in Formula 1 was replaced by a methoxy group and
that the heating was carried out at 180 °C for 5 minutes.

{(Example 11)
A so0lid electrolyvtic capacitor was fabricated by the

same manner as of Example 1, except that the electrically



10 manganese nitrate 30 % water solution, natural drying, and heating at
300 C for 10 mnutes for deconposition to form a nmanganese di oxi de | ayer.
The solid electrolytic capacitors of Exanples 1 to 11 and Conparison 1
were subjected to aging and their 15 characteristics were neasured.
Resul tant measurenments are shown in Tablezi-in Fig. 8, each neasurenent
being an average of the neasurenents fromten solid electrolytic
capacitors of each type. The leak current shown in Table 1 is a current
| evel 20 nmeasured one minute after the application of a rated voltage.
The withstand voltage is nmeasured at a point of _polarization shift during
the sweepi ng §engugtirgepol x@espaavest Wasont Qe drebEoR efreiedesr sodtires 1
to 11 and Conparison 1 shown in Table 1, the electrically -25- conductive
pol ymer | ayer cPBtadBing OmPeditngf npelymanbl g rdenl Y$° cohafic i WOOH S ner
wat er solution having a hydrophilic group in its polymer structure and
heating at a whefpeRatiur eFefmubd 1ow250 rerdassse ¥ m ningEHoXK preup and
di ssolution into water. Also, as its solid electrolytic layer is forned
from a pol ynethzicngisolhdatnimgontiai nkrgiedatosrt, 4thel80l PA ébectdidifghent
capacitor can be enhanced in the static capacitance and i npedance
char act el sti beabtingxanpes 8fal} obs 10e AAtand sH) wimrtdor t he
(Comparison 1)
B solid electrolytic capacitor was fabricated by the
same manner as of Example 1, except that the electrically
conductive polymer layer was formed by immersing into a
10 manganese nitrate 30 % water solution, natural drying, and

heating at 300 °C for 10 minutes for decomposition to form
a manganese dioxide laver.
The solid electrolytic capacitors of Examples 1 to 11
and Comparison 1 were subjected to aging and their
i5 characteristics were measured. Resultant measurements are
shown in Table 1 in Fig. 8, each measurement being an
average of the measurements from ten solid electrolytic
capacitors of each type.
The leak current shown in Table 1 is a current level
20 measured one minute after the application of a rated
voltage. The withstand voltage is measured at a point of
polarization shift during the sweeping at 0.2 V/sec.
As apparent from the measurcments of Examples 1 to 11

and Comparison 1 shown in Table 1, the electrically



10 conductive polyner having a hydrophilic group in the polymer structure
has a surface tension of 50 X 10-3 NNm its dielectric oxide cladding
| ayer is higher in the perneability than that of Exanple 1. Accordingly,
the capacitor characteristics can be inproved. 15 Enbodinent 2 In the
met hod of Enbodinment 1, the rinsing procegs-in step S4 is inplenented by a
rinsing apparatus shown in rig. 2 during the formation of the first solid
el ectrolyte layer. Fig. 2 is a front cross sectional view of the rinsing
20 apparatus for inplenenting the rinsing step. Shown are capacitor
elements 1. (each provided with the first solid electrolyte layer of
pol y- pyrr ol e)sondiediel Yeaddiyrer 2 Lagarendiofgiels oRVt heMRerEdpdct FpEC  an
capacitor elenments 1, and a support bar 3 having the anode lead |ines 2 of
the -26- capaeleorritabhint sondustize tpel@ier atadglal sphekiem| hHaying 2
di stance by wel ding. A shower nozzle 4A is provided above the row of the
capaci tor el empdtepiitioe grous nig tiles cejamierostenekunesand Beatindadkhdwer
of water. Mre specifically, the shower nozzle 4A has slits or apertures
provi ded theresmpéosturagplof ngea stoweasoof *Gatcam ober nirveimiapati ttar the
el ements | aligned bel ow. Also shown are a curtain of water 5 emtted
f rom t heSshowgissmlrt oM Aindor esdevoi r Blsan asourits ofolid electrolytic
layer is formed from a polymerizing solution containing
water, the solid electrolytic capacitor can be enhanced in
the static capacitance and impedance characteristic.
As Example 8 allows the water solution for the
10 conductive polymer having a hydrophilic group in the
polymer structure has a surface tension of 50 X 107 N/m,
its dielectric oxide c¢ladding layer 1is higher in the
permeability than that of Example 1. Accordingly, the
capacitor characteristics can be improved.
15 Enbodiment 2
In the method of Embodiment 1, the rinsing process in
step S4 is implemented by a rinsing apparatus shown in Fig.
2 cduring the formation of the first solid electrolyte layer.
Fig. 2 is a front cross sectional view of the rinsing
20 apparatus for implementing the rinsing step. Shown are
capacitor elements 1 {each provided with the first solid
electrolyte layer of poly-pyrrole), anode lead lines 2

extending from their respective capacitor elements 1, and a

suppoxt bar 3 having the anode lead lines 2 of the



10 water 7 filled in the reservoir 6, a punp 8 for punping the water 7
fromthe reservoir 6 via a conduit 9 to the shower nozzle 4A, a shower
chanber 10, and a cover 11. Using the rinsing apparatus, a shower of water
5 at a pressure of 1.0 kg/cn2 was emtted fromthe shower nozzle 15 4A
agai nst the capacitor elenents | for 10 semonds and paused. Then, this
shower rinsing action is repeated again. Also, this action was conducted
with different pressures, 0.3, 0.5, 1.0, and 1.5 kg/cn2, and their results
are showmn in the formof anobunts of residues in Table 2 in Fig. 9. 20 It
is apparent from Table 2 that the pressure for providing a shower of water
from t he showsreR#sitcx ghepgntenhd dapreft §he§?5ﬁeﬁFse‘EU%ﬁoﬁPB‘al‘b‘é§%t°f a
smal ler than 0.5 kg/cma. Fig. 3 illustrates the capacitor elenents 1, each
with 27 thdigtasicessy wediddedrol yte | ayer provided thereon after the
shower rinsing step. Each of the capacitor elenents 1 joined to the
support bar 3 has theshowsnt ®otile eBBctisolpunayrideg aabayre pbhg- porr ife the ned
uniformy thereon and its 5 residues renoved off thoroughly. Since the
sol i d el ect r oloapasidapact tawentenuf afour kagsingt hbd cRpeld toresapments 1
invention includes the rinsing step (S42) for renovi ng any unwant ed
resi dues genensditidd adurshogyern hef polapesr. | ayeref ospeaif seebl Y 54the ishower
resultant solid

nozzle 4A has slits or apertures provided therein for

applying a shower of water over the capacitor elements 1
aligned below. Also shown are a curtain of water 5 emitted
from the shower nozzle 4A, a reservoir 6, an amount of

i0 water 7 filled in the reservoir 6, a pump 8 for pumping the
water 7 from the reservoir 6 wvia a conduit 9 to the shower
nozzle 4A, a shower chamber 10, and a cover 1ll.

Using the rinsing apparatus, a shower of water 5 at a

pressure of 1.0 kg/cm’ was emitted from the shower nozzle

15 4A against the capacitor elements 1 for 10 seconds and
paused. Then, this shower rinsing action is repeated again.
Also, this action was conducted with different pressures,
0.3, 0.5, 1.0, and 1.5 kg/cm®, and their results are shown
in the form of amounts of residues in Table 2 in Fig. 9.

20 It is apparent from Table 2 that the pressure for
providing a shower of water from the shower nozzle 4A to
the capacitor elements 1 should be not smaller than 0.5
kg/cm?.

Fig. 3 illustrates the capacitor elements 1, each with



10 el ectrolytic capacitor can be inproved in quality with its solid
electrolyte layer fornmed uniformy. As a feature of Enbodi nent 3 of the
present invention, the solid electrolytic capacitor nmanufacturing method
is 15 nodified in which the rinsing (S42) for renoving unwanted residues
i ncl udes two steps for removing residues "Pfomthe outer surface of the
anode el enent and then fromthe pores of the anode elenent. The step of
renovi ng residues fromthe outer surface In of the anode elenent is

sel ected fron1a shower rinsing process using a shower of liquid such as

water, hot QEtor%?ﬂld:qw %X@P&l ahb Al 4%y Qe fin lﬁéi’é@ﬁog'f?er

rinsing process usin Bl as I 'ng “pr ocess. e step o

removing T s (es L0t De ppLgSc Ol { Moga2h o anndecapLerRal b3chERkeTpnt ed

by either ar proces |ng shower of [quird”suc
wat er, or or anlc sol vent or_an .ultra C. ri.nsi r . I.Lion
to the featur %r%% e}h%rﬁu‘pf’oﬁmé)afrezfg}aes (;:fh%fg‘%l S %rc?g%? %%thggk%
ensure fabric tlon of ,a solid C apacit or ving a hi

degr ee of ef%%aﬁée P?ﬁzrwrafs ﬁ%%v%fy Akl B s el Ch s
nmet hod f Enbodj 3 of Hg esent entlon will now be 10 descri bed
referring to-¥$e* Ié?%\}?ﬁﬂo‘ﬁ?r \M&g oroug

Since the solid electrolytic capacitdr manufacturing
method of the present invention includes the rinsing step
{s42) for removing any unwanted residues generated during
the polymer layer forming step (S41), its resultant solid
10 electrolytic capacitor can be improved in quality with its
so0lid electrolyte layer formed uniformly.
Embodiment. 3
As a feature of Embodiment 3 of the present invention,
the solid electrolytic capacitor manufacturing method is
15 modified in which the rinsing (S42) for removing unwanted
residues includes two steps for removing residues from the
outer surface of the anode element and then from the pores
of the anode element.

The step of removing residues from the outer surface

an of the anode element is selected from a shower rinsing
process using a shower of liquid such as water, hot water,
or organic solvent or air or -gas, or an ultrasonic rinsing
process using the liquid, or a blasting process.

The step of removing residues from the pores of the



Resi dues deposited on the polymer |ayer of poly pyrrole during the first
solid electrolyte layer formng step S4 are classified into those on the
outer surface of the anode el enment and those in the pores of the anode .15
el enent. The residues deposited on the, -@8ter - surface of the anode

el ement can -sinply be renoved by shower rinsing wth water

(preferably. hot-water) or air. Alternatively, the residues deposited in the
pores of the anode- el enent can preferably be .renoved by an 20 ultrasonic
rinsing process. Fig. 3 illustrates an array of the anodg el ements with
resi dues rem@ﬂﬁﬁ(ﬁfgmﬁQﬁ1%ﬁemmplﬁmﬁﬁtﬁﬂu$508%thﬁﬁ.3AF%W§%Rﬂer%§e¥%e
anode elenment with residues renoved off fromits pores. Fnbadi nent _29_
As a feat ur &sdhgEndodihasiar 408f tignigt estich | avemates, thet swatgr, of

el ectrolytic capacitor manufacturing nmethod is nodified in which the first
solid el ect rouigpte.d agel.ventnion =t eplStaisonficl | viksiny Prosessd solin
electrolyte layer 5 formng step S4' for formng another solid electrolyte
| ayer under sdidfifdoentteontiet ifmstudte) afdifnboditentheZ, f EaeurfeadfurEnboti ment
1, the feature of this enbodi ment can ensure fabrication of a solid

el ectr @ yti ahdapacetissadimaning: canhi ghenutegr sbofcperdmr mafice.a 10sdhied sol i d

el ectrolytic capacitor making nmethod of .
electrolytic capacitor having a  Thigher degree of
performance.
The solid electrdlytic capacitor manufacturing nethod

of Embodiment 3 of the present invention _will now be

10 described referring to .the relevant drawings.

Residues deposited on the polymer layer of poly
‘pyrrole during the first solid electrolyte layer forming
step S4 are classified into those on the outer surface of
the anode element and those in the pores.of the anode
15 element. . The residues deposited on the outer - surface of
tﬁe anode element can - simply be removed by shower rinsing
with water {(preferably hot-water) or air. |
Alternatively, the residues deposited in the pores of
the anode element can preferably be removed by an
20 ultrasonic rinsing process., Fig. 3 illustrates an array of
the anode elements with residues removed off from their

outer surface. Fig..4 illustrates the anode element with

residues removed off from its pores.

E} 3- . A



Enbodi nent 4 of the present invention will now be described referring to
the relevant drawings. Fig. 5is a flowhart showng the solid

el ectrolytic- capacitor manufacturing nethod of Enbodinent 4 of the 15
i nvention. The nethod of Enbodinent 4 is a nodification of

Enbodi ment 1 where the first solid electedlyte |ayer formng step S4 is
foll owed by a second solid electrolyte layer formng step S4'. In the
solid electrolyte layer formng step S41, another solid 20

el ectrolyte layer is formed under specific conditions which are different

fromthose in the first_solid el rolyte ..la er m t s \pre
particularly, the %rﬁr@?a%%tqﬁﬁzﬂ’&%’m%ﬁ ﬁe%%;é%lgnglr?%fgpg gﬁggﬁ}:cl){é@f e.
| ayer formng step S4' is prepared -30- by.dissolvin 75 mal /], .of rol e
asya nononer gﬁ*h%l (%.Oéﬁd n%ﬁpc 085%%%3?%&?%&%%&%8%&% &%§%°%£¥%
into a water solution containing 1Q w %, of etaﬁjeni gl¥cgl. . The

ites 1gfer, SR CUPEat e

pr esent

second

dopant

oxi di zi ng solnedtfied siprdpkah £hs WAL 594 D elestre

€5

(1) as an oxidizer, 0.05 nol/1 of sodium alkyl-na hthalene-sulfqnate as
a dopant, Q%ﬁﬁ
sol ution

formed by thefermirgsaitiap $6'el£e¥ r floprd HdayBROERRHI mPst®p
sol ution

nononer

10

15

20

andsbep5Sdol ¥s &plladedumivc acisgcqgdar®
i o .
containing 10 wt % of et hylene glycol. The solid, glggtgﬁgéagﬁéayer

t$LRCHIR LY Le WAPERE

layer under different conditions. In addition to the
feature of Embodiment 1, the feature of this embodiment can
ensure fabrication of a solid electrolytic capacitor having
a higher degree of performance.

The solid electrolytic capacitor making method of
Embodiment 4 of the present invention will now be described
referring to ﬁhe relevant drawings.

Fig. 5 is a flowchart showing the solid electrolytic
capacitor manufacturing method of Embodiment 4 of the
present invention. The method of Embodiment 4 is a
modification of FEmbodiment 1 where the £irst solid
electrolyte layer forming step 84 is followed by a second
s0l1id electrolyte laver forming step S4°. In the second
solid electrolyte layer forming step S4!', another solid
electrolyte layer is formed under specific conditions which
are different from those in the first solid electrolyte
layer Forming step S4.

More particularly, the monomer solution used in the

second solid electrolyte layer forming step S4' is prepared



di spersed evenly thereon and is then exposed directly to the oxidizing
solution to forma polyner |ayer of poly- pyrrole through a chem cal

oxi dation pol ynerization process. Then, an abundance of the oxidizing
solution is renmoved by 15 rinsing with water or hot water. Subsequently,

the dielectric oxide cladding |ayer has-¥een restored, and then
w th water

or

ri nsed

with the solid electrolyte layer of poly-pyrrole. 20 TiLe Second solid
el ectrolyte layer formng .,tep SA ir, differentiated fron the first
solid electr

of the

pyrr

Sl FtSngo o bt ot 1 BYaEOp 36l AEmepe e or2st on

concentration qf, the,_-pyrrole oger s tion ma - 31- cl.i .. t he

second sol i d™&ddt r%ﬁyf%‘{%‘br g&%ﬁ’g}%ﬂ@pg%gﬁieﬁg*?ﬁﬁé%%\g%d agsgl %dnggpé&

el ectrolyte |ayer formng step . $4', nlike t frrest.solid C e

| ayer fo¥nindnéﬁeﬁ g@?ergéﬂﬁﬂgﬁapyCEBﬁﬁFéF§gtEﬁ %h%n?gaF£%¥+§%§ié$§%g%'

pol ymeri zation 5 action, its _resultant solid ﬁlgﬁt%%%%%ngggeé.pg molll
r

el ectrical | y éh@FdGLgd NGoBPht- 10480+ BePUAPROF

anode el ement. Hence, this contributes to fhe productdon a_sol i d.
ofapgan siiHdabeng B I higfhen d%"’&r‘glez%f’ g(g'ré%r% cle.oioé%%%i m

el ectrolytic

N

10

15

20

alkyl-naphthalene~-sulfonate as a dopant, and 0.75 mol/l of
sulfuric acid as an additive into a water solution
containing 10 wt% of ethylene glycol.

The solid electrolyte layer formed by the first solid
electrolyte layer forming step S4 has the monomer solution
dispersed evenly thereon and is then exposed directly to
the oxidizing solution to form a polymer layer of poly-
pyrrole through a chemical oxidation polymerization process.
Then, an abundance of the oxidizing solution is removed by
rinsing with water .or hot water. Subsequently, the
dielectric oxide cladding layer has been restored, and then
rinsed with water or hot water, and dried out. Thus, the
ancde element is covered with the solid electrolyte layer
of poly-pyrrole.

The secoud solid electrolyte layer forming step S4' is
differentiated from the first solid electrolyte layer
forming step 54 by the fact that the concentration of the
pyrrole monomer solution is modified. Alternatively, the

concentration of the . pyrrole monomer solution may Dbe

hot water, and dried out. Thus, the anode elenent is covered

he" pores in the



As a feature of Enbodinent 5 of the present invention, the second solid
electrolyte layer formng step S4' is inplenented by repeating at

two or

nore tinmes a procedure of the anode el enent being i mersed

| east
into the

15 nmononer solution for a predetermned tine period, then imrersed into
the oxidizing solution for a predeterm nedi-tine period, and drawn up and

held in the air for a predetermned tine period. Thus,
the feature' of this enbodi nent can 20 ensure
havi ng a hi gher degree of

feature of Enbodi nent 4,
fabrication of a solid electrolytic capacitor

performance. The_solid, electrolytic capacitor meking nmethod of  Enbodi ment

in addition to the

5 of the pres@fFLiRFEntR oRb FECHRAY Sl kb radie !l wier davrdg tPE™iRE FEPBvant
drawi ngs. _32_ The second solid electrolyte |ayer formng step SV of
Enbodi ment 4 is i npfehRat eCoRA FFabid sIRF il withdgier SOFTdngnstRPfoftnty
and exposing directly to the oxidizing solution to forma polyner
pol y- pyrrol e vhibkghthes fdxed crlliskielkadorolpdie rayeat formpbrocetep A this

time,

after the anode el enent has been i nmmersed into the nopnoner

| ayer of

sol uti on

and t hen i nt odetiewardly zicagtsolat itdre ¢hembcalt | edidahilonelpglivierhaadiionf or
a predetermined time length. This allows the chenical oxidation
pol yreri 2at i oRCtionpr ockss t gasalitanty ceadidt edelectiml Por es leverrhe afiode

electrically conductive polymer can be uniform throughout

the pores in the snode element. Hence, this contributes to

the production of a solid electrolytic capacitor having a

higher degree of performance.

10 Embodiment. 5

As a feature of Embediment 5 of the present invention,

the second so0lid electrolyte layer forming step S4' is

15

20

implemented by repeating at least two or more times a
procedure of the anode element being immersed into the
monomer solution for a predetermined time period, then
immersed into the oxidizing solution for a predetermined
time period, and drawn up and held in the air for a
predetermined time period. Thus; in addition to the
feature of Embodiment 4, the feature of this embodiment can
ensure fabrication of a solid electrolytic capacitor having
a higher degree of performance.

The solid electrdlytic capacitor making method of
Embodiment 5 of the present invention will now be described

referring to the relevant drawings.



el ement. Al so, the chem cal oxidation polynerization process can be

accel erated when tenperature of the air where the anode elenent is held is
made hi gher than that of the oxidizing solution. 15 Then, an abundance of
the oxidizing solution is renoved by rinsing with water or hot water.
After its dielectric oxide cladding. |ayae-is restored, the anode el enent
is rinsed with water or hot water and dried. After repeating the above
procedure, the anode el ement can be 20 covered uniformy with the solid

el ectrolyte |ayer. Enbodinent 6 As a feature of Enbodi nent 6 of the present

invention, the solid electrolytic capacitor nanufacturin% met hod i s
modi fi ed where theThergeceptiPble@reAiad Y drwd forgings step 83 s2fi s

followed by a second solid electrolyte formng step S4' for formn

anot her sol i dEBbe@ipreryt & | dyfer inRderentrff cP¥nt SLrRIFIHhs H%d FOPRTEY
solid electrolyte layer formng step S4'"' for formng a further solid

el ectrol yt e 5sbhybionf unifprunéyenndelexmosicd |dixssHduct tveths| prraAiziRg
addition to the feature of Enbodinment 4, the feature of this enbodi nent
can ensure faBeighipontef fargopi Rolemect Lelvgri efcRPAYTPYFLRASI AGrauahgRer

degree of performance. 10 The solid electrolytic capacitor manufacturing
nethod 5 chemical oxidation polymerization process. At this time,

after the anode element has been immersed into the monomer
solution and then into the oxidizing solution, it is dried
and held in the air for a predetermined time length.

This allows the chemical oxidation polymerization

10 process to be fully conducted in the pores of the anode
element. Also, the chemical oxidation polymerization
process can be accelerated when temperature of the air
where the anode element is held is made higher than that of
the oxidizing solution.

15 Then, an abundance of the oxidizing solution is
removed by rinsing with water or hot water. After 1its
dielectric oxide cladding . Tayer 1is restored, the anode
element is rinsed with water or hot water and dried. After
repeating the above procedure, the anode element can be

20 covered uniformly with the solid electrolyte layer.

Embodiment 6
As a feature of Embodiment 6 of the present invention,
the solid electrolytic capacitor manufacturing method is

modified where the first solid electrolyte layer forming



of Enbodi ment 6 of the present invention will now be described referring
to the relevant drawings. Fig. 6 is a flowhart showng the solid

el ectrolytic capacitor manufacturing nethod of Enbodinent 6 of the 15
present invention. The nethod of Enbodi nent 6 has the second solid
electrolyte layer formng step S4' and thé3-third solid electrolyte |ayer
formng step S4" provided after the first solid electrolyte |ayer formng
step S4 of Enbodinment 1. The third solid electrolyte |ayer form ng 20 step
s4T is provided for formng a solid electrolyte layer of an electrically

conducti ve polyner i,ch is . different fromthat.of the first, solid .
electrolyteplﬁgﬁ? F@?&?nékéﬁ- ALY \br BEHGP iéﬁﬂé?lﬁ}efﬁéoi?thfggﬁﬂag
electrolyte layer -34- formng.step S4.is inplenented b he.anode el.enent
Wh h Gi cPbeb, LY ofp e FoPhiBEnGoAYET SO0JPaEAEnEPLYhenbaNRy URHET
rrol e nononer _sol ution dispersed evenly on the surface thereof and bein
giposed direc@F§f?Be¥Eecﬁﬁﬁ&§iPﬁ§ SNE%Iﬁgﬁgﬁnﬁ'#ﬂ%RQEFfﬁ%Lﬁ& gﬁ%iisyer °
sol ution di spersed evenl t hereon and being exposed directly to the
pyrrol e nononePIMEBEuBLER 4 't herBbyr 9B RSB PofyREReT ajel18f SAECFIBYYFBI e

t hrough a chem cal oxidation polynerjzation process _as , descrjbed for
Enbodi meRt 1.1a@efnheh, eafldifinieiiic e oinicahd i IMP SR iptyrer-  In

addition to the feature of Embodiment 4, the feature of
this embodiment can ensure fabrication of a solid
electrolytic capacitor having a higher degree of
performance.

10 The solid electrolytic capacitor manufacturing method
of Embodiment 6 of the present invention will now be
described referring to the relevant drawings.

Fig. 6 is a flowchart showing the solid electrolytic
capacitor manufacturing method of Embodiment 6 of the

15 present invention. The method of Embodiment 6 has the
second solid electrolyte layer forming step S4' and the
third solid electrolyte layer forming step S47' provided
after the first solid electrolyte layer forming step S4 of
Embodiment 1. The third scolid electrolyte layver forming

20 step S4'' is provided for forming a solid electrolyte layer
of an electrically conductive polymer which is different
from that of the first solid electrolyte layer forming step
54.

More particularly, the first solid electrolvte layer



removed by rinsing with water or hot water and then the dielectric oxide
cladding layer is restored. Subsequently, the residues deposited on the
pol ymer layer during the polynerization process are renoved by rinsing.
After the 15 polyner |ayer has been dried ouL, the anode elenment is

covered with the solid electrolyte |ayer -8-poly-pyrrole. This is foll owed
by the second solid electrolyte layer formng step S41. in the sanme manner
as described in Enbodinent 4, the solid electrolyte |ayer fornmed by the

20 first solid electrolyte |ayer form ng step S4 has the pyrrol e nononer

| uti di d I th th f d bel d, .
oL uLLon 0PRSS EvSLL 9 U, D8R, FOT A R SEpRRE Ly
di dth , and i d dj. I he . .
e e el RS AL e 0 R R B g

oxi dati on poIgnerizatioP process. Then, .an abundance of the gxidizinghe

solution is FRROVRWEYLE | MRQTRINSH t FuttePTor HEPSREES . S¥RBNY t RB
dielectric oxide _cladding |layer is restored, rinsed with water or .hot
wat er, and drFeBELR%R.t of t3pfd RHRS & Gig & &8 horhELgeNT g

el ectrolyte | ayer of poly-pyrrole, Then.,in the third sgLid el e trolxig
| ayer forni ngS%tdpian or havingpkhei 8Xifd2ppgpaPeutbydPLSBRTFRY EVBRMYI I . .

of 10 ethyl ene dioxythio%hene, 0.75 nol |1 of P-toluene ferrous
t eing exposed directly to the pyrrole monomer

thereon” and
solution to thereby form a polymer layer of poly-pyrrole
through a chemical oxidation polymerization process as
described for Embodiment 1.

10 Then, an abundance of the oxidizing solution is
removed by rinsing with water or hot water and then the
dielectric oxide cladding layer is restored. Subsequently,
the residues deposited on the polymer layer during the
polymerization process are removed by rinsing. After the

15 'polymer. layer has been dried out, the anocde element is
covered with the solid electrolyte layer of poly-pyrrole.

This is followed by the second solid electrolyte layer
forming step S4°. In the same manner as described in
Embodiment 4, the s0lid electrolyte layer formed by the

20 first so0lid electrolyte layer forming step S4 has the
pyrrole monomer solution dispersed evenly on the surface
thereof and being exposed directly to the oxidizing
solution or having the oxidizing solution dispersed thereon

and being exposed directly to the pyrrole monomer solution



sul fonate as an oxidizer, and 0.15 nol/I of sodium al kyl -
| ene-sul fonate as a dopant into a water solution contain

napht ha
ng 10 wt % of

et hyl ene glycol. The anode elenment with the solid electrolyte |ayer 15

formed by the second solid electrolyte |ayer form ng step

S4' is then

imrersed into the suspension for a predetssrmne tine |length, then drawn

up, and held for a predetermned tinme |length. Thereafter,

an abundance of

the suspension is renoved by rinsing with water or hot water. 20 After the
di el ectric oxide cladding |ayer has been restored, rinsed with mater or
hot water, and dried, the anode elenent is covered with a soli

el ectrol yte [tRyd&porEf a MW dptvere ofsinrdy v rordier Fheaudd & é@ﬁnﬁicﬁle

Iayer is formed of -36-

y-t hi ophene sel ectively using as an electrically

. Onduct i vc opakgfden ﬁogyﬁﬁrﬂéﬂtl@@IPﬁo%¢%%troIyt|c capaci tor of

Enbodlnent 6 can be inproved in performance. Enbodi nerit
feature of Enbodi #ben.7 d&hffabendaheem ohattlet Erdsbid it

'?2 5 As a
wlattiame fdresent

invention, the third solid electrolyte |ayer formng step S4" is
i mpl ement ed pmogiedctry| Finsipol ydh zeaten oo ipkovetele polpaeri £&E on
speed. Also, even in the case where a capacitor is left in 10 an initial

and hi gtﬁterrpbleétearte"lcomma)nslaﬁdm|alayer is restored,

rinsed with

water or hot water, and dried out. Thus, the anode element

is covered with the solid electrolyte layer of
Then in the third solid electrolyte layer

S4'', a suspension is prepared by dissolving

poly-pyrrole.
forming step

1.0 mol/1 of

10 ethylene dioxythiophene, 0.75 mol/l of P-toluene ferrous

sulfonate as an oxidizer, and 0.15 mol/l of sodium alkyl-

naphthalene-sulfonate as a dopant into a water solution

containing 10 wt% of ethylene glycol.

The anode element with the solid electrolyte layer

15 formed by the second so0lid electrolyte layer

S4' is then immersed into the suspension for a

forming step

predetermine

time length, then drawn up, and held for a predetermined

time length. Thereafter, an abundance of the suspension is

removed by rinsing with water or hot water.

20 After the dielectric oxide cladding layer has been

restored, rinsed with water or hot water, and dried, the

anode element is covered with a solid electrolyte layer of

poly-thiophene.

Since the third solid electrolyte layer

is formed of



el ectrolytic capacitor can be inproved in | ow inpedance characteristic.
The solid electrolytic capacitor manufacturing nethod of Enbodi nent 7 of
the present invention will now be 15 described. The solid electrolytic
capacitor of Enbodinent 7 is fabricated in the same manner as that of
Enbodi ment 6 except for the foll ow ng pr@sedure. . That is, in this
Enbodinent 7, in the third solid electrolyte |ayer formng 20 step $411, a.
suspension is prepared by dissolving 0.5 nolll of ethylene di oxythiophene,
and 0.1 nol /Il of chloride alkyl--naphthal ene-sul fonate as a dopant into a
water solution_ containing isopropyl alcohol for stabilization thereof.
-37- Then t herPahydehitphene wiseechdvedli d €SErd r oBJt e ¥ayerliestrirald¥d
into the water solution where a working electrode is contacted to a part
of the el ectrieafpytivondwaiveepol yrer Fageltantt haodtite eldcrtgPryrécs
pol ynmerization is conducted under application of a constant voltage of 3V
for 30 m nut e€2PaRLEST t ©iE Bnkedinerst 1§ cajphitudtinrevigd yiePeripsmapee.
pol yet hyl ene di oxythi ophene is evenly deposited. By this arrangenent, a
resul tant solid el eEnpodismeért A0 capacitor of Enbodi ment 7 can be inproved
in performance in
5 As a feature of Embodiment 7 different from that of
Embodiment 6 of the present invention, the third solid
electrolyte laver forming step S4'' 1is implemented Dby
electrolytic polymerization to improve the polymerization
speed. Also, even in the case where a capacitor is left in
10 an initial and high temperature conditions, a solid
electrolytic capacitor can be improved in low impedance
characteristic.
The solid electrolytic capacitor manufacturing method
of Embodiment 7 of the present invention will now be
15 described.
The solid electrolytic capacitor of Embodiment 7 is
fabricated in the same manner as that of Embodiment 6
except for the following procedure. = That is, in this
Embodiment 7, in the third solid electrolyte layer forming
20 step S4'', a suspension is prepared by dissolving 0.5 mol/1
of ethylene dioxythiophene, and 0.1 mol/l of chloride
alkyl-naphthalene~sulfonate as a dopant into a water
solution containing isopropyl alcohol for stabilization

thereof.



addition to an effective action of Enbodi nent 6. Enbodinent 8 As a feature
of Enbodi nent 8 of the present invention, the third solid electrolyte

| ayer formng step S4" is 15 inplenented by repeating at |least two or nore
times a procedure of the anode el enent being imersed into the suspension
contai ning the nononer, oxidizer, and el-eetrically conductive polyner for
a predetermned tine length, and then drawn up and held in the air for a
20 predetermned tinme length. Thus, in addition to the feature of

Enbodi nrent 6, the feature of this enbodi nent can ensure fabrication of a
solid electrolytic _capacitor having a higher degree of fgrfornance. - 38-
The solid el ectrol Jrfe EpacPrefemaptenedtr idhmethed W1EhbEdierEre1gtss
the present invention will now be described. The third solid electrolyte
| ayer fornmingl3vep &8 imperssdgdidto dde iveEbotw hehton YReYephelORkeRIbY
the procedure _such that the anode elenment is imersed into the suspension
for a predet efhPABEOEE mels ertprachedn tap, ahePartoro Wisecieleetirigally

l ength, rinsed with water or hot water to renove an abundance of the
suspensi on, afen€RehiyYensa@Pliexgai Aavieth vl er tBathotthet eeleshgoditég

out. This
5 polymerization is conducted under application of a constant

voltage of 3V for 30 minutes. Thus, the electrically
conductive polymer layer of polyethylene dioxythiophene is
evenly deposited.
By this arrangement, a resultant solid electrolytic
i0 capacitor of Embodiment 7 can be improved in performance in
addition to an effective action of Embodiment 6.
Embodiment 8
As a feature of Embodiment 8 of the present invention,
the third solid electrolyvte laver forming step S4'' 1is
i5 implemented by repeating at least two or more times a
procedure of the anode element being immersed into the
suspension containing the monomner, oxidizer, and
electrically conductive polymer for a predetermined time
length, and then drawn up and held in the air for a
20 predetermined time length.
Thus, in addition to the feature of Embodiment 6, the
feature of this embodiment can ensure fabrication of a
solid electrolytic capacitor having a higher degree of

performance.



procedure is repeated several tines to formthe solid electrolyte |ayer of
pol y-thi ophene nore uniformy. Enbodinment 9 As a specific feature of
Enbodi mrent 9 of the present 15 invention, the solid electrolytic capacitor
manuf acturing method of any of Enbodinments 1, 4, and 6 is nodified as
following. That is, after the cathode | ayé-formng step S5 is carried
out, a step of heating the anode elenent with the solid electrolyte |ayer
provi ded thereon is carried out. 20 This allows unwanted organic residues
deposited on the polynmer |layer to be conpletely renoved off while the
solid electrolyt

I ' id. h tri ' .
production of a sgﬁﬁgy§$%%$p%#€$F€g%%$%%i$%§§FC $5L%§H§EQ9E%%%%$$%%E%O%nd
ESR | | . -39; lid.electrolyti ' . turi, f
Embod meni 0 O CHPCGHASHT Prveh |OIF WP SR bEMUARELIT bl T HBre Het ai I
in the formof exanples. (Exanple 12) 5 The same net hod as of Enbodi nent 1

was used for 9¢8HF} ing a solid electrolytic capacitor except for the
foll owi ng procedure. That is, after a cathode_|ayer is  for je S85

.
subsequent to forrﬁ?ﬁ;%P¥F¢sﬁ°¥ﬂﬂiq}EQQﬁ9%ﬁ§§I}F@eFa§8FmFHgsggﬁPg§?$th

anode el ement having the 10 first solid_eleptrohyte | ayer forned thgreon
was Subjgcteddescrlbed in Embodiment 6 is implemented by the procedure

such that the anode element is immersed into the suspension
for a predetermined time length, drawn up, held for a
specific time length, rinsed with water or hot water to
remove an abundance of the suspension, and then rinsed
10 again with water or hot water, and dried out. This
procedure is repeated several times to form the solid
electrolyte layer of poly-thiophene more uniformly.
Embodiment 9
As a specific feature of Embodiment 8 of the present
15 invention, the solid electrolytic capacitor manufacturing
method of any of Embodiments 1, 4, and 6 is modified as
following. That is, after the cathode laver forming step
S5 is carried out, a step of heating the anode element with
the solid electrolyte layer provided thereon is carried out.
20 This allows unwanted organic residues deposited on the
polymer layer to be completely removed off while the soliad
electrolyte laver remains solid, hence contributing to the
production of a solid electrolytic capacitor improved in

capacitance and ESR level.



to a heating process at 250 C. (Exanple 13) The sane nethod as of

Enbodi nent 4 was used for fabricating a solid electrolytic capacitor
except for the 15 follow ng procedure. That is, after a cathode |ayer is
formed in step S5 subsequent to formng a second solid electrolyte |ayer
in step S4', the anode el enent having the3dsecond solid electrolyte |ayer
formed thereon was subjected to a heating process at 250 C. 20 (Exanple
14) The same nethod as of Enbodi ment 6 was used for fabricating a solid
el ectrolytic capacitor except for the follow ng procedure. . That is,
after a cat hode nger is forped in step S5 subsequent %% {orning at%hird
solid -40- el ectrotBR eSPhi@reiACEFepY B CRRRCLFOHMEPRABATIREDT niethng
third solid electrolyte |ayer formed thereon was, sub'ected.tqta heatJ ng

process at 250f CERRSSHmEntsof 29T 5 HesoPrgsehtct BYFRFEOR apHditt oPOWasPe

fabricated using the_above nentioned conventjonal nmethod, As the solid

el ectrol ytic Gepaeidest sinfmasafatead i An ¢hel £0xHd O&oRBAFPLER -2 wer e
measured in the static capacitance at 120 Hz and the ESR | evel at 100 kHz,
their nmeasurenments (Bxpmpp¥e sifown in Table 3 in Fig. 10.

5 The same method as of Embodiment 1 was used for
fabricating a solid electrolytic capacitor except for the
following procedure. That is, after a cathode layer is
formed in step S5 subsequent to forming a first solid
electrolyte layer in step S4, the anode element having the

10 first solid electrolyte layer formed thereon was subjected
to a heating process at 250 °C.
(Example 13)
The same method as of Embodiment 4 was used for
fabricating a solid electrolytic capacitor except for the
15 following procedure. That is, after a cathode layer 1is
formed in step S5 subsequent to forming a second solid
electrolyte layer in step S4', the anode element having the
second solid electrolyte layer formed thereon was subjected
to a heating process at 250 °C.
20 (Exampls 14)
The same method as of Embodiment 6 was used for
fabricating a solid electrolytic capacitor except for the
following procedure. . That is, after a cathode layer is

formed in step 55 subsequent to forming a third solid



As apparent from Table 3, the solid electrolytic capacitors of Exanples 12
to 14 are higher in capacitance and ESR | evel than those of Conparison 2.
Since the anode elenment with the solid electrolyte 15 |ayer provided
thereon is heated after the cathode layer formng step, its solid
electrolyte layer can remain solid and h4gh in the bonding strength, thus
contributing to the production of a solid electrolytic capacitor increased
in capacitance and ESR | evel. 20 The heating nmay preferably be conducted
at a tenperature ranging from230 to 280 C. If the tenperature for the

heating is not. higher than 230 C, the saljd electrolyte layer w.ll_ hardl

r emai ngsol i d.e]\ﬁfé%oﬁfyée ta:g?'hffe‘?aﬁﬁrét?fce% s ’28%}‘%, apRdes G FR BB e Y

| aver -41- will be _deteriorated thus declini t he capaci.tance and the ESR
| evel . Enbodithsht ThOX& s5edit ¢ @&iﬁPZYBP EﬁggaFneﬁ?P@ﬁdof FESPt ettt 5

invention resides in the fact that the residues deposited on the first

sol i d el ect r duaiedtarertoare heait iggeprecesiant 859 Hy- weight. Wth a m ni num
of the residues, the solid electrolytic capacitor can be inproved in

vol unetric conpact§&Parigorhelsolid el ectrol ytic capacitor of Enbodi ment

10 wi ll .
A solid electrolytic capacitor was fabricated using

the above mentioned conventional method.
As the solid electrolytic capacitors of Examples 12 to
14 and Comparison 2 were measured in the static capacitance
at 120 Hz and the ESR level at 100 kHz, their measurements
10 are shown in Table 3 in Fig. 10.
As apparent from Table 3, the solid electrolytic
capacitors of Examples 12 to 14 are higher in capacitance
and ESR level than those of Comparison 2.
Since the anode element with the solid electrolyte
15 layer provided thereon is heated after the cathode layer
forming step, its solid electrolyte layer can remain solid
and high in the bonding strength, thus contributing to the
preduction of a solid electrolytic capacitor increased in
capacitance and ESR level.
20 The Theating wmay preferably be conducted at a
temperature ranging from 230 to 280 °C. If the temperature
for the heating is mnot higher than 230 °C, the solid

electrolyte layer will hardly remain solid. When the

temperature exceeds 280 °C, the solid electrolyte layer



now be described in nore detail. According to Enbodi nent 10 of the present

i nvention, the residues deposited on the polyner |ayer during the first
solid electrolyte layer formng step S4 are mnimzed 15 and their

resul tant neasurenents are shown by inpedance values in relation to
frequencies (Hz) in Fig. 7. As apparent ffbmFig. 7, the declination in the
ESR |evel can be m ni mum when the residues deposited on the polyner |ayer
during the first solid electrolyte layer 20 forming step are not greater
than 5 % by wei ght. Enbodi nent 11 A specific feature of Enbodi nent 11

resides 1n theind Al ddldditddd S$ha0dohiaeal! ehi! 8abauethat hag shEP S4

is inplenmente y e ectr&iytlc polynerization to I nprove - 3- t he

pol yreri zat i égg%/uso, inan initial. stage and even in the case
or1s

where a capaci eft in a high tenperature condition, a solid
electrolytic capacidar can .be Jnproved in |ow inpedance characteristic. 5
The solid elgctrolj#ﬁgxgﬁﬁﬁgfﬁgi manuf acturing method of Enbodinent 11 of
ctched foi | provi ded REPRTAS) b e ooth MEGostRER LA ReoE! dhent BTt Bnode
el ement gs SL%%&%%é%EﬁcEénges in the fact that the residues deposited

on the first solid electrolvte layer are not greater than

5 % by weight. With a minimum of the residues, the solid

electrolytic capacitor can be improved in volumetric

compactness.

10 The solid electrolytic capacitor of Embodiment 10 will

now be described in more detail.

According to Embodiment 10 of the present invention,
the residues deposited on the polymer layer during the
first solid electrolyte layer forming step S4 are minimized

15 and their resultant measurements are shown by impedance
values in relation to frequencies {(Hz) in Fig. 7.

As apparent from Fig. 7, the declination in the ESR
level can be minimum when the residues deposited on the
polymer layer during the first solid electrolyte layer

20 forming step are not greater than 5 $ by weight.
Embodiment 11
A specific feature of Embodiment 11 resides in the

fact that the first solid electrolyte layer forming step S4

is implemented by electrolytic polymerization to improve



oxi dation process using a water solution containing 3% adipic acid
ammoniumto thereby forma dielectric oxide cladding |layer on the outer
surface of the anode el enent. Next, for formng an electrically conductive
polymer 15 layer in step S3, the anode elenent with the dielectric oxide
cl addi ng | ayer was imersed (S31) in a wa#er solution which had a surface
tension of 70 X 10-3 N{m and contained 5 wt% of poly-aniline derived from
a nononmer where Rin Fornula 1 was replaced by an ethoxy group, and then
the 20 anode el ement was drawn up to evaporate the water which serves as a
sol vent. Then, the anode el ement was heated at , 200 C.fo%.gﬂﬁépg §F£§§2)
to thereby fokhe apobvieerizeblony seeAduct iAeE Yol Vel dyer FherEsit. For
forming the first solid electrolyte |ayer in steg -43- §4¢t0'5 I/ﬂigg
pyrrol e monong¥emndro. heplgaBeof WBBHEuR SPRPFLRSPnttTal efietsutt ofate are

previously m xed, and then water serving .as a sol vent .and prop
phosphori c est%mpe%ﬁﬁ&ﬁmgCGBdét%mnadFu§di%ﬁ e (f%quﬁ%§§§?%?ﬁw5%%re a
5 polynerization solution of pH 2. By using the_ polynerization solution,
an el ectrode borimpzevehgin pelw ferediicen GRS r$&t et §54Cro t he al umi num
etched foil and the electrogitic pol ymeri zation is conguc ed,with Eﬂ d

At @

el ectrol $tic vol t dfjee ofoditl slpebrobytiy, crRaTHLRE FO1Y BE a9 oft®
pol ymer filmduring the polynerizing , .
of Embodiment 11 of the present invention will now be
described.
{Example 15)
An aluminum etched foil provided with a lead is used
10 as an anode element. The anode element is subjected to an
oxidation process using a water solution containing 3%
adipic acid ammonium to thereby Iform a dielectric oxide
cladding layer on the outer surface of the anode element.
Next, for forming an electrically conductive polymer
15 layer in step $3, the anode element with the dielectric
oxide cladding layer was immersed (S31) in a water solution
which had a surface tension of 70 X 107 N/m and contained
5 wt% of poly-aniline derived from a monomer where R in
Formula 1 was replaced by an ethoxy group, and then the
20 anode element was drawn up to evaporate the water which
serves as a solvent. Then, the anode element was heated at
200 °C for 5 minutes (S32) to thereby form an electrically

conductive polymer layer thereon.

For forming the first solid electrolyte layer in step



process are renoved by rinsing (S42) and then the polynmer filmis dried
(S43). Next, in order to forma cathode |ayer in step S5, the anode

el enent is covered with a carbon coating and a silver 15 paint coating
applied and is dried. As a result, a capacitor elenent is fabricated.
Thereafter, the capacitor element is encépsulated with a resin enclosure
of an epoxy resin material. (Conparison 3) 20 In Conparison 3, in order
for formng the first solid electrolyte layer in step S4, the anode

el ement had a pyrrole nononer solution dispersed evenly on the outer

surface and tg,1he.BOGES AN LYly AN IEGLLER CYRESYLs AL e Bodyn

oxi di zing solution"to torma p - pyrr pol ynmer roug
cl'addi ng | ay EreRE R o b A evidlie ) R Lo ¥ e
e e P RS Bebanl ol BRTOESL °dier L0500 Rt D 8,
Phe anode. ol cHER Waeo? | RaPly 205REEEN: PTG MEGHT SOQR Y O RETRATA 2

Laver of 0ol Yoo DLl 25 T OLBSLRLECCRSES B° 1S Sa™pgs Lgsg of 20

polymerization solution, an electrode for starting
polymerization is set close to the aluminum etched foil and
the electrolytic polymerization is conducted with an
electrolytic voltage of 2V. Subseguently, residues

10 generated on the polymer film during the polymerizing
process are removed by rinsing (S42) and then the polymer
filnm is dried (843).

Next, in order to form a cathode layer in step S5, the
anode element is covered with a carbon coating and a silver

15 paint coating applied and is dried. As a result, a
capacitor element is fabricated. Thereafter, the capacitor
element is encapsulated with a resin enclosure of an epoxy
resin material.

{Comparison 3)

20 In Comparison 3, in order for forming the first solid
electrolyte layer in step S4, the anode element had a
pyrrole monomer solution dispersed evenly on the outer
surface and in the pores thereof and .was then exposed

directly te an oxidizing solution to form a poly-pyrrole



The pyrrol e nonomer solution was prepared by dissolving 1.0 nol/| of
pyrrole and 0.25 nol /Il of sodium alkyl-napht hal ene-sul fonate as a dopant
into a water solution containing 10 wt % of ethylene glycol. The 15
oxi di zing solution was prepared by dissolving 0.75 nol/l of iron sulfate
(1'11) as an oxidizer, 0.05 nol/| of sodit#h- al kyl - napht hal ene-sul fonate as
a dopant, and 0.75 nol/l of sulfuric acid as an additive into a water
solution containing 10 wm % of ethylene glycol. 20 (Conparison 4) A solid
electrolytic capacitor was fabricated by the same nmanner as of Exanple 15

t the foll 1 Th a,.the el
Conduct i ve  FTOREE 5yt %eu?z ﬁe&hsvlﬁﬁﬂﬁ%?xé’gfh%n TRl

nitrate 30 @6mater solu on, t ur.al ti at f 10
ni nutes for deconpd$ EFG nﬁéeﬁﬁﬁ 5ﬁ858 8? ?ﬁ 9e+a§%% Jﬁ{

el ectrolytic capa0|tors of ExanEIe 15 and 5 Conpari Qns a d 4 wf
subj ected t o 39y akRmeMei Vas chegPacTeRi é‘tglleg ReEr & RS AR
measurenents are shown in Table 4 in Fig. each gsureng i $
average of tHﬁﬁ#€5§Uﬂ€ﬂéht§€ﬁﬁ6WﬁFeﬁe§8Fﬁﬁe€IQBtFBFyF? Bpattt

type. 10 As apparent from Table 4, as the solid el ctroJ tic
yP éﬁ; polymerizing process were removed(%y ri 51ng {S42) and

geach

then the polymer film was dried (S43). This action was

repeated three times so that the anode element was finally

coated with the first solid electrolyte layer of poly-

pyrrole. The other processes are the same as those of
10 Example 15,

The pyrrole mnonomer solution was prepared by
dissclving 1.0 mol/l of pyrrole and 0.25 mol/l of sodium
alkyl-naphthalene-sulfonate as a dopant into a water
solution containing 10 wt% of ethylene glycol. The

15 oxidizing solution was prepared by dissolving 0.75 mol/l of
iron sulfate (III) as an oxidizer, 0.05 mol/l of sodium
alkyl-naphthalene~sulfonate as a dopant, and 0.75 mol/l of
sulfuric aclid as an additive into a water solution
containing 10 wt% of ethylene glycol.

20 {(Comparison 4)

A solid electrolytic capacitor was fabricated Dby the
same manner as of Example 15 except the following step.
That is, in Comparison 4, the electrically conductive

polymer layer was formed by Iimmersing into a manganese



capacitors of Exanple 15 were fabricated through electrolytic
pol ynmeri zation using a pol ynerization solution of a |ow pH val ue,
i npedance and | eakage characteristics are remarkably inproved conp

the 15 solid electrolytic capacitors of Conparison 3 which were

t hrough chem cal oxidation pol ynerizati om5-Al so, the static capacit
| eakage current characteristics are remarkably inproved in Exanple
conpared to the solid electrolytic capacitors of Conparison 20 4 which were

t he
ared to

fabri cat ed

ance and
15

fabricated by forming a solid electrolyte I|ayer on the surface of a
manganese di oxide |ayer .through electrolytic polynerizatjion. rth
above, the predd@ts mrerdt G e%r&?ﬁﬂgéoPhexatPégg %P?l?éheéﬁgﬁﬁéﬁﬁé? ﬁ%ge
element into a wat er solution -46- of electrically cond ctiverﬁolgner
cont ai ni ng a IBArEphPEi 0 BLBUBESF nfPReIPEPPRRFLEICRCEAr TR A (FEHEHIERS ng
up and heating the sanme to forman electrically conductive polyner |ayer
on the dieIexﬁ%Q%%Q%dLﬁyaﬂ-adding | ayer; and coating 5 the electrically
conductive polyner layer with_a solution containing nﬁnoneL 2& a

het erocyclic conp&mﬁj%@1+@59186FF9é¥F%%,Cﬁ@@f&éPFﬁré?t 2HBhener i34 he

solution to forma polyner layer, rinsing the anode el enent to rquve

resi dues® depSSIMRSE iGeshe 3pARGred | ¥SER , M sftfChgtPheHR%hnaHE et
forma first solid electrolyte |ayer,

characteristics were measured. Resultant measurements

TEnt to

are

shown in Table 4 in Fig. 11, each measurement being an

average of the measurements from ten solid electrolytic

capacitors of each type.

10 As apparent from Table 4, as the solid electrolytic

capacitors of Example 15 were fabricated through

15

20

electrolytic polymerization using a polymerization solution
of a low pH value, the impedance and  leakage
characteristics are remarkably improved compared to the
solid electrolytic capacitors of Comparison 3 which were
fabricated through chemical oxidation polymerization.

Also, the static capacitance and leakage current
characteristics are remarkably improved in Example 15
compared to the solid electrolytic capacitors of Comparison
4 which were fabricated by forming a solid electrolyte
layer on the surface of a manganese dioxide layer through
electrolytic polymerization.

As set forth above, the present invention provides the

steps of: immersing the anode element into a water solution



wher eby resi dues deposited on the solid electrolyte layer during the

pol yneri zati on process can be renoved by an appropriate neans such as
rinsing with a shower during the solid electrolyte layer formng step. 15
Accordingly, as its solid electrolyte layer is fornmed uniform the solid
el ectrolytic capacitor can be inproved i-#6reliability. In addition, the
step of providing the first electrolyte layer is followed by a step of
providing a 20 second solid electrolyte |layer under different conditions.
Alternatively, the step of providing the first electrolyte Ilayer is
followed by a step o royidin second solid electralyte lLayer under
0T ferent onBit FORSERRGSLhereandetERr e pE gt R SRR i e S B a o

| ayer of a different, 47 eIecHricaIIé conducti ve OL%%Er. Those features
can inprove tHE°8Rpdt t fhGe PHHAISct BFFUEFErandhe CERAEDG HiR 2t

contributing to roduction of a golid electrol yti.c capacjtar, _havi a_5
hi gher degreehﬁﬁtgﬁgi BRI B8y Whr %H%r?na%l??ﬁfggﬁiiytd%ﬂ#q§%%gﬁb@°®%ﬁﬁrthe
solid electroglyte layer is_heated after, the cathode |ayer fornmn st ep,
its solid el egf‘{’SFyP@yl%rd%%"rﬁl%o??bd%nﬂfaﬁgﬁ%?%luigzﬁﬁ" i F%g]p&%?ﬂ‘réflgp

| ayer can congletely he rempved. 10 Accordingly, the solid_electrgl tic
capacitoﬁ canthg electrically conductive polymer layer with a solution

containing a monomer of a heterocyclic compound or its
derivative, polymerizing the monomer in the solution to
form a polymer layer, rinsing the anode element to remove
residues deposited on the polymer layer, and drying the

10 anode element to form a first solid electrolyte laver,
whereby residues deposited on the solid electrolyte layer
during the polymerization process can be zremoved by an
appropriate means such as rinsing with a shower during the
s0lid electrolyte laver forming step.

15 Accordingly, as its solid electrolyte layer is formed
uniform, the solid electrolytic capacitor can be improved
in reliability.

In addition, the step of ©providing the first
electrolyte layer 1is followed by a step of providing a

20 second solid electrolyte layer under different conditions.
Alternatively, the step of providing the first electrolyte
layer is followed by a step of providing a second solid
electrolyte layer under different conditions and then a

step of providing a third electrolyte laver of a different



enhanced in capacitance characteristic and in ESR | evel. Although the
present invention has been described in connection with the preferred
enbodi ments thereof with reference to the acconpanying drawings, it is
be noted 15 that various changes and nodifications will be apparent to
those skilled in the art. Such changes angysnodifications are to be
understood. as included within the scope of the present invention as
defined by the appended cl ainms, unless they depart therefrom
1111111212121121212211212121111 -48- << Al SWHAT IS CLAIMED IS 1. A
met hod of manufacturing a solid electrolytic capacitor conprising the
steps of : prosletigicalhelcanduatios @@ lyimed.on a surface of an 5 anode
el ement nade of a valve netal; imersing the anode el ement into a water
solution of el ect¥hese |y Eeatutesve FobynerimRFAVE ni nghe hyERBRRFFRRCE
group in a polynmer structure and then drawi ng up the anode elenent and
heating the scheractéoistin ehdctthealBSR 10eFohducthve penEFPULiVEr BA
dielectric oxide cladding |ayer; coating the electrically conductive
pol yner | ayerpyodicttorsolat i en sohtdi nehgcareobybher aHpatiierer Beyérpc @
compound or its derivative, and polynerizing the nononmer in the

5 higher degree of reliability.

Moreover, as the anode body covered with the solid
electrolyte layer is heated after the cathode layer forming
step, its solid electrolyte layer <xemains solid and
residues on its polymer layer can completely be removed.

10 Accordingly, the solid electrolytic capacitor can be
enhanced in capacitance characteristic and in ESR level.

Although the present invention has been described

in connection with the preferred embodiments thereof with

reference to the accompanying drawings, it is to be noted

15 that various changes and modifications will be apparent to

those skilled in the art. Such changes and mbdifications

are to be understood. as included within the scope of the

present invention as defined by the appended claims, unless

they depart therefrom.

to

t he



15 solution to forma polyner layer, rinsing the anode elenent to renove
resi dues deposited on the polyner |ayer, and drying the anode elenent to

forma first sql, ectrolyte layer; and providing a cathode |ayer on the
first solid Z@Iﬂﬂﬁu"”ﬂummyer 2. A method of manufacturing a solid
el ectrolytic y Ao ing to clai"f1, wherein the electrically
conductive polyner having a Hydrophilic group in the polyner structure is a
derivative of aniline, pyrrole, thiophene, or furan of the nononmer. 3. A
met hod of manufacturing a solid electrolytic 5 capacitor according to
claim2, whergiirtfe @ eak#dcally conductive polymer having a hydrophilic
group in the polyner structure is a self-doping type electrically

conduct i ve pol yer haviggydeAuke YF CnghobRerd0ids A TRINOE gl HRRUtgELLring

a solid electrolytic capacitor according a , erern

Ctructure i & SO T ol i 8 BBt For la 2! 15 (Formila’2)
R SG3HS5 A WEtm%%é%ié?%&”gcéyéiggtgigogggdgl%giﬁogxﬂé:surface of an
5 anode element made of a valve metal;
immersing the anode element into a water solution of
electrically conductive polvmer containing a hydrophilic
group in a polymer structure and then drawing up the anode
element and heating the same to form an electrically
10 conductive polymer layer on the dielectric oxide cladding
layer;
coating the electrically conductive polymer layer with
a solution containing a monomer of a heterocyclic compound
or 1its derivative, and peclymerizing the monomer in the
15 solution to form a polymer layer, rinsing the anode element
to remove residues deposited on the polymer layer, and
drying the anode element to form a first solid electrolyte
layer:; and
providing a cathode layer on the first solid

20 electrolyte layer.

2. A method of manufacturing a solid electrolytic
capacitor according to claim 1, wherein the electrically

conductive polymer having a hydrophilic droup in the



capacitor according to claiml1, wherein the water solution 20 of the
el ectrically conductive polymer having a hydrophilic lull 111111 X1111 ||

[T 11 'l -50 Cgroup in theﬁ qﬂge structure has a surface tension of

not higher than 7 m‘ﬂm:‘mﬂ d of manufacturing a solid
el ectrolytic 5 ca

to c |m1 wherein the heating is
conducted at a tenperatur'e rangl ng from160 to 250 C. 7. A nethod of

manuf acturing a solid electrolytic capacitor according to claim1, wherein
the formation of 10 the first solid electrolyte layer is inplemented by a

chem cal oxi? g,g@rpcg uzr%tl 98 P OGRSS WSiRG a8r Odrfii1z8ie, F{reomgt hod

of manufactu a sol1 eI ectrolytic capacitor according to claim?7

wherein the §%§8§>P£né5 (pfoivﬁld%ﬂtq)f he d fctors@! .1 d el ectrolyte layer is
y

i mpl enent ed epeating at l'east two or nore times a procedure of:
i mmer sing the anode el enent into one of a nononer solution and an
oxi di zing solution for a predeterm ned tine and then into the other

solution for a prgdetejg g_o :ﬁtﬁaﬂaf%g’ég%?g i@y@&egegﬁf\lﬁ‘é{-ﬁod y

subsfequent ly restofing t rrc oxi ayer
the t onjer at (FEGFE0f, ?rc%%&fiit% P GRPA 2 vﬁ%g%ﬁ% R etb2riifarthereln

conductive polymer having a hydrophilic group in the
polymer structure is a self-doping type electrically

conductive polymer having a sulfonic group.

10 4. B method of manufacturing a solid electrolytic
capacitor according to claim 3, wherein the electrically
conductive polymer having a hydrophilic group in the

polymer structure is an aniline derivative eXxpressed by

Formula 2.
15 {Formula 2)
R
NH —
SO,H
5 A method of manufacturing a solid electrolytic

capacitor according to claim 1, wherein the water solution

20 of the electrically conductive polymer having a hydrophilic



the oxidizing solution is |lower than that when held in the air. 10. A
nmet hod of manufacturing a solid electrolytic 5 capacitor according to
claim1l1, wherein the step o providing the first solid electrolyte |ayer

f
is inplenentiﬂnlﬁﬁﬂﬁuﬂﬁﬁ [uﬂic pol yneri zation. 11. A method of
manuf acturin : A fblytic 10 ceacitor according to claim 10,

wherein the efectroTytlc pol yneri zation is performed using a water
solution of pH not greater than pH 5 which contains at | east a nononer of
a heterocyclic conpound or its derivative, a pH adjustnent agent and

ter. 15 12. A nethod. of factyr| |id el ic. i
Becor di ng o SEPAPIE, RACPRTNEChGCFTRGTRGS TOT° 3 RV 1l EE ot o

i mpl emented by renoving the resi_glue/s at |east either fromthe outer
surface of tHe9RgEdEr8Red@nt® YO N/®romthe pores in the anode el enent.
13. A method of manufacturing a solid electrolytic capacitor according to
claim 12, wherein the rinsing for renoving residues either fromthe outer
surface of the - anode el ement or the pores in the.a o\(ljétele nt, .i

52 .
i npl emented by ri fsi ng®witHEResE hshe MeS 3G T d o ct udPhg &Gtr t1:f\§1t er,

or organic solvent or air or_gas, b . . .
d 5 capacitor accordf%g toy claim 1, wherein the heating 1is

conducted at a temperature ranging from 160 to 250 °C.

7. A method of manufacturing a solid electrolytic
capacitor according to claim 1, wherein the formation of
10 the first solid electrolyte layer is implemented by a

chemical oxidation polymerization process using an oxidizer.

8. A method of manufacturing a solid electrolytic

capacitor according to <c¢laim 7, wherein the step of

15 providing the first solid electrolyte layer is implemented
by repeating at least two or more times a procedure of:
immersing the anode element into one of a monomer solution

and an oxidizing solution for a predetermined time and then

into the other solution for a predetermined time to form a

20 polymer layer and subsequently restoring the dielectric

oxide cladding layer.

9. A method of manufacturing a solid electrolytic

capacitor according to claim 8, wherein the temperature of



ultrasonic rinsing, or by blasting. 5 14. A method of manufacturing a solid
electrolytic capacitor according to claiml, wherein the step of
providing the first solid electrolyte layer is followed by a step of
providing a se Iyte | ayer under 10 a different condition
fromthat of pjmﬂlﬁmlmgm ? solid elsectrolyte layer. 15. A nethod of
manuf acturing a solc drel ecty of+yti ¢ capacitor according to claim1, wherein
the step of 15 providing the first solid electrolyte layer is followed by
a step of providing a second solid electrolyte |ayer under a different
condition fromthat of providing the first solid electrolyte |ayer and
then fol | onedtB§ axseipiey srp%lém%ﬁl nks al?‘ﬁﬁ?dt%%lfll Bhat evhedl YeLd| AyeFlBf an
20 el ectrically conductive polyner different fromthe first and second
solid electroRy¥e | ayers. 16. A nethod of manufacturing a solid
el ectrolytic capacitor according to claim15, wherein the step of f
111121121221223 . LEREEREIII1 112 53 sx providing the third solid
el ectrolyte layer is inplemented by repeating at |east one or nore tines a
procedure of imet8in@tRethnddeofl vapnfachtbing saspemsidnedentaphlbgca

5 capacitor according to claim 1, wherein the step of
providing the first solid electrolyte layer is implemented

by electrolytic polymerization.

11. A method of manufacturing a solid electrolytic

10 capacitor according to claim 10, wherein the electrolytic
polymerization is performed using a water solution of pH

not greater than pH 5 which contains at least a monomer of

a heterocyclic compound or its derivative, a pH adjustment

agent and water.

15
12. A method of manufacturing a solid electrolytic
capacitor according to claim 1, wherein the rinsing for
removing residues is implemented by removing the residues
at least either from the outer surface of the anode element
20 or from the pores in the anode element.

13. A method of manufacturing a solid electrolytic
capacitor according to claim 12, wherein the rinsing for

removing residues either from the outer surface of the



nmononer, an oxidizer, and an electrically conductive 5 polynmer in particle
formfor a predetermned tinme and after drawing up fromthe suspension,
hol di ng the same outside the suspension for a predetermned tinme. 17. A

met hod of man [ g ﬁam:d electrolytic 10 capacitor according to
cl aim 16, whe‘ t\ma‘ﬁlﬂ ‘ 18ion is prepsr-ed by m xing a predetermn ned
anount of non cand & predetermnm ned anpbunt of oxidizer to form

el ectrically conductive polymer particles and adding the nonomer. 15 18. A
met hod of manufacturing a solid electrolytic capacitor according to claim

15, wherein the step .of roviding the third,solid electrolyte |layer is
i npl enent ed %ﬁ?i%(ﬂﬁ%%ﬁ??t'c°§b|§g€ri?8FF8n.l§0 toe A@H%@ﬁod?%ﬁmeg% 1s

manufacturing a.solid el ectrolytic capacitor according to claimJil8,.
wherein the “@ételnlﬁr%ﬁdceb%of:}ﬁéwgaﬁil ia PROYeF ned Udiggdh imgliding
solution of pH. not greater than pH 5 which=contains at |east a nononer of
a heterocycl " &Impoinl #aters Jof i QEOAREC Hodvend] lREn@de or gas, by
111111111211212111111112111 111111 -54- C L N agent and water 20. A nethod of
manuf act ur i ngHdrEAGNd Celrd@SioRyt PE b¥aphestdhRgaccording to any of clains 1,
14 or 15, wherein 5 the step of providing the first solid electrolyte

| ayer iﬁ%ludes restoring the dielectric oxide filmprior to the

14. A method of manufacturing a solid electrolvtic
capacitor according to claim 1, wherein the step of
providing the first solid electrolyte laver is followed by
a step of providing a second solid electrolyte layer under

10 a different condition from that of providing the first

solid electrolyte layer.

15. A method of manufacturing a solid electrolytic

capacitor according to claim 1, wherein the step of

15 providing the first sclid electrolyte layer is followed by
a step of providing a second solid electrolyte layer under

a2 different condition from that of providing the first

solid electrolyte layer and then followed by a step of
providing a third solid electrolyte layer of an

20 electrically conductive polymer different from the first

and second solid electrolyte layers.

16. A method of manufacturing a solid electrolytic

capacitor according fto claim 15, wherein the step of



rinsing of the polyner filmfor renoving the residues. 21. A nethod of
nanufacturing a solid electrolytic 10 capacitor according to any of clains
1, 14 or the step of providing the cathode |ayer is foll owed
by heatlng a J&% d of manufacturing a solid electrolytic 15
capaci tor accordia 1 wher ei n-3Bhke heating is conducted at a

t enper at ure rangi ng fron1230*to 280 C. 23. A solid electrolytic capacitor
fabricated by the solid electrolytic capacitor nmanufacturing method
defined 20 in any of claims 1 to 22. 24. A solid electrolytic capacitor

according to clalg 23, .wherein the residues osited on the electrically
conduct i ve p&FPFEAiPgydhe ﬁ?%ﬁﬂqu%lQIﬁm?Q?r %i% wdiggipr is implemented

by repeating at least one or more times a procedure of
immersing the anode element into a suspension containing a
monomer, an oxidizer, and an electrically conductive
5 polymer in particle form for a predetermined time and after
drawing up from the suspension, holding the same outside

the suspension for a predetermined time.

17. A method of manufacturing a solid electrolytic

i0 capacitor according to claim 16, wherein the suspension is
prepared by mixing a predetermined amount of monomer and a
predetermined amount of oxidizer to form electrically

conductive polymer particles and adding the monomer.

15 18. A method of manufacturing a solid electrolytic
capacitor according to c¢laim 15, wherein the step of
providing the third selid electrolyte layer is implemented

by electrolytic polymerization.

20 19. A method of manufacturing a soclid electrolytic
capacitor according to claim 18, wherein the electrolytic
polymerization i1s performed using a water solution of pH
not greater than pH 5 which:contains at least a monomer of

a heterocyclic compound or its derivative, a pH adjustment
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agent and water

20. A method of manufacturing a solid electrolytic
capacitor according to any of claims 1, 14 or 15, wherein
the step of providing the first solid electrolyte layer
includes restoring the dielectric oxide film prior to the

rinsing of the polymer film for removing the residues.

21. A method of manufacturing a sclid electrolytic
capacitor according to any of claims 1, 14 or 15, wherein
the step of providing the cathode layer is followed by

heating again.

22. A method of manufacturing a solid electrolytic
capacitor according to claim 21, wherein the heating is

conducted at a temperature ranging from 230 to 280 °C.

23. A solid electrolytic capacitor fabricated by the
solid electrolytic capacitor manufacturing method defined

in any of claims 1 to 22.

24. A solid electrolytic capacitor according to claim
23, wherein the residues deposited on the electrically

conductive polymer laver are smaller than 5 % by weight.



