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MANUFACTURI NG SCLI D ELECTROLYTI C CAPACI TOR Field t he | neft Zﬁne
present invention relates to a nmethod and apparatus for manufac g a
solid electrolytic capacitor using an, el ecroconductive high. pol yner -as
a.solid electrolyte. - Background of tfle 1nvention with the recent
digitization of electronic appl i ances, a demand has-increased for
capacitors reduced in inpedance in a high frequency range, reduced in size
and increased in capacity to bgpiefridafigiti zed el ectronic appl i ances.
Conventional capacitors capable.of operating in .a high- frequency range
provi ded to meewmETHGD dONRIKPPARAPUESEOR MANUTCTURT Ndesetupi num dry

el ectrolytic capacitors and alumnumor tantalumsolid electralytic
capacitors as well ~as pl asLECTRODYTAPAaCAPHICITOR ca capacitors, and
mul-tilayer. ceramic capacitors. The aluminumdry electrolytic capacitors
above- described have a capacitor. elerent forned by w nding an etched
anode/ cat hode  al umi num foil with a separator i nterposed between portions.

of the aFdeldumf cthe Inventipacitor elenent is used in conbination with a .

liquid electrolyte. "Alumnumor tantalumsolid electrouytlc capacitors use
a The present lnventlon relates to a method and apparatus

‘for manufacturlng a solid electrolytlc capacrtor usrng an

elecroconductlve hlgh polymer as a solid electrolyte. |

Background of the Invention .
With the recent dlgltlzatlon of electronlc appllances;]
'-a demand has 1ncreased for capac1tors reduced in 1mpedance
in a hlgh frequency range, reduced in size and 1ncreased in
capacity to be used 1n dlgltlzed electronlc appllances.
':Conventlonal capac1tors capable of operatlng in a hlgh-
'frequency range, provided to meet this demand and presently_
used 1nclude alumlnum dry electrolytlc capac1tors ‘and
alumlnum or tantalum solid’ electrolytlc capacmtors as well
as plastlc fllm.capac1tors, mica capacrtors, and.multllayer
ceramic capac1tors. -

,The aluminum dry electrolytic capacitors above;
described have a capacitor element formed by winding an etched
anode/cathode aluminum-foil'with a separator interposed
between portions of the aluminum foil.- This capacitor
_element.is used in combination with a liquid electrolyte,

- Aluminum or tantalum solid electrolytic capacitors use a’
solid electrolyte from the ideayof solidifyinc the

~electrolyte of the above-described aluminum or tantalumsolid



solid electrolyte fromthe idea.of solidifying the electrolyte of the
above-descri bed alum numor tantalumsolid 2 electrolytic capacitors for
t-he purpose of inproving the characteristics. To forma solid electrolyte
for such solid electrolytic capacitors,.a manganese oxide |layer is fornmed
on an anode nenber. by inmmersing. the“anode menber inmmersed in a nitrate
solution and by thermally deconposing, in a high-tenperature furnace at
250 to 350C, the anode nenber taken out of the. solution. Solid

el ectrolélé@teanwltcor@ap@weoﬁgcho@ $0ld Gurglwd rofyifRpabeihgeenef rom
reduction in capacity by ef flux of - the electrolyte at a high terrperature'

or by drgharaotkirisatiiosi ng resul ting fromsolidificationin a low-
tenperature region, etc.., since its electrolyte is inthe solid state,

and have i nprixdibrm eqse?rld;d e&écttemlgma fior sukdr aoledi slecsroihytaropari son
with electrolytic capacitors using.liquidelectrolytes. Solid electrolytic
capaci t faPa@liArsh & aAngaRRese oxyde peypreris diomredyopoapnsnpdeng a
pol'ymeri zabl e- nronoger "such as pyrrole or thiophene is used as.a solid . -
el ect r o BEBPREPHgIMALERIN G tha Anode anmkey | Wmeraadeincenityabeen put
conduct (SRLTFAR g e Engr 46@%#9@0%%&33@%’!%”%%% eerabien is
 conduct UITIACI AL ABPRA: a'sﬁrorégar R I T
_pol ymer 'iﬁd@ibm SolJ.d electrolytlc capac:.tors using such a solJ.d :
| electrolyte are free from reductlon in capac1ty by efflux of _ o
. the electrolyte at a hlgh temperature or by dryup, |
:-malfunctlonlng resultlng from solldlflcatlon in a low
:temperature reglon, etc., since 1ts electrolyte 1s in the _7
solid. state, and have 1mproved frequency and temperature o
- characterlstlcs in comparlson w1th electrolytlc capac1tors
u51ng llquld electrolytes.y ' '
| Solid electro_lytlc capacitorsin which a conductive.hic-h
| polymer fOrmed by polymerizing a polymerizable monomer such
as pyrrole or thlophene is used as a solid electrolyte hav1ng
'hlgher electrlcal conduct1v1ty have recently been put to
'_ practlcal use. There are several methods of polymer121ng_
' such a conductlve hlgh polymer. In partlcular, electrolytlc -
'polymerlzatlon is known as a method for“obtalnlng a 5011d.'
electrolyte of a high electrical condﬁctivity;_ This method
prepares'anpelectrolytic'solution,for polymerization_by
dissolvin§ in a solvent a'polymeriZable monomer and a
supportlng electrolyte for developlng conductivity. It is

known that a hlgh—quallty solid electrolyte hav1ng a markedly -

"high conduct:x.v:.ty can be obtained. by this method because



di ssolving in a solvent a pol ynerizabl e nononer and a supporting

el ectrolyte for devel opi ng conductivity. It is known that a high- quallty
solid electrolyte having a markedly high conductivity. can be obtained, by
this nethod because 3 doping with thg supporting el ectrolyte occurs

simul taneously “with the formation of “t he conductive high pol yner during
el ectrolytic polynerization. In a process for manufacturing a solid

el ectrolytic capacitor having the above-described. conventional

-el ectr ocapguey wethi aﬂergﬂp@r&rtm %1%311%?% Uit s imiQRMRIousTly1ce a

cat hode ‘di Sposed. inside a polynerization ath for electrolytic

pol ynmeri wdtthorhes fotita®ioNebdl tHheckonfuct Biel ies§h bb@gﬁl@rrf F@idgea of a -
cat hode placed in a polynerization.bath is changed with passage of. tine

by nelti ejectircd yhiid goelymerieatdondepositi on of a conponent of the
, pol yneri zation solution on the.surface during ‘use for electrolytic

polynerlzatlohnoaepradeaﬁ;ﬁnnnmqnnfam&uruaguatsn@nd1eiehﬁrmiyt20
condi tion, e. reduction i'n the  current. flow ng through the- cathode

while a %Béfzamorvdﬁ\@gw tRe apbrveddeserdihed iqoniemt dosade, .. it is
"difficult to intain the desjred_stability of production._ Moreover,

'because ?%@CE&gﬁe YtV RigRoPeLBUET: §Sad SQfokt SRRBEFOIBERY ng an anode'
that 2 BBefBRST ALy L sl teeRaRy S3lide b ol geled Ly phe anode
e'ECtrOQQQQHCEbreeEEQQﬂgfﬁﬂﬁﬂ'ﬂdlﬁﬂerlzatlon is made of metal such
' as stalnless, the surface area ‘of a cathode placed 1n a
| polymerlzat::.on bath is changed Wlth passage of time by meltlng _
of a surface portlon or. dep051tlon of a component of the
' polymerlzatlon solutlon on the surface durlng use for B
-electrolytlc polymerlzatlon over a long tlme perlod,
'resultlng'ln.a defectlve condltlon, e. g.,’a reductlon in the
T l_current flow1ng through the cathode th.le a constant voltage
is applied- thereto. In such_agcase,.lt is dlfflcult_to- -
maintain the-deslred-stability:of production. |
| Moreover,'becausefthe.cathode is placedfso close.to an:
:.anode member formlng an anode that a gas generated at the
cathode can ea51ly be attached to the anode member, there is

'"a_problem of dlfflculty in obtalnlng a unlform _

electroconductive high polymer f£ilm.

Dlsclosure of the Inventlon

| In view of the above descrlbed problems of the
conventlonal art, an_object_ofgthe present invention is to_._
provide a method and apparatussfor mannfacturing a solid

electrolytic capacitor in such a manner that a uniform



Di sclosure of the Invention in view of the above-described problenms of the
conventional art, an object of the present invention is to provide a

“met hod and apparatus for manufacturing a solid electrolytic capacitor in
such a manner that a uniform4 electroc.onductive high polyner filmcan be
formed with stability.. To achieve th& above- descri bed obj ect, accordlng to
one aspect of the present invention, there is provided a nethod of
nanufacturlng a solid electrolytic capacitor in which an anode nenber is

i mrer sed ellect fe@otRi¢ Eiv e ONigh! poilymedf fiHm Tax besSormedartitil ar, and a
solid electrolyte layer of a conductive polymer is formed on a dlelectrlc
oxi de fi smakeyerty. on the anode nmenber by performing electrolytlc
pol yneri zation wusing a feed el ectrode as an anode and using as a cathode a
" carbon menberTplaafeteve the ahovarmiescribed ol jrtbn. acerdingfteons the
cat hode used in this nethod is_not easily nolten even if an acidic T
pol yneri 28PE6F 98| EFPOHrSFeBFI ingentden i $hegeeds pEeVikied & Bedhoshber has g
a Iargere%urfacg area.in arls n mnta a. ,etallic nenber since it is :
por ous néagn ﬁFFVr ltnﬁearé &fiu BherR IOty tdsy Féﬁ‘@crld?orpdl‘yh@rlic}hﬁnon ,
durlng period of use due .to_a_de e_sur of cat hode
s m i o8 BSakEE 5 18ReFERA Lo mifwmee%é%ﬁe WamanPfed with
| mproveds shabjLid Vip dé&ﬂ'@ui‘ veaﬂasgrwfgdnsiéegr %ghifagg&%'f"g a solid
electrolytlc capaci t utrve feed. Tape nay a
' conductJ.ve polymer is formed ona dielectric oxide f:le 1ayer o
~on the anode member by performlng electrolytlc polymerlzatlon
using a feed electrode asian'anode and using as a cathode*a
carbon. member placed in the polymerizationﬁsolution. The
o surface of the cathode used in thJ.s method is not easn.ly molten
even if an acrdlc polymerlzatlon solutlon of pH 5 or less 1s-'
used, -and the carbon member has a larger surface area 1n'
1comparlson w1th a metalllc member s1nce 1t is porous.
Consequently, the reductlon in the current for polymer:.zatlon.
durlng a 1ong perlod of use due to a deposit on the surface
of the .cathode is mlnlmlzed to enable a uniform solld
electrolyte layer to be formed w1th lmproved stablllty
In the above- descrlbed method of manufacturlng a solld
- electrolytlc capac:Ltor, a conductlve feed tape may be adhered
" to the anode member and electrolytlc_polymerlzatlon_may be
performaibyusingthefeedtapeasananode. Themethod using
this means has the effect of achieving both'an'improvement
in productivity and_stabilization-of'quality. |
According to another aspect of the present invention,

there is prov1ded an apparatus for manufacturlng a solid

electrolytlc capacitor, the apparatus havrng a



.to the anode nenmber and el ectrol ytic polynerization. tay be perforned by
using the feed tape as an anode. The nethod using this neans has the

ef fect of achieving both-an inprovenment in productivity and. stabilization
of quality. ‘According to another aspect of the present invention, .there is
provi-ded an apparatus for manufacturifg a solid ‘electrolytic capacitor,

t he apparatus having a 5 polynerization bath filled wi th polynerization
solution, a .cathode nmade of carbon and having at |east its portion

sol ution, a cathode made of carbon and | st its portion
foea o R ISR I8 HEAPHEOE i JolifeERATREn Bt B e

nmenber i pERHYRAE in{h&é‘eo'f-pé’éi‘ﬂshi'éﬁai HQV&%‘gllta{Qri'eérﬂ Si’é‘@PﬁBf‘E'i%gcom F i‘bUt es .
to the above-described effects of the invention. In the above-descri bed

manuf act tifined saideh anespodyheed zatape 86heteent Dn thkepsarpserieakebnmay be.
used as the feed electrode used as an anode. This arrangenent. al so

..contribaths bad ke fHmdcelestrofiedustleats atiodd Nchidwghtwhtilch &n the
above-descri bed nmanufacturing apparatus, the cathode may be fornmed so as
to be redureeéntnis ded theamnaurde mémbedudmmersied vindtthéei ng i ncreased
along a direction toward _the anode nenber:. Al so, the cathode.nmay have a
sl ant ed PRU¥YmgEd zak lions sedutded f afhi§ appazadys rendaibutes siocabbed:

The. sur FAPRURaERRG TEt RRE Gt thet LEHENTAtance. bet veen (e Slanted
- sur_f'ace 'and tﬂ? t%réog or\rreenpfxeréézrsibed mamifacturing a'ppa_lratus, a feed '
:tapé édheredlto.thé”anbdé member may.bejused as'the-feéd

électrode used'és &n anode. This arréngeﬁénﬁ_alsé '
: ,éont_ributes to the above-déscribéd effe.cts of__.the irlxv.entibn. :
) vIn_the'above-described_ménufacturing apparatus,_thé
' cath_o_de'may be formed s'olas to bé .'r'educed in width, the amount
' '6f réduction in width being inérea_sed aloﬁg adirection tof&vafd =
'_the anbdé member. _Also,.the-caﬁhdde_may'havé é S1an£éd _ |
 su;face in its surface fécing the anbde membéf} the élanted 
surface ékfénding along sﬁCh a'direction.to one of.the
opposite ends 6f the surface facing the anode member ﬁh_at the
distance between the slahted'sufface and the anodewmémber is
~increased. This arrahg‘émesn_t ensurés that a gas genérated.at
_'the'cathbde can be'quickly reieésed'to én upper éectiqn of-
the polymerization bath, fhereby preventingsfhe gas'from N
' .being atﬁache’d to the énode'member and making i_t»possib_ie to
. form a uniform conductive high polymer filmhwith stability.
:_In this arrangement, the'éathode maylhave at least'two
surfaces formed as the slanted Surfac_e to further improve the
éffeét of quickly reieasing thé gas Qenerated at the cathode

to the upper section of the pdlymerization bath while



| hcreased. This arrangenent ensures that a gas generated at the cathode
can be quickly released to an upper section of the polynerization bath,

t hereby preventing the gas from being attached to the anode. nenber and
making it. possible to forma uni forn%conductlve high polymer film wth
stability. In this arrangenent, the cathode may. have at least two

surfaces forned as the slanted surface to further inprove the effect of
qui ckly rel easing the gas generated at the cathode to the upper section of

the pol yﬁﬁiﬁﬁéiﬂﬂn@ahhcw@ltla&nGdl@tJaﬂidﬂ Hatreert et @i tathetienaadbehaeen the_ |

cathode and the anode nenber.. In the above-described nanufacturing

appar at ussndde membéede nmay be di vided to be pl aced closer to two sides of
an upper section. of the.polymerization bath in the.above- descri bed '

i nvention. | nIphitherakowmendescribheddmandhctom ingeapprasatyspedhievel y
positioned in correspondence wth .the polynerized filmgrowh directions
from the qaéétpdemaymedwldedat@emeeplapqdn@l&m tenper sifes b -
inproving - the efficiency W|th whi ch t he anode nenb i, cated with the _
pol yner | 264 URPSX oFBCtAER:LL the. M?JFW?EJ-‘BP Pﬁ@hsdm Fhe3RYST yti ¢

P ocen s SERYERERG | hER T B S R BhES pa e o T rom
55T TR A P e S g AASehgeRtuiR 1 ached
eI ectrol 3(:th'eC polymerized film growth directions from the feed tape :
adher_ed to. a.center of the anode member, thereby 1mprov1ng
" the efficiency w:.th wh'ich.t_h'e a‘node member_.is coated with the
' po'ljm'eriZed £ilm and,.hence, the'oroductivity of the soi.l_.idl"
: .electrolytlc capac1tor.- - | |
In. the above-descrlbed manufacturlng apparatus; the
dlstance between the anode member and the cathode may be set
"_w1th1n the range from 2 to 12 mm to ensure that the gas |
generated at the cathode is not attached to the anode member,
~and to thereby achieve a reductlon in the electrolytlc
_' .polymerlzatlon tJ.me, i.e., an lmprovement in product1v1ty.
In the above-descrlbed manufacturlng apparatus of the
_ :_-present J.nventlon, the w1dth of the cathode may be made larger '
-than that of the feed tape in the above-descrlbed 1nventlon,
to ensure that the 1nterelectrode dlstance can be unlformly
| 'set through a w1de area on the anode member, and to thereby |
achieve a reductlon in the electrolytlc polymer:.zatlon time, -
i.e., an J.mprovement in product1v1ty . - X
~ In the above-descrlbed manufacturlng apparatus, the

specific resistance of the carbon member provided as the

cathode may be set to 1000 pQcm or less in the above-described .



.bolynerization time, i.e., an inprovenent in productivity. In the
above-described manufacturing apparatus of the present. invention, the
wi dt h of the cathode may be made. larger ‘'than that of the-feed tape in

t he above-descri-bed i nvention, to ensure that the. interelectrode distance L

can be uniformy set through a wide area on the anode. menber, and to
thereby achieve a reduction in the electrolytic polynerization tineg,
i.e., an inprovement in productivity. In the above-descri bed nmanufacturing

appar at utnvehli¢onspeoci fédutesiiné ade afe HrepcacbossmEnd uyavt gathas the
cat hode may be set to 1000 E4dgcmor less in the above-described. 7

i nvent i obn tberedthedehd nom taage tdranje afeed spd it candehd pahbtantlyhe
cathode froma cathode feed point and to constantly rmaintain'the potentlal
di f f er ené@inbaimebhenpotentiedpdidfereanne bataan thefeled dapecandg the
effect.of achieving production with_ inproved stablllty I.n the

above- dekk®i BRBDAGRur Aharehyy apbiewing, the effest rﬁ-ﬁrb%?h%%iégnat ed wit h o

a phenolic solution may be used ,as the.c¢athode to inprove the. mechani cal
stremﬁrptﬁg?ﬁE °BaWHGéb%ﬂﬁf??%@e%?agﬁABFX ‘t he polynerlzed filmto.be

formed . with 0 'sta it rief scription_ of the Dr awi ngs FIG..l
I sa cross- seé#fqﬂh %#%&Fs 8@Fﬁék§4§ 3&3?%“9 BBPﬁrF uénbdﬁlnent | of .
t he pre C | 4fsr '
LI A pod iy %%ﬁlg&%gn%qﬁ%a@ﬁ 4 paedbafy cogolﬁt.eLWn%ﬂtr iR useda
as the cathode to improve the mechanlcal strength of the
‘cathode and thereby enable the polymerlzed film to be formed

Wlth improved stablllty

Brief Description'of the Drawings - |

FIG. 1is a lcross-selctionai view show.ing a -pol'yxnerizatiOn

bath in Embodiment 1 of the present invention;i-'-'

FIG. 2. is a sectlonal front v1ew of the polymerlzatlon
‘bath shown in FIG. 1; | |

__FIG. 3A is a plan view of-an anode member-'
- FIG. 3B is a cross-sectlonal view of the anode member"
shown in FIG 3A, f . | "

FIG '3C is a cross:sectionai-view of the anode member -
fon which a. polymerlzed f11m lS formed-- |
| FIG. 4 is a characterlstlcs dlagram show1ng changes w1.th :

passage of tlme, of requlred current for polymerlzatlon
-_reactlon in Embodlment 1;

FIG. 5is a cross-sectlonal view of a polymerlzatlon bath

in Embodlment 2 of the present 1nventlon, and

FIG. 6 is a plan view of an anode member in Embodlment '



FIG 3A is a plan view of an anode nmenber; FIG 3B is a cross-sectional

vi ew of the anode nenber shown in FIG 3A FIG 3Cis a cross-sectional

vi ew of the anode nmenber on which a.polynerized filmis fornmed; FIG 4 is
a characteristics di agram show ng changes with passage of time, of
required current for pol yrrerlzatlon “reaction in ‘Enbodinent 1; FIG 5 is a
cross-sectional view of a polyneri zatlon bath in Enbodinent 2 of the
present-invention; and FIG 6 is a plan view of an anode menber in

Enbodi ment 2. 8 Description of Preferred Enbodi nents Enbodi nents of the
present invention will. be described with reference to the acconpanying

dr awi ngs Déﬂc@lp'k:i&n o BeptbeBRred FmboEMerta pol ynerization bath which
is an essential portion of an apparatus for manufacturing an anode nmenber

for use in a gabbdifkesdly ofythe prepentt dhvenitGor? widl la kee desenaibdd ont
view of the - polynerization bath. In these figures are illustrated

cat-hodesmﬁ.tmdeﬁn‘rezmé)otlo tkedacelompemydesy Frawmings. anode nenber 3 nade
of a valve netal' and having a.layer of-a dielectric oxide fil mforrred on
its surface. E&6h tdishedeectippag gide viewsf @ Pééﬁm@%@n ace of

t he anode nenber 3. A cathode feed point is indicated b% . the
pol yner | ¥Rdicdh ishAMh g5 epelabr BPEtignc R @D 2RRABATYS &Py neri zati on

sol ution
manufacturlng an anode member for use in a SOlld electrolytlc

capac1tor. FIG. 2. .‘LS a sectlonal front view of the .
polymerlzatlon bath. In these flgures are J.llustrated
cathodes 1 made of carbon, feed electrodes 2, and an anode
'.member 3 made of a valve ‘metal and ha_v:.ng a layer of a
dielect_ric oxide film -formed on' its-_ surface. Each ca'thode_-' '
1 is-placed so as to face the upper snrfaoe of the anode_ member
3. A cathode -feed point .is.-indic_ated by 7; the polymerization
_bath in the form of a channel, by 8; a pO1ymerization solution
with which the polymerization bath 8 is filled, by 9; and ends
'_of the cathode, by 10. h | ' | .
"FIG. 3A is a plan view of the anode memberlof the solld
. electrolytlc capac:.tor, FIG. 3B is a cross-—sectlonal view of
the member shown in FIG. 3A, and FIG. 3C shows a semi- flnlshed '
| product. In thJ.s flgures are 111ustrated a dlelectrlc ox:.de
'layer 3a formed on the ‘anode member 3, 1nsu1at1ng tapes 4,
' and an anode lead portlon 5 of .-the.anode member 3, and cathode _'
_1ead portlons 6 of the anode member 3. | |
(Embodiment 1) |
o Embodlment_'l of the present invention relating to 'the
attached claims 1 and 3 .in particular will be described. l‘I'w_o

surfaces of an anode member 3 formed of an aluminum foil having



with which the polynerization bath 8 is. filled, by 9; and ends of the
cathode, by.10 . FIG 3Ais a plan view of the anode nenber of the. solid
el ectrolytic capacitor, FIG 3B.is a cross-sectional view of the nenber
shown in FIG 3A, and FIG 3C shows a sem -finished product. In this
figures are illustrated.a dielectri.c 8xi de | ayer 3a fornmed on.the anode
menber 3, insulating tapes 4, and an anode | ead portion 5 of the anode
menber 3, and cathode ‘|lead portions 6 of. the anode nenmber 3. (Enmbodi nent

1) . Enbodi . 1 of the ent .inventjon relatin th ttached clains 1
a)nd 3 i nl""ggﬁﬁci‘dﬁefré VQV)I “1 Pf@g pgrst'{:eﬁyeDeedf:eqi:\,-\i)ocg%x:nf.ggggy_ Sgugﬁleé’r?éa@nrq;nber 3
f d ' | nen F o | ahaxhB8iS 'qgﬁﬁ§ ofad e, -
e?regfr ogﬁg%ﬂcgdld{/alr oughae%e?jﬂaﬁgaa% ér?%atr‘l{y(}l zed Z?Paiéggo%%’g}fﬁg{“v& t age of

35 V to- HeeMertrdice| ®eidé Cf PxmdBafbkrMlaayy tie Wkidengxt sapakosur f ace.
Next, as shown in FIGS. 3A and 3B, insulating tapes 4 were adhered to the

two surfaces méxtheasnstewrednerI&an 30HMdi IR, sinleslabirgabhpegnsanode

| ead portion 5 and cathode |ead portions 6 to be forned separately from
each ot heereThdhegiezt tof tle Two hsdefhcad pdr tthenamdesnembero33on 4 nm
Thereafter, ‘another dielectric oxide filmlayer was formed on the external-
surface ePPPRdtandddepehbeenabby am angdriilaaty perddess 5t andovathddéect i ve
portions in_the sectional surfaces of the alumnumfoil and in the

di el ect r1€2d BATRIPRG A tonbeikayed separately from each other. The
 size of the cathode-lead portions 6 was set to 3 x 4 mm.
Thereafter, another die'lectx_;ic oxide film.layer was
' fd;:med _oh the extern'al surface of the anode member 3 by an
' anodizing.process.to cever defective portione in the
sectional surfaces of the eluminﬁm foil and in the dielectfie
oxide layer initiaily foxmed; | o
Subseque_n_tly,. an aqtieous solufion 'of‘ménga.nlese nit.ref_e
.w-as applied to the Cat_:hode-_le'ad pertions 6,.and the"me_mber
with the appiied solution was heat_ed at 300°C for 5 minutes
in a. high-t_emperature furnace to decompose manganese ﬂitrate.-
A manganese aioxide 1aye£ 13 was thereby for:ﬁéd__aé a condectot
layer on the cathode lead portions 6. | |
Next, electrelytic poljm'lerization'wes _performed en the
anode member 3 prepared as described above while the portioh .
- of the anode member 3 immersed .in a polymerizat.:.'ion solution ,.
9 (an equeoﬁs solution prepared by addihg 0.1 mol/liter ef
piepyl p_hesphate as_ a PH adjustor to an aqueous solution of
_0;2 mol/liter of pyrrole aﬁd 0.1 mol/liter of | o
alkylnaphthaleneeulfonate') in the polymeriz.ation bath 8
shown in FIGS. 1 and. 2 wes being 'chenged. _'i‘his e_lectrolytic

polymerization was performed by using the polymeriiation



Subsequent |y, an aqueous sol ution of nanganese nitrate was applied to the .
cat hode | ead portions 6, and the nenber wth the applied solution was C
heated at. 300C for 5 minutes in a high-tenperature furnace to deconpose
manganese nitrate. A nmanganese dioxig I ayer 13 was thereby forned as a
conductor |ayer on the cathode |ead rtions.6. Next, electrolytic

pol yneri zati on was perforned on the anode nenber 3 prepared as descri bed
above while the portion of the. anode nenber 3 imersed in a _
pol yner i zatddtr6@é4l] iioe. 9 tHeAed@UEDEEL SBHUE! 2] 4 ARG RAcAY it e 0. 1
not/liter of propyl phosphate as a PH adjustor to an aqueous sol ution of
0.2 ol / lelteert dd@yin @entact Grithothée i dmsdeimahkeglnaphidiphgngs utdwate) in
t he polynerization bath 8 shown in FIGS. 1 and 2 was bei ng changed. This
el ectr ol ynidepegrul emte rd a0 des wa st lpe rffcarmesh thonisiempé e heot yme@rilvair on 10
el ectrodes, i.e., the feed electrodes 2, as a common positive electrode in
cont act BPERianfe undsie thersar face $ih§hes sbdwt idmdawdmd=iin g Hddes 1 t he
four carhon nmenbers having their portions under the surface of the

sol uti on1PkELRLEGHIRAS bistanee & &%t Bole, (RBE ARRLYLAY 3 Vedtagel ofppl yi ng

a voltag f,. 3.V betwe the feed e] ectrodes 2 and the cathode feed points
7. Tabl egl‘s’%%e‘?%gl}%%%fp Gl et nfngithe GHehedR figaipoistst he
above-descri Bl | e} ] 3§ ct. to each_ of different.

pol yner i ?ét igﬁg%gﬂu%%#%ghya ?Jge\{%igfa%ﬁ%%fuﬁﬂ% Cfat itifpe reqyised 0 5.0
5.5 6.2 goB Ehélabove;described'polymerization-with respect to each

of'different_polymerization_solution-pH_values.

_ Table 1 : :
Polymerization { 2.1 [ 3.2 |4.0|5.0[5.5[6.2 6.8 ] 7.5
Solution pH . ' s
Polymerization | 18 21 21 22 30 41 50 63
Time' (min.) | - :

As is apparent from'Tablellj'the tiﬁe reQuiredlté coat
the anode mémber with the”polymer is markedly reduced when
the pH is not larger thaﬂ 5,fbecauéé the poiymerization
cur;ént contributing to the polymerizatiohireactidn can be-
increased. | _ | | : | |
| In the electroiytic.polymei‘iza_tion’ procéss 'per_fofmed as
describéd above,.polymérizatioh is initiated at the feed
éleCtrodes 2, and the polymeri23£ion;area expands along the
.céthodeeléad portions 6;in:FIG. 3Agunti1 the entire surfaces
of the'ééthcde 1éadiportions 6 are éoated with polymerized
film'14'of'the conductive high.poiymer. That is, during a

time period of abqut 20 m_inute.s: 'ffdm the time when one section
of the énode-member'3 enters the polymerization bath 8 shown.

in FIG. 2 to the time when the'section moves. out- of the



Sol ution pH Pol ynerization 18 21 21 22 30 41 50 63 Tine  (min.) As i's
apparent from Table 1, the tine required .to coat the anode nenber with the
pol ymer is markedly reduced when the pHis not | arger than 5,' because the
pol ymeri zation current contributing if t he pol ynerization reaction can be
increased. In the electrolytic polyneflzation process perfornmed as

descri bed above, polynerization is initiated at the feed electrodes 2, and
the pol ynerization. area expands along the cathode |ead portions 6 in
FIG. 3Apoqwérﬂmﬂmlﬁw§wf gSQ?me‘rfléeH? £33 99 % £ 8tk RYrid LS are
coated wth pol yneri zed t he conductive high. polyner That is,
during ahlghrrpom fnle@d i gf faméti 3R théwesité Watgcés Er Wil ciithoet i on

of the anode- er -3 enters the polynerization bath 8 showmn in FIG. 2 to.
t he tlnelahdnpbharnn5|©n noves. out of the 11 polynerization bath 8, o
pol ynerized film 14 of the conductive high polyner is forned on the entire
surfaces of tREGeadfodbovisedhe@nidmsmémbErG3 80 stidueh titee aabdeerenber 3

‘on whi ch the above- described polynerized film14 is formed. A carbon Iayer :

16 is f@?ﬁéaléﬁdt pelymeriaed i im |14 16 dormes -an@d@atrémnarlaaier afd a

“silver % Is. further forped on.the carbon | ayer It is:then cut into

uni t plet ﬁ@ﬁ@s??éﬁhﬁuﬁﬁéYmSFlﬁﬁ@:flﬂﬂbéés°@hﬁ§efépﬁéé Beabsradked and.
packed '£'n§ ac% ln rqlayer is further formed on the carbon layer 16.

It is then cut 1nto unlt pleces. A desxred number of unlt
pieces: thus formed are stacked and packed in a casing to .
.complete a solld electrolytlc capac1tor.__
The above-descrlbed polymerlzatlon reactlon was
sustalned for one week and the state of the current flow1ng
“through the path between the feed electrodes 2 and the carbon '
cathodes 1 was measured. FIG..4 shows the result of thlS
'measurement in comparlson w1th the conventlonal art. _As
shown in FIG. 4, the polymer:l.zatlon c_urrent ‘in 'Embodlme.nt 1
'was maintained in a stable state'during one week, While the
polymerlzatlon current .1n the conventional apparatus started S
decreas1ng about 50 hours after the start of the process and' ,
was not stable.s | | |
In Embodiment 1 of the present J.nventlon, .as described _'
above, carbon 1s used as ‘the materlal of the cathode 1. The .
~ amount of reductlon w1th passage of time in surface'area of
'_.the cathode caused by melting_of the cathode surface or
deposition of a p'olymerization SOlution c0mponent is thereby :
reduced in comparlson with the case of use of a metalllc
materlal_such as stalnless steel. Thus, the method of the

present invention enables production of a solid electrolytic



conplete a solid electrolytic capacitor.. The above-descri bed

pol yneri zation reaction was sustained for one week and the 'state of the
current flowng through the path between the feed el ectrodes 2 and the
carbon. cathodes 1 was neasured. FIG_, 4 shows the result of this
measurenent in conparison with the cofventional art. As shown in FIG 4,
the polynerization current in Enbodinment 1 was maintained in a stable
state during one week, while the polynerization current in the:

convent i %@Jgﬁw itsh %gﬁ&ﬂled s%&i?ﬁﬁ%o Mcﬁﬁ?h@hlésd@étéé éhe start

of the proCess and was not stable. In E I rent 1 of the present :

i nvent i oge REtdAHeNEGucheAkea £aahoR ion linesupsehbewhehed imdnsfante
cathode 1. The anount of reduction with passage of tinme in surface area

of . thevoatthede ixausespbyedel ting of the cathode surface or deposition of
a pol.ynerization solution conponent is thereby. reduced in conparison with
the . case. ofmbedioknd rmfthiecpresesti dnvenshoashas hesrdesaridred Thus,
t he nmethod of the present invention. enables production_of a solid -~ .
el ect rol yiiith rEspegiack? okhei ASPniyhewed BHEER 1 tyasyup€dudSnd t he degree

of defectiveness such as a reduction in gurre ant voltage

i's suppl PEYIEFIFAMERIOROBLT 1R apP‘é%XﬂFrilﬁ@@ﬁtr‘lﬁtno%QﬁﬁggﬂégEsggg’@l”ieﬁe'd wi th
TERPeCt, LRl b ottt M ENER 8 MO LR, B, CBRY MR- AT 1,
the descg'hgeq_h%aégme effect can also be achieved by using at l_eas.t_ | '
one polymerizable mdnbiner selected from thiophe_né, aniline
and dérivatives'bf these subsﬁanées. |
Embbdilﬁent 1 has been described with_.re'spect to an
arrangement using an alumin_ﬁm_foil as a vaiv_e metal .l_oy way
of example. | HOWeVér, the present. in.ve_ntion is not 1ifnited :
to-__'the desc_.i'.ibed, arrahgément and the same effect can also be
"achieved by .us ingafoiloras inﬁéfed piece of a metal selected |
- f_x‘om_othef v-al'v'e mei:als, e‘.lgf, 'tantal.um',. niobium, ah:d -
titanium. _ |
. (Embodiment 2) |
Embodiment 2 of the present im:rent'ion'reiéting_ to the
attached claims 2 and 4 in parti'cuiar will be described ;. As
Embodiment 2'., | a process was performed ih which édlym’erizati'on
. reaction was .catised and suétainéd ._in the same mannér as that
in Embodiment 1 éxcept ‘that a feed tape 12 substituted for
“the 'f'e'e'd _electrédes used as a’p_ anodé for electrolytic |
polymerization in'Erﬁbo'diment 1 was adhered to an anode member '
5 and eiectrolytic polymerization was performed by usir.llg-tl.lis
feed tape 12 as an anode. Therefore the portiohs of the

members and the apparatus identical or corresponding to those



and the sane effect can al so be achieved by using at |east one

pol yneri zabl e nonomer selected fromthiophene, aniline and derivatives'of

t hese substances. Enbodi nent 1 has been described with respect to an
arrangenment using an alumnumfoil as,a valve netal by way of exanple.
However, the present invention is not'dinited to the descri bed. -
arrangenent and .the sane effect can also be achieved by using a foil or a
sintered piece of a nmetal selected fromother valve netals, e.g

tant al um, _ni.obi U t] ' ggt;g;i ' t 1
pr esent ﬁﬂ,gﬁ{i’,o@ I.nregrpgtli %\%gtr%&%%a%att c%ﬁ%?é%nfggegﬁgeg ?lﬁn%g?%?gul ar
will be deRenietets 1 SANRAERDt 2ondrBEOCRER WaT1PROEBEREpEa Tl Ch

polynerization reaction was caused and sustained in the same manner as

that indgipdierdrdn€sept ibhatwali asd deper iBedubstht réferénce tohe f eed
el ectrodes uUsed as an. anode for electrolytic polynerization in Enbodi nent -

1 was adRgiedtowifiganode nenber 5 and el ectrol ytic polynerization was
performed by using this feed tape 12 as an anode. Therefore the portions
of the nenbergGns itsha cppss asestideadli chewmf agpelypeniragios ke 13
in Enbodiment 1 are indicated by the same_reference nunerals, and.the
det ai | ed wheiszh i s | am essenfdmlnbar tian pef rapeaPraratyf ofi fferent
portions will be described wth ref-eregce.,t o the i%o%‘wir}?%'mb@d%me‘r)ntl. s a

Cross- se@ﬁmki%ﬁCW%W‘ﬁfaas%i‘}n%}?‘z'EFP ¥tag fapac

2 of the present invention. FIG. 6 is a pllan view of the ahod_e‘_ o
member of the solid 'eléctrolytic cap’acifor. Réferring to F1G. |
6, fhe feed tape 12 madé of staiﬁless steel is adhe_red to the
portion of the anode mémber 3 so as to cover the entire _iéngth
of the a_node lead portion 5. A current is -supplied to the
feed tape from feed rollers 15 pléced_ above two ends of the
polymerizat-ion bath 8. - Cathodes. 1 are poéitioned so as to
face the up;._)er'..su-rfac'e of the feed tape 12. To 'ehable
discrimination between thé anode member 3 and the feed tape
3 as seen in fI'G. 5, the anode.mem_ber 3 and the feed tape 3
are il..l'ustré't'ec.l -in a state of beihg spaced apart from each
~other. _ |
' In Embodiment 2 of thé present invention using the:
above-described 'arr_angementl, _electrolyt-ic polymerization is
'perfoxmed by using as an anode the _'fee_d t'épe 12 a_dheréd to
the anode member 3 in advance, and there isl no physical contact
between the feed electrode and the anode membér 3 such as that
in Embodimenﬁ 1. Therefore current feed can be ﬁerformed
'with stability without causing any stress in the anode member

3. Also, there is no need to clean or replade the feed



which is an essential portion of an apparatus for manufacturing a solid

el ectrolytic capacitor in Enbodinent 2 of the present invention. FIG 6 is
a- pl an view of the anode. nenber of the solid electrolytic capacitor.
Referring to FIG 6, the feed tape 12 made of stainless steel is adhered’
to the portion of the anode nenber 340 as to cover the entire | ength of
t he anode | ead portion 5. A current is supplied to the feed tape fromfeed
rollers. 15 placed above two ends of the polynerization bath 8. Cathodes 1

are posi td1nadrSQe adukenqgf 36 g NAPEFisdr bacasef, e tHpedchape 12. To
enabl e discrimnation bétweén the anode nenber 3 and the feed tape 3 as

seen in PrGadetivetgnade prekRictionnetibeliegdchapde’ inrovedustrated in
a state of being spaced apart fromeach other. In Enbodinment 2 of the -
-present. i(Bw@sddimentsi By the. above-described arrangenent, electrolytic
pol ynerization is perforned by using as an anode the feed tape 12 adhered
to the anodeEmboiddment r3 auf arive, predenteisvestiomnsiatbing om ddte
between the feed electrode and the anode menber 3. such as that in
Enbodi neat tachgikedfdms Burkeht Fnd§ tapagd isarkar wid 1 hedesamihedty
W thout causing any stress .in the apnode nenber 3. Al,so, theré is no need
to cleanThe FBgP&c@ftq’uétPBQ&slh uggd ekl SALAIMERE 3njhs| SHghpERRBFNG use,
so that th oductjvity.and, producti on :stability, can_be i.nprqued. :
(Enbodi nERERSHe it il iB85E n a8 nedthed hR etV BR - Pavs: itg dovete
: portion reduced in width with, the amount of reduction in.
width being iﬁcreased along the direction toWard_the_anode-
menber 3. Referring'fo FIG. .5, the cathode.l_is-formed'so
as to have at least two slanted surfaces 11 in its surface
facing the anode member 3, the_slanted_surfaces 11 extending
'along such directions'to the_opposite ends of the surféce
‘facing the anode member 3 that the distance between each )
slanted surface and the anode member is increased; .
 .Pdiymerization'reaction'waS'caused ahd_sustained under the
same cdnditiohs as those in'Embodiment-Z except for the
conditibn’With respect to the_shapé of the céthode_l;' The
shape of the cathode 1 is not limited to that shown in FIG.
5. The lower end of the_cathqdé 1 may'-be formed into a'ny other .
shapé, e.g., the shépe of an equilateral triangle or a
right-angled triangle, or the'cathode 1 may have any other
shape provided that the amount of reduction in width is
_ihcfeased along the direction toward the anode mémber 3.
In Embodiment 3, the ménufacturing,apparatus is thus
arrangéd to enable hydrogen gaé generated at.the cathode 1
during polymefiiation reaction to quickly move upwardly

without staying at the cathode 1, thus enabling prevention



attached clains 5, 6, 7, and 8 in particular will be described.. The shape
of cathodes 1 used in Enbodinent 3 is such that the cathode in Enbodi nent
2-is formed so as to have its lower "portion reduced in width with, the
anount of reduction in wdth being increased along the direction toward

t he anode nenber 3. Referring to F4(§55,jthe cathode. 1 is fornmed so as
to have at |east two slanted surfaces 11 in its surface facing the anode
menber 3, the slanted. surfaces 11 extending along such directions to the

Oppos'tetﬁﬁ@ﬁpﬂénéﬁ@néﬁﬁﬁ?wﬁ1c%%E&QQ%e anodgﬂﬁ%ﬁggﬂgri%atﬂiﬁlcggrghttance'

- bet ween each sl.anted surface an IS increase
Pol ymer i 2644 @Dt & eB€dm QD reRfreised ntte 39T nedgk bE% 1S<§{i?}11 g
W espect

conditi-ons as those in Enbodi ment 2 except for the con |t|on
to the shapmlodtaneisaipodenly pHiciodshwpeusé.the cathode. 1 is not limted

to that shown.in FIG 5. The lower end of the.cathode 1 may be forned into-

any other . shajpe tdmp redieisédpeo cfompl etiei pol gialr iizatagl eredcBion
right-angled triangle, or the cathode 1 may have any other shape provided
t hat theJéh@uﬁﬁséfWh@ﬁ@cth@ndlﬁtancehﬁlbetweeneahedcathogetmeaddrtnélon
toward the anode nmenber 3. In Enbodinent 3, the manufacturing. apparatus is
thus ar raé‘r?(j’ﬁj Rekambt et Ay Whé§EN thes fpadrtape 32 wAs edhiesdsl wasiuring
pol yrmeri zat.i Qn .reactio Kl ve upwardly without staying at the
cat hode P2 ltn%t?smﬁéﬁk é:ﬂ““p?%‘gé’%ﬁ ICTES cafhad ﬁHeWBﬁEH’RﬁIUF%P% dHight N
reductlog JTEY t cypre sul.t m a.redqugtion | the area .
of the CaPﬁ@gPQ?¥' éé&itgﬁe T5 de LR tlm F qulr g % com te
.'polymerlzatlon reaction 1n_another_case.wherejthe same -
| distance was maintained but the cathode 1'washdivided into
two portlons separately placed along two sides of an upperp
sectlon of the polymerlzatlon bath 8, as set forth in clalm
8 were compared. Table 2 shows the result of thls comparlson.
:In thls embodlment, cathodes having such shapes that the
acathode 1 shown in FIG. 5 is cut along a vertlcal direction

at 1ts center were used by belng placed in a state: of being

- Spaced apart from each other.

Table 2 . | y o |
Cathode Positions Center Opposite Sides
Polymerization _ 30 _ .23

Time (min.)

~ As is apparent_from Table 2[ there is a substantial
.dlfference between the anode member 3 coatlng times depending
on the positions of the anodes 1 whlle the interelectrode
distance is constantly maintained. This is because the
growth of the polym_er:.zed fJ.lm spreads in directions from the

feed tape 12 to the anode member 3, and because the efficiency



a substantially |ong period of use. The tine required to cbnplete _

pol ynmeri zation reaction in a case where the distance H between the cathode
1 and the anode nmenber 3 to which the feed tape 12 was adhered was

mai ntai ned at. 8 mm and where the caH%pde 1 was positioned right above the
feed tape 12, and the time. required To conplete polynerization reaction

I n anot her. case .where the sane distance was mai ntai ned but the cathode
was divided into two portions separately placed along two sides of an

upper  sggt ggggafgﬂsih%m%rﬁ 2Rl Ofs bat e GheTSEhodosth 4 PJridRd 8 were

conpared. T ows the result of this conmparison. In thi’s embodi nent,
cat hodes j hhavirte syt sheeeqit hat hehpolyeriiosied 1 shawgrowthFl G 5 is cut
along a vertical direction at its centér-were used by being placed in a
state of dheeadionsnaced apart -from each other. Table 2 Cat hode Positions
Center opposite Sides Polynerization 30 23 Tine (mn.) As is apparent _
f rom Tabf BEmBpdtimend i4) a substantial difference between the anode nenber 3
coating tinmes depending on the.positions of the anodes 1 while the

i nt er el ect r odembadimgnte 4i ofcshet pnasentni invenedonThed atdngedaudde he
‘growth of the_polynerized filmspreads in directions fromthe feed tape 12
to the afblacherpEdadim shalpRatséchhareiiildi breydascribedol yEBri zation is

I ner eas_egmLfodtiLll%n%a“]ogﬁg d]is raen tle%ceei:qﬁreen the ahode member 3 aﬁd the

. 1léwer portion of the cathode 1 in Embodiment 2 is changed.

| Polyme'fization reaction was caused arid sus.tained.in.thle salﬁe
manner as that in Embodiment 2'except fqr'this'condition,

Pollymerization .réactlibn _ procé_ssir_xg waé_ performe'd_. with

'..'resp.eclt to diffé.rentl_ distances H: 1, 2, 3, 4, _l6, 8, 12, 14,

_and 16 ma. ‘To form ;'._cathode lead layer, _a.cqlloidal carbon
s"uspehsion was applied to each ._of.lano_de' memb_ers'l 3 on whiCh' i
polymerizatién prbééssing waé pérfofmed under the différeﬁt-
coridifions. | This suspeﬁsibn was dried to form a carbon layér.

) Fﬁrther, a silver 'pas't'e was applied to the surface of the
carbon_.layer ahd__.dri_ed't_o'fori_n .a-.silver layer as a cathode
‘layer, to which a cat'hodel lead was connected to 'complete a

' sélid_ 'electr.olytic .capacitdr. The éQuivalént' series
resistance at 100 kiz of solid _el'ectroiytic capacitors thus
obtained was meaéu_red. Table 3 shows the times requifed to

coat the anode members 3 and the equivalent series resistances

of the-capacitors.'

Table 3

Inter-electrode (1 |2 (3 (4 |6 (8 |12114|16
| Distance (mm) ' '
Polymerization 25125(26(28[29(30]|30(40](45




i h correspondence with the polynerized filmgromh directions. (Enbodi nent
4) Enbodi.nent 4 of the present invention relating to the attached clainB
in particular will be described. In Enbodinent 4, the distance between the
anode nmenber 3 and the |lower portion of the cathode 1 in Enbodinment 2 is
changed. Polynerization reaction was!'€aused and sustained in the same '
manner- as that in Enbodi nent 2 except for this condition. Polynerization
reacti on processing was performed. with respect to different. distances H
1, 2',. [Frifle PmiB.)12, 14] dnd [6 1 o florm a dathpde || ead | ayer,. a
col | oi da'E; r IR@)rsuspenm DR5 WS BPRI[132d| Bo [Sach291| 2npde [menbers 3 on
whi ch o eH2at+or—proecessthrg—was—pertrorred—under—the—di f f er ent
conditions. This suspension was dried to forma carbon layer. Further, a
silver paste was applied to the surface of the carbon-|ayer and dried to,
form a silver Asajerappazeostfioere Tabdaed, adandencyn oddathedees bakaRER
connected to conplete-a solid. electrolytic capacitor. The equival ent
series. rakitieafeadactioe Righpolyrey &P dOGES4RS &'%EEF'L’E)‘?@“?WC&“

he

bt ai ned | ured. Table 3 sh the times. required.to. t

anode merifbrS CHRF MRS AUSLYERE Cafi SROEdIeRhRECY SBY the T lors.
T 3o dAiag POLEoYRchah Tk 1Ot o BSOS b BT EnEOBUIREIARIY 25 25
‘solution is alkaline in the vicinity of the cathode 1. An |

'inbrease in equivalent series reSistance'éf the solid
electrolytic capacitor results from such a conditiori. Ifthe
distance H betwéen_ the a.node. member 3_and_the carbon cath.odé
B 1 1s unnecessafi_ly increase’d,. it.t'e"n_c.is' to be difficult for
polYmerization reaction to take place. The optlimu_m diStancé ’
‘determined by considering t_he pi‘oduCtivii:y, 1s 12 mm or j.ess .
As described above, in Embddiﬁent 4,l-.it' is po‘ssiblé to
_ac.hieve 5oth an imprové_ment in productivity-_an'd stabilizatio_ni
| in terms of economy by setting the distancé H between thé énod'e |
- member 3 and the calthode 1 in the range from 2 to.‘12 mm. When
- the distance H is in this rénge,' the time reqﬁi’red to cb_mple_te o
._.polymer_ization reaction can be effectively reduced while the
.desired'characteristics of the anode member 3 (capacitor.l
element) are mainﬁained; | | |
_(Embodiment 5)' | |
~ Embodiment 5 of the present invention relating to-thé. '
‘attached claim 10 in particﬁlar will be described. |
Embodiment 5 includes an experiment in which the width-of the
cathode 1 in Embodiment 2 was reduced to a value equal to or
smaller than that of the feed tape 12. Except for this,

polymerization reaction was caused and sustained in the same



Time (mn.) ESR (nQ 45 35 33 32 30 30 29 28 28 As is apparent from Table
3, a tendency of the resistance of the conductive high polyner to increase
wikth the reduction in the distance H between the anode nenber 3 and the
carbon cathode 1 is recognized. This %s because the surrounding sol ution
is alkaline in the vicinity of the cathode 1. An increase in equival ent
series resistance of the solid electrolytic capacitor results fromsuch a
condition. If the distance H between the anode nenber 3 and the carbon

cat hode mianheruasethataih!Embodineaed? , ithéesioy mak begtidde wdmbeys

pol ymeri zation reaction to take pl-ace. The opti num di stance, determ ned by .
consi derBng Thklpr ddwttows tyhei sedfiltmodr nMeasuremwentescfi bhd above, in.
Enbodi ment 4,. it is possible to achieve both an inprovenent in -
product i velatdonsdtigbibeétweennthei curgrent gindcohoeyreguiced tg t he

di stance ‘H between the anode nenber 3 and the cathode 1 in the range "from
2 to 12 femplede RHImeEizatdon reack ian sin dyks emhedipgBtrequired to
conpl ete’ polynerlzatlon reaction can be effectively reduced while the

-desi red characterlstlcs of the anode nenmber 3 (capacitor elenent) are
nalnta|n$ 1; nbodi ment 5) ..Enbodi nent 5 of the present invention

rel ating £B Fh at tached claim 10. in particular will be described. .
EnbodiEEnt 5. includes ar] expathoel® irn whCalthblde wi dt h ghthbee cathode 1 in

Enbodi nent 2 was reduced width val Beedquuldto orFeedylWiaith harFeddi  of the
feed tape 12. Except. -fqr Ttdpes,Width Tape Width | Tape Width :

| Polymerization . 2053 .. 1860 - ~ 1508
Current (mA) : : -

Polymerization 29 _ 32 . 48
Time (min.) _

A31sapparentfromTable4 thetlmerequlredtocomplete
_polymerlzatlon reactlon was 1ncreased when the width of the
'cathode 1 was set to a value equal to or smaller than that
of the feed tape 12. This is because reduction in the current
contributing to polymerization reaction results from the't

: red_uc.'tion.in .the area of th'e cathode 1, ancl_be_cauee the cathode -
-1 does not extend along th:e polymerized fJ.lm growth direCtion.'
Consequently, polymerlzatlon reactlon can be caused and
sustained with .meroved eff1c1ency and stabllJ.ty if the w:Ldth
of the cathode 1 is larger than that of the feed tape 12.l
'(Embodlment 6) |
Embodlment 6 of the present . invention relating to the
: attached clalm 11 in partlcular w1ll be descrlbed. In
Embodiment 6, the specific re51stance of the carbon member
provided ae,the .catho_d_e 1 in Embodiment 2 was _chang'ed' by being

selected from 500, 1000, 1500, and 2000 puQcm. Except for this,



pol yneri zation reaction was caused and sustained in the sane 18 nanner as
t hat in Enbodi nent 2, thereby naking anode nenbers 3. Table 4 shows the
result of measurenent of the relationship between the current and tine
required to conplete polymerization reaction in this embodi nent . Table 4
Cat hode Cathode Cathode Wdth > Feed Midth = Feed Wdth < Feed Tape
Wdth. Tape Wdth Tape Wdth Pol yneri zat.i on 2053 1860 1508 Current (m)

Pol ymeri zation .29 32 48 - Time (mn.) As is apparent from Table 4, the tinme
required ﬁ&lﬁ@@lﬁh@mlﬁ%é%théﬁ%@@ ¢£@6EH Whd@u SIS 8th Whenshhe W dth
of. the -cathode 1 was set to a value equal to or smaller than.that of the
feed t apananedhis thathagaEabotdddiesit @p thekbbyauakény anodermémbeng to

pol ynmeri.zation reaction results fromthe reduction in the area of the
cat hode 1B . amhliee Sishdves tded lvmﬂd:ageoﬂmprhntmennthalmghoﬁe Peegneri zed
filmgrowth direction.. Consequently, polynerization reaction can be caused
and sustpdintd Tiand the casd e@.deh@yaaddtbeaibimetyeqmrné wpdepat of the.
cathode 1 is larger than that of the feed tape 12. (Enbodinent 6) _
Enbodi neach cinedie Pe@benrt i-nvention.relating to the attached claimil i n
particular will be descrlbed In _

Table 5

Carbon Cathode Specific| 500 1000 | 1500 | 2000
Resistance (uQcm) . ' I
Voltage Drop (V) 0.3 0.9 1.8 . 2.5

| As is apparent from Table 5, in the case where the #oltage |
' drop is larger than 1V whlle the voltage between the cathode
feed po:.nt 7 and the feed tape 12 is 3 V,_the t:Lme requlred
~ to coat the anode member 3 J_.s_ J.ncreased and the productivity
is conSiderebly reduced. Tosolve the problem of such a large
' .'volt'age drop a'cro'ssﬂ the pa_th between the. Cathodef‘feed'po'int
7 and each cathode ehd lO.shown' in FIG. 2, a method of
.anreas:mg the number of cathodes 1 by d1v1d1ng the cathode
l into short lels;ons or a method of providing addltlonal
. feed points méy _be'used. 'Ho.__Weve'r, these methods are _
'disadvahtageods in terms of n'lainter.lance_. and cost.
: Therefore the specific resistance of the .carbon member
forming the cathode is set to 1000 uQcm or less .to effectively
limit the voltage drop betWeen the cathode feed point.'7. and
. ‘the cathode end 10 even if a reduced number of .cathodes 1 each
1ncreased in length are reduced, thus maklng the potentlal
dlfference between the feed_tape 12 and the cathode 1 always |

‘constant and enSu-ring production with improved stabi'lity.



Enbodi ment 6, the specific resistance of the carbon nmenber provided as.the
cathode 1 in Enbodi nent 2 was changed by being selected from 500, 1000,
1500, and 2000 Qcm Except for this, 19 polynerization reaction was caused
and sustained in the sane nanner as %&at i n Enmbodi ment 2.. thereby nmaking-
anode nenbers 3. Table 5 shows the vOl'tage drop between the cathode feed
point 7 and the cathode end 10 and the tine required to coat each anode
menber 3. Table 5 Carbon Cat hode Specific 500 1000 1500 2000 Resi stance

(pQm Vol {elso®ifentV)7). 0.3 0.9 1.8 2.5 As is apparent from Table 5, in
the case where the voltage drop is larger than 1 V while the voltage
between the c@Enbatbiméeed7 pefnthé presthe figrdrdtien lPeist 3nY, tbhenhki me .
required to coat the anode nmenber- 3 is increased and the productivity is
consi der et tyacked cedla ifio 120lie gaet jrwbi enwhl 1s beh dedarigsed vol Tmge drop
across the path between. the cathode feed point .7 and each cat hode end 10
shown i n Brl®d Pnent rkt et hein fowovigws ithe cathodebkwasd bakatbabenl thy
dividing the cathode. 1 into short divisions or a nethod of providing

addi t i ondlathedg) bolmiEmbegipentsédwapoRapaiactiverd manddsharearbon

di sadvant ageous jn terns. of mginNtenance g cost. Therefore the specific

resi st an@FHeE HHREFIBALRENYD BHomASRPIHE BALHEAEN dnsdihq 4D tLQrm

o oSS BRI APV Yuab! Bsbd' U8 Hld WA AEQ0 PO ERDPRC LAY TR SO0

- .polymerization.reaction*was caused and sustainéd in the same
manner as that in Embodli'm.e_nt 2, theréby making an anode member
3.- _ : _

| "In this_embodimeht{ a carbon ﬁember impregnated Wifh a
_éhenolic SQIutién'is usea as-the éathodell to imﬁrové'the
me'c_hanical strencj_th of the cathodé‘ 1 to ensure production with
.imprdvgd stability. . B

- "A'cco“rding'to the present in\-r.exl"x.tion, as deééribéd above,
aidielectric oxide film-léyer'which.is_anlbxide 6f a valve
layer.is_formed on the'surface of an anode membef by-
anddi'zatio'n., the anode member wifh the dielectric oxide layér “
is'immersed in_a-polymerization solutibn, and electrolftic.
polymerization is performed by'ﬁsiné a feed elecﬁrode as an
anode and by using as'a cathode a carbon_member:haviﬁg.its

' portion placed.under thefsurfaée of_the polymerization
solution. A layer‘of'a solid eleétfolyte constituted by a

| conduCtive'high“polymer is the:eby.fbrméd on the dielectric
oxide film layer. This manuﬁacturihg'meﬁhod unlike the

' conventipnal:method-using a cathpde:formed a metal such aé
staihléSs steel.pré#ehté a'réduétibn;with péssége.of'time;in

the surfaqe'area of the_cathode caused by melting'bf the



the cathode end 10 even if a reduced nunmber of cathodes 1 each increased
in length are reduced, thus making the potential difference between the
feed tape 12 and the cathode 1 always constant and ensuring producti.on
with inproved stability. 20 (Enbodi it 7) Enbodiment 7 of the present
invention relating to the attached cfaim 12 in particular wll be.
described. In Enbodinent 7, carbon forning the cathode 1 was baked when
the cathode | in Enbodi nent 2 was manufactured, and the carbon . nenher :

i npregna 1 | i {4l i Hft heakhi r tep.was used as -
t he cat hgﬁg%&&é&x@g?%%r’ t%ﬁgé&ﬂp%ﬁgfiga??g%%bgggt %ﬁ%\‘?\n/aés_ caused and

sust ai negd1Iymdiei SAFBon"BHNEE i85, Halthe HIbedidTebLve theepebplerkeny an
anode nenmber 3. In this enbodiment, a carbon nenber inpregnated with a
phenoli c ssdaduid®ios URePodynidie 2t imtlecdrtentnphdie taheomsciwani cal
strength of the cathode 1 to ensure production-wth inproved stability.

Accor di ngalcade s eappl iedyerndtherseliesensbedsapaoductdodi- etigdiri ¢ oxi de

filmlayer which is. an oxide of a .valve layer is formed on the surface
of an andspnesrasbrs bybihdlivzati on, the anode menber with. the dielectric
oxide layer is imersed in a polynerization solution, and electrolytic
pol ynmeri zation. is perforned by using a feed el ectrode as an anode and by
using as a. cathode a carbon nenber having its portion placed under the"
surface of the polynerization - o ' ' ’



solution. A layer of a solid electrolyte constituted by a conductive high
polynmer is thereby. fornmed on "the dielectric oxide filmlayer. This
manuf act uri ng nmet hod unli ke the conventional nethod using a cathode forned
a.nmetal such as stainless steel.prevents a reduction with passage of tine
in the surface area of the cathode'éﬁhsed by nelting of the 21 cathode
surface, deposition.of a conponent of the polynerization solution, or the
|ike to solve the problemof a reduction in polynerization current while a

const ant vOItage is applied, and ther ensures production with inproved

stability. 22 CLAIMS'1l. A nethod o ‘manufacturing a solid electrolytic.
capaci t of, #ehﬁ% &?cff{ilhghiﬁ 'i:‘u(i: injvgesd‘l'i ert'rd S_ytffEEfE a%'itérsurfa_ce

of - an anode a val've netal by ano I"zing t anode

menber; smeseguent!y, a solid electrolyte layer of a conductive polyner -
IS. forned on the dielectric oxide filmlayer, with the anode nenber (3)

i Mer sed i n aap@igletitzdicd okisied Hilanlay@)r 96 Poirmedr ohesdssubFaperdHdrmi ng .

el ectrolytic polynerization using a feed el ectrode (2) as an anode 'and- .

usi ng asaa eachisleneniber ca3 panadenbérapivatve metafie byolapetiziaig dthesol uti on

(8 ; and ..then, a cathode l'ayer is fornmed on the solid electrol yte '
anode member, _ ' _

subsequently, a soln.d electrolyte layer of a conductlve_
| polymer is formed on the dielectric ox1de fllm 1ayer, with
the anode member (3) immersed in a polymerlzatlon solutlon'
(8)of pH S or_ less, by performing electrolytic. polymeri'zatio.n.
tsing a feed-electrode'(z) as an anode and osing'as a cathode
'fll_a carbon;member'placed in the polymeriéation_solution (8);
and' . | L : : |
~then ,l a cathode layer is formed on the solld electrolyte -

:layer._

"2.-: The method accordlng to clalm 1, whereln a conductlve.
'feed tape (12) is adhered to the anode member (3) and |
electrolytlc polymerlzatlon is performed by uSLng the feed:]

tape (12) as an anode.'

3. An-apparatos for'manufacturing:a eolid.electrolytic
' cabacltor, comprlslng. H o -
- a polymerlzatlon bath (8) fllled w1th polymerlzatlon ,f
isolutlon (9); | o
| | a cathode (1) made of carbon and havmg at least a portJ.on'_' .

ﬂthereof immersed in the polymerlzatlon solutlon (9) 1n51de_3n-"

. the polymerlzatlon_bath (8)- and



| ayer. 2. The nethod according to claim1, wherein a conductive feed

tape' (12) is adhered to the anode nenber (3) and electrolytic

pol yneri zation.is perforned by using the feed tape. (12) as an anode. 3. An
apparatus for manufacturing a solid elgctrolytic capacitor,. conprising:.
a polynerization.bath (8). filled mﬁtﬁﬁbolynerization solution (9); a

cat hode (1) nmade of carbon and having at |east a portion thereof- inmersed
in. the polynerization solution (9) inside the polynerization.bath (8);

and I1TTITTTT HEedd Blieddréde 1 2G bsbliZE adoteeth ebeghrvltich GXurisedtas

anode t hrough which a current is fed to an anode nenber (3) immersed in the
pol yneri ziad ifeid teohtt anodeMemBer AD3 ppiamet sisd ale artoe e fyment Bz at Bonwher ei n
the feed electrode used as an anode is a feed tape (12) adhered to the
anode nerdedrut fon AN pppar atus according to claim3 or -4, wherein the
cathode (1) is forned to be -reduced in wdth along a direction.: toward
" the anode nenber. 6.. An apparatus according to-claimb5, wherein the o
cat hode has slanted surfaces on _gpposite _sides of its surface facing the -
anode nedber, ARhaPPaditals sifFaEdingxtengilagm & sfhagein the feed

'eledtrode used as an anode is a feed tape (12) adhered to the

anode member.

5. An appafatus according to claim 3 or_4} wherein_the
cathode (1) is formed td_ be reduced in width along a direction:

toward the anode member.

6. An apparatus abcbrding_to claim's;.whérein the ¢éthode'
has siénted sﬁrfacés;qn'opppsité'sidés.of its suffaée facing:
the anodé:membér, thelSIanted su:faces exténding_to-spiead
6u£wards-adcotdingzas the distancé betWéen:the:slantéd o

surfaces 'and the anode member is increased.

7. An apparétus,aécording to claim 6, Wheréin;the cathode,

"has at least two slanted surfaces.

8. Ah'apparatﬁs according'to claim 3 qr'4,'Wherein-the".
‘cathode is divided to be'plaéed closer_to7oppos1te sides_bf

_ anfupper 5eqtion_pf;the'poljméfiiationibath.

''9. An apparatus according to claim 3 or 4}-Whefein the '

distance between the anode member_aﬂd the cathode is set ~

_within the range from 2 fo 12 mm. - . ; .
J R || L1111




outwards according as the distance between the slanted surfaces and the.
anode nmenber is increased. 7. An apparatus according to claim6, wherein

t he cathode. has at least two slanted surfaces. 8. An apparatus according
to claim3 or 4, wherein the cathode 43 di vided to be placed closer to'
opposite-sides of an: upper section t he ‘pol ynerization. bath. 9. An
apparatus. according to claim3 or 4, wherein the distance between the
anode nenber and the cathode is set within the range from2 to 12 nm
L1EI~I1 I ~~"1LI~l I~~I~11 !"~I 24 10. An apparatus according to claim 4,
wherein the cathode has a width larger than that of the feed tape. 11.. An
appar at ug (cCcandappar@tilRidBcoiidy WHU R in SPLGIHéfeinCEhE I GAERPE 2
carbon menber provided as the cathode.is set to 1000 Rxmor less. 12 ...
An appar aidss @ceddehnlakget! ahand thatd, ofhehei Peadcaapen nenber '

i npregnated with a phenolic solutlon IS used as the cat hode. -
I|IIIIII///I/1| fl,,,, 11141, ' .

11. An apparatus accordlng'to cla1n13 or 4 where1n.spec1flc

res15tance of a carbon.member provided as the cathode is set

to 1000 uQcm or less.

:12. An apparatus according to 'cila.'i_.m 3 or '4.,' wherein a carbon
member impregnated with-a'phenolic solution is used as the

cathode;

. l /"/I | l//l// m// U] m



