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I nvention This invention relates to P 3?43‘*9? el ectrol ytic capacitor having
good capacitor characteristics, parlIE é good hi gh frequency
characteristics. The invention also relates to a nmethod for the manufacture
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| ayer - buj,l t cetr ané;c capaci tor s tenperature characteristics becone poorer
when t hey apeschptiohl brdite Phbi t O have a smaller size and a |ar ger capacitance
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filmtogether. The resultant alum nium capacitor is stated as being
significantly im proved in frequency and tenperature characteristics ow ng
to the h| gh conduct|V|ty of - t he TCNQ salt Si nce 55 the TCNQ salt has
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been proposed solid electrolytic ca%?m tors wherein highly conductive
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t hi ophene and the like are fornmed on an anode for used as an el ectrol yte
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form ng an anodi zed fil m on the val ve netal nmenber, formng a manganese

di oxi de | ay 8RIEPIDESORIPRIONGFZ®E DRAMNGSS Ubj ecti ng a nononer capabl e of forming
a conductive polyner to electrolytic polynerization thereby formng a
conducti ve polHRjgsetaahd 1brare) respeotivelypa sgiitratzsipolyiic capadcier acavyding to ana embddingatuf the inven-
termnal® to ttiem val ve netal nenber and the conductive polyner film
respectively, Figszdas2btand 3 aredespertivelyaillustritive efmrpchgedurecbmarufagtoting afselld slectolytiorapasel
by i mmersi ng tieeofihaltype pertisularly shown inFighta andf t er t he fornati on of the
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Figs. la and 1b are, ‘respectively, a solid electrolytic capacitor according
to one enbodi nent of the inven- Figs. 2a, 2b and 3 are,
respectively, illustrative of a proggaa%%8§F1nanufacturing a solid

el ectrolytic capac- itor of the type particularly shown in Fig. la; and
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described. In Figs. 2a, 2b and 3, there is shown a procedure of fabricating
the solid electrolytic capacitor. As shown in Fig. 2a, a valve netal foil 1
having a positive |lead electrode 2 for the capacitor is first provided.
This foil 1 45 is subjected to etching by any known procedures to increase
the surface area. The etched f0|I |s subsequently anodlzed by |nner5|on |n
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may be an inorganic acid such as phosphorlc acid or an organic acid such as
oxalic acid, adipic acid or the IlkeEP %%sﬁg valve netal Is alum nium

[err] is formed on the foil surface. . (a2 tlvely, If tantalumis used,
[err] 50 is fornmed as the oxide film3. The foil 1 on which the anodi zed
film3 has bedyrondyctvegolymer filimie thewformed op the anpnganesgdisxidelpyer. iifdive rositive lead electrode
awat er - sol uBfsaisefkas gn pleciodeforpotymerization aed gpolantipl isiappliedhetivegn the ele¢tiade? and gcountsp
to [err] theegwge ?'?Fé? fedl S0 ﬂ‘t!!é%' Sahoasizatign. eleetrahitie PW“?’H‘EW#%‘??@EM@%P@%%&
to forma niR 5%@%“&?3&9 d iglgetsic film 8, the ano- di zed f| I m3 For

d fh ‘E\!fe ezation B SfF'ffr appl 8 i sgt in contact [magganese leer layer
g%glégqgom t? a 5 m s ey '};? f‘|’1s§' ‘%%? t°'° %’T?F@Ie
o | e il )

istin i ble
acet one, A s fut b
nitrate E/ﬁ @ m elébl’rﬂde bl‘ eru %
preferab £ w?.hucaverp%ﬁer Fo%wa %netnﬁhn edeiokile Pafth Ky CapaC' Fhce
of a final Canﬁﬁhsasctmnﬁmeonmga.eﬁaau mpa% a.h&dsrb&aaum%ya

conti nuous kdiRfionOThed8untedsistirede othay BOREated aflanyposﬁe videl thafids dBpardledrpuntthedidcy €
pol yrmer fil todeSor biIBRIdds@( PrBferably) the! b ciidle 8 3RvaRiBe Sindliéf iflSizd tRah@he colidterleldétroa@s.i t i ve
| ead el e@t r oderhg eleétrolyicblydiarizationSbiGtich 10 dehsibte lof #h0diectiBlyticall bolynierizdblé nfonprhdrand 4 al
i s applied baiporessctrbiite asdiseadssdisbfore? Thamtbnemer anthdeetrolyté &6 usually disgivad ia @n organtt sol-
sol uti on f owenpinlamomnts ot g kot moleallitee anddiomigigd t@mb molesrlitaraespactivello Tise salvént inaykie any

pl ace becauert cdmpbimes gapetdeof digsalying bt the moshneeahdalectialyte. Examples ¢fisucd solgsnts includé n
order to cawster3andhgrasuéons pilaypoltents suchias acetonitrild, ewopylend caridnite, ysutyrdlagtone dimethyl-

wi t h- t he2ona fryaanidecandithe ltkec(Ene pelyrearizableanoromsir vieldeck dopductive palymerhy oxidation pelymetizationo n
vessel 10. | n Afgethepolymer filphas fully csovgred the surfase of ﬂl?(!!@"@"?% digridn/javeedi the polyuasigatian ed
fromthe el &9?‘!"6Hét°8’°a@"Wmﬁ'“ﬁhgp"'yg‘e’“ﬂ‘ﬂE"WW@‘W%'@G‘WG&QWFN%l n
an el ect roI I i eg N“’r?ﬂ‘? F'?'&P'P BFH°'§?S’F P'tWafi“%6?%‘1"%%“1"}‘?5'38?”&1{’” i used including,

el ect roI v

%ﬁ‘%‘ Iectrol te asst ;both
poteniial 1 AHRAES % T ’31 g e
pot ent i aI £ o%f he
counter el e %!I'f' ve"L o rifx' ég 7& g yag'fl %or meg tge%:lt ‘r?'o r@
from whi ch t iﬁ .M.T&]ﬁiodiré&l ok ﬂ&'él@&rhync%% fa ctlol fhe VENBHHRES €
di oxi de Lan?Jilh Tt r.mﬁw}e?ﬁ:h& A&t whéh fhany4rdsd diokid® s deposited on
el ect r 0des  gheRiHZBEriINEQH iR oo RiaE. thé Qedtrfytic polyrAdri2ation Radtion Mbce%rshéétﬁlyf?&n
The count er uflefetdde d6r ehofRN o rtibrawhEed cartenfdelsith Rhigh. Ohbe (R6 RYLtIE Startd 1@ becls the S
separ at ed f peiyhdr owErdtthe dié oPthe FOrtRA toeAtEIF coVer tHsGritRb SFitle\anodizB@rilm| Aodrdigile 8
shoul d be sanériiigrowth obtha polyntapdvei theentire siitfacd, thalperGién op petions at Which the polyi@rization has
el ectrol 3t i etapal aygmemovediAs@mnessiq lathpacitor whichdsreduced i8 cfentdsakage eart bebigined: Thd ryan-
pol yner i zablganesediodue brirgs aboat tbameparing ekt t r ol yt e as di scussed before. The
monomer and el €khe rapagitorof the inventioreis 4dyatitagsais indhat the canductivegpalymerSidnh canbe farmedat room
anount s of @mberatyrelat algw poj¢ritialaewill amiffdrertbmrmthe ¢aspgpwi@reolidlectslytesiseoh as manganese
respect i vel gloxideps TENQ galty arerfenpedyen anqpodizadiilm by ngRiRighch matmnseemnng
botss t he®no ﬁWdW?%FW@W‘F@ de teniosgtien of shen fimith o bigh withsiapq Yﬂi‘!ﬂewat er

d dg B'P'bfhegmdm ROVESISR e 8 6'f?|yf°r"1't|‘%°°d : th@%ﬂ"
“but yrol act 30 i afezw"mﬁahms%esg% o e %@W Fge& ’
?ltthaé aki
ﬁr:’a I-{eﬂce

monomer y! el n%g&z y’e%fE nme nodled masat‘l

pol ymer F thm ¥Tl ﬁlﬁod}ih t| A %c ndq&w

4, the po' y%‘%é u‘? o Ring’t &RIS

pol yrer fi | m, ,?cse, il .nyrem

el ectrol yte a hhlﬁ ibed® a.muﬁ&&eoﬁm inthoﬁuf% eVl the i‘z‘J&o&ﬁes
easy to dry nhhsderbeBthe SatuéePBlymdrfilim BrRIPIEw frdfihg biefechl Bhs%rkﬁdi&hﬁtﬂ tHe deptfe
ket ones &r iofutchbd dﬁewnez&hefo.mexemm&ﬁésu@od.daam edussdniine@aseloNéaikilR carrinfdnd & Bering
att ached t o of Vithstaravoitagé. imRe fatkioeBRIhé intdntidniyis prefeied thik pridr 16 Be fupiiatioAoritiR corductive

si |l ver past @olyniéi€iint, & palyniedfilin ifirgl fobrmdddy redlctioiepolymeiidtiddEThspuigrhe diinvs hdd cehdiiotive im
such as an agatoreyMore particulalfy, amélécirplyticlpelyrarizatios doheioecopsisting ef ednphomerisanh ae xaapfie,
by appl i cat iester, axhetizacyytid estet, methacpflonRifle, wetheg ylarhide acrgentteille orsorylwmide tsplapeiimtheipaly-
for sevefal medzation regitioncessel 19 Hig{fe nghigsolition, the velive métal fdilt1 havingthe aretikzed filro 81m

t he el ect r olwpich the panopnase dioxidejlayer 4hevbpgn formnd istimersed ag shown:lethis genditieny  posiiwa/ion g
t he anodi zedentia isgpaliegtio the povntergingisede @ and gnegatiyepotentinhig apptied to fipelepty therekysaus-
di oxi de is (NG3@emerdinby slatoliis mduchienpolymerizatinpdnarowon themanganesediondefilinds . t he
el ectrolytic polynerization reaction progeeds snoothly fromthe el ectrode 8
or a portion or portions where a current density is high. Once the reaction
starts to occur, the polynergrows fromthe el ectrode or the portion to
entirely cover the surface of the anodized film Accordingly, after the
grow h of the polymer over the entire surface, the portion or portions at
whi ch the pol ynerization has 35 started are renoved. As a result, a

%-.p

ug




40 sequence, the capacitor suffers little deterioration of the anodi zed
filmw th a high withstand voltage. L 8@‘2’%@' on, the conductive
pol ymerserves as an electrolyte w t K 3 Aduct i vi ty, so that good high

fre- quency characteristics are ensured. The good adhesi on between the
conducti ve pol Pﬁewn’l‘m"eﬂ'ﬂstf@weP@ﬁvdmﬂwmt'qnmwhmm"ﬂh@'mafrﬂes\@tmﬁ thetede

| ayer resul pf@n hs"apftf'aﬁ!?&'@!‘?'w sFFMlef Q!\ﬁ}“’ts@ with the MW’FPF‘ 'E‘%s“b'
per at ur e stfﬁq Itnq@"*qﬂ'@"ﬁﬂ?ﬁﬂ?&f W%F'P'F'If?h'? Enmersedya dhe BARer ed
filmas a t FAtiR ?“1“1“ a potentjy) h“"ZlB not, "ﬁf'@a’t%""f ﬁlz?ﬂ“&t te%f'a'('ﬁ '?‘?""d b’“"““
capaci t of 88'8?‘5?9?1 Sher
fllmsfor ngh fhﬁ z{@ 'be n{?f‘ .ﬁ? rg'

| n or der tO nsal'era Ehe e%on 00“ n#ge; m n en fCh
i s not Iessﬁ Bi f'an ﬁéfj:ﬁ le tXnd Ashe 19
descri beg the lm dl‘fh ntuB Q’te'?ﬁ’nlal‘o #&un‘a &&d &lyﬁ@rﬁﬁﬁ wntl’u tforﬁgﬁlﬁ\éf" r

the anodi zeghe Qai-ChiadudtivaPalyér it theranbdied A E4A bb Midjeltad ¥4'Shdmidal co Getrehtthefltl OW
fromthe defrms.tetrya@ma@ﬁmay ¥ bHedléd tﬁl@u& rtl%%hdﬁ&tﬂe béifined AL IR a aifite sai.t.&.toe Rt fhrger than

pi t swher e t i of ddatbokyfic RAIRAHRE adidid @ir £Mdylid 21ASThisichémicaPdéfvdrsivn rétiRStreM SEth@4no-

| eakage cur aisufinsiter thefRwaiobf BiE condchvelpalider Vit it AgPadvantagbdi® infiwefrigia@ercert defdee

I nvent i o183, bwing t6 tHelleakeyl i fbnt, Withian|dfipréved yiéld bt nienufadhire 6ftheaapdclie. conduct i ve
polymerfilm dnsobrgames withi d fonthies erfitiotimbditof theitivention; ihekel (stalso progdddyanaettiod foir mamufac-
Thi s pol ymeturifg 4 solid gectroljticcapaditec ip whigh the condactivegpolyivbnfibm p isifarined dntinely pn the napacitor

el ectrol yti elemesit Gemeptiortheppsitive blegtiods 2 kysapsration with aofnsulating member. TheiRrbeedure ofthis
acryl i c est methodys despripadinyigs.da.cdbi&and 6et hacryl onitril e, met hacryl am de,

acryl oni #ri | e Sypilaglethe|embediraent show) in Figel 21193, £ Malv toil § baving g pesitiyelead plecirade s on
vessel 10 of"smf?"d"%a"dl"ﬁh‘t"d? §°"§§§P ﬂlelst‘ﬂ?"e ?_'H%: TU' ne’ezaql t°1f‘15’f‘ an &x-q'réw #r t h e

anodi zed film "('ﬂit' b hﬁ’tlr‘\ﬁ mﬁgﬂ*’qﬁe

i mersed as® "t" '1:;

t he coun erp?l' P'V‘b e Shg cwash

olectio b €§ ¥ 'gnﬁ et
meri za

gﬁbgequent I ?Eﬂ ai%éﬁ% ‘pL thbinfalyifd 5,@ |b gpz dlom yt Lsed.ox.de

pyrrol e, thj0RQeR the AhodBed hﬁﬁa.atdnélﬁéthé eiportioh oﬁ ﬁe auemr 'F T o%B&sft &Tﬂ%rﬁaﬁ
st at ed bgf Opshebedidiida EFépedtiid o Rtburtibbd. ON Wi th the above nonomer sol ution.

Sub- sequent| Yrne butface 61 the pesRtAbIeEd diddtrife| 2 kBdbotd théThdufdtingRhbmbars Y 2is hahtisted Highiih rel S
I mrer sed i Nsikttee 6 MEdns ofthyd rhangdheseydioRidé forndedthiefdn &Eer the idepdsitivhd@atmelt ch a

pot enti al whi afthisStatepthe bulshost inSufkifingomentblel/ 12495 rembvietl §5th4l ee @ir¥dc poriion obth@leaddlbe-
bet ween 5 trbdec? nedrét@lanadibed Simasrisexpdsed axromiuetve. Tais bxposkd ptiontid\enipliysd ;3 anadvde far
conduct i e pelbygenserit stbpwhatetaloendedtieccriolymerdiliis fofmegiiThisifiemation is tardadioutdn thé same miahner
grows towar ds ddseibedirefraneithgespedt f theFigs 9 endi3. Morerperticuldriydhealye gwetatfbil otitained in the
pol yer i zat absve stefieimmersedin an electrolytispolyreatizdtionsniutipreconsisting:af A dlacivolyticallynolymerizable
film7, if esr@much esRyIrele qubanel ex4 degjvativechereof arid 2 suppgt elegirolyie both exdelined before.
Accor di n % thisase, Hg @xposqdplect H@Fa‘f‘?ﬂ ﬁﬂ?q°§s!‘5!9n%ﬂ"°&1“l’?’ﬂha Relymerizatiop starts from
porét ons®of t ﬁ@%@ﬂ?‘%ﬁ‘“? !°F ’°‘1°|'+’a§,d ua'hr 9[°H'E 1"%'!%'!9 '@Pgﬁ“&s&m&yé’

A nz‘?d'g’;‘”” ;& t "m"aaa %x 151 Wﬁr

ap jlm § n h id
Fnod] ;Meghf?m@f ﬁﬁ 1" gf%ﬁ 'ﬁé &m,&@ . the

retreatnent , Lé{tgr eXt%&bZ &’e& lthaa;%k
sol ution of rdaﬁtan ﬁ;w&srusb %reky’% mn?gacéaﬁ his?sp%&i fnnFig8! PI C_acl

sal i cylic aci dmis fype of capeiidr edigniFiGRUEImBroREd il Rindich PeBiStBﬁern cetthéacoﬁéiﬁﬂve%}rﬁdﬁfrd | m
after the f gsniphtdiydvedd thé SEmEnDEISHE fol tHE inSURtiNGRémbiek. ASTa initteY B clursi ihe DAIRGRAH fay N
| over i ngsoa  pesiarilium sradneim. f Fequitliaign-toRddcthe pbififds AlkEasQBCHlHA befordiriaibebtmed prior

i nproved yi & thk fodmatidhaf 1Ne tanteeive pogmeértilh.ne capaci tor. I n accordance with a
further enbodiThe peseaf invehtion ismoeadartiolarlytdaseriisedibg way of examples! iteatol beonobed tHaOEkaiples
manuf ac- t unkafreal with b icapaeiforaf the hipy sliown indjga.Cli to 8 and Exanie Tillustrates & apatitatof thetype

pol ynmer fil sho@mijnFigsoktad entirely on the capacitor elenent C except for the
posi tive®el ectrode 2 by separation with an insulating menber. The procedure
of this et FAPPled described in Fi gs 4a 4b, 5 and 6; 20 Slmlar to

t he enbodi nent. shown in valve netal foil havi n

posi tive | ead AdElmnumfell 9?"19@“??“}' %Theﬂwmﬂyﬂ"@ﬂ"%ﬂ""é'@ﬁ H@E%ﬂcﬁ‘ﬂ‘@%@“?ﬁé“’m‘
surface area. This foil is anodized to fgrman oxide film3. In this

enbodi mrent at |east three insulating plates 12 of any desired form each
havi ng a through-hole 13 adapted for the positive | ead electrode 2 are
inserted with the el ectrode 2 so that the |owernost plate 12 is positioned
at the connection between the foil | and the electrode 2 as shown in Fig.
4b The Insul at| ng pI at es 25 12 may be made of a heat re5|stant pI astlc



si stance by neans of the nmanganese di oxide fornmed thereon after the
deposition treatnent. In this state,_ the outernost insulating nenber 12 is
renoved so that the surface portion EBOBE2BI, 4 ol ec- trode 2 near the
anodi zed film3 is exposed as conductive. This exposed portion is enpl oyed
as an anode ofafie acBo form arhanedized film eonsiglingwfdd.0; on thernitisvcfa¢ey Ehempddizetfiln-Heanng glumi-
formed. Thi giumd@inmyasapee immersed in arcaguenys 3¢% manganese nitsaterealution and thep subjectedto thermal
bef ore wi t hdpesmpesition freatpenkin pir ¢¢°9 Agaresylt, 'N«ﬁs@umwm@maaﬁeywx'#?ws\ﬁam&@das
metal foil &PRtESrAetaop the pyffaceglfianodized fiim. o |mTer sed in an el ectrol

pol ymeri £at i orP"s'B?B ’d‘ﬁ“‘bd‘hg'%'f’ °I¥F‘e'5““&" P"G%ﬁ"‘f

nmonaer sucl'f"’a 't f

ue e! it
el ectrol yte oHat ?']ev.efsf’ ?‘%"'E '?é"ﬂi'F " %J eJ'D'T's
used as an I!if’. e '::‘;r A S | 1’; ? infoﬁo
the EXDO%Ed %l lﬁl?aasISI 1 re I'OV d a 88
grows al ongf n%
conductive ﬂc tg

]
f@f%% a&m fe p |9|¥§ri[zat| Hell a p voﬂs érata.?pu
ntepasct |gfactitided, v)a@)sy.% t toF'4bo wasformed
conduct i ve RinéeRétrobias. THervafiddSh e Affith reshaky drdwrofith mtmaﬂaaeaﬁ ndh@msd@i-
| ayer 4 or BgheGes. ﬁhbesa@mu drd%‘uﬁstﬂ&‘dntﬁnh&hyﬁﬁ&ﬂ@ﬂﬂﬁﬁ Joflowed By AtR¥iRrentof

the surf @ce ainggatisdittodsits fhe aonaﬁ&i\)&lﬁtym&f?mn déingRrbollohiaDgraphiesaets Ty restitat capticlk

i nsul ati ng MR vad stibjected 16 Masafimant 6 @pabitdnbe. (AB @ readit) il Was found tHatd riedf a éaphditance
deposi t ed OmeletiSe tolaleapakimachk ieligaid Wa©85%. The capititdr hasa capapitdnicy of 2B @ Ectarcd of 6%/ andieped

I S at t ached daree bi@g Kbz oFBX R, aavitimteny maltagef af Sghvolls, lahd alegkagescuaent Btowt larger ghah 2@ volts
past e as deotnokloger theofdscA. The resultant capacitor el enent may be covered
Wi th a pkasti cWheadliegbeve drocagurd wasrepesied Lisingthigh beiling cestriowida syeh asprepsigeadatbonate anithi s
i s fparti cul artubrolAsionansithe spivegtand COTHAFs” ang Pl saits asdhincaleicirabyte, pimilarregultsiwetephieingd.

i mproved in humdity resistance since the conductive polymer film

conpl etel y E¥epe? the el errent except for the insul ati ng rrenber As a natter
of course, the valve neta n| um or ta a um

fon c;)ndff'ct;tvef\ﬁgml ‘f"’P‘t“ﬂ'f ﬁﬁ%’(;f?sqg' f%a hr?%‘:gsfﬂe
pg.lt ':r?cljlog.rlo é[?nb:'ﬁ%ﬂ'u t O%Thl as tr %5; trom oo d ive or n
i S e i
9 illust At Ghrg f&‘@%@t mem. &uayer
An al umi ni u'ﬂrfm ﬁb%&é&bﬁ%»&@ %1% r(fl h.ﬁmawteae@sonageof
subj ect ed t QqiG&8 %E%V&QMQHMM f m,ge Bl oxalic acid to
form an anodi 2§gbnfthd dboveProebdule Wil répbatélising tHiphdnb Gs ihe mbnowr forti&eleclioticogeenz ed

fil m beari ngatih sihitar dhardttbristids Wekd@btaez€ | Nmer sed i n an aqueous 30% nmanganese
nitrate solution and then subjected to thernmal deconposition treatnent in

air at [err]examidedm result, it was found that nanganese di oxi de was
deposited as spots or dots on the surface of th anodized film 5 On

t he ot her handA5dmicrerhedar thicktaptaling fofl whs ambpssedio foughes e siurfacsrfoliowed hy cleminakednversion g
0.5 nol es/ | witharaqusous phiospherisacidsalutionry 12volts tnfemadan anedized filmenthe il gyrface. The anodized
t ol\uenes f deliavas immessed in@n gqueous 3@% manaapesp fitrale aqlutian andispbjscteq fejthermsql Heppmpnsitiop-af
placed In a "ﬁm;ﬁ?ﬁ?r"ft'fﬁﬁ °G ipalp thegby dpacsiting thermally dacomposed men nessdmt'%ém the ano-

| f drpdHa, The ermipR epryastienang ‘H?’QH °‘t°ﬁ‘8°*ﬁ‘a jterlagpin o gptain
al i ni um £ o awt?&"‘*’twé@% e ot JAe o7 B o Rt T

the el | "°8f 'i‘ga? 8 odibm engsp iRed
i necgnfg%:ét’ 0 os 6%/'3': ff?le dman sufa Ilo yir:g%rﬁi egs%leylx mam'tnlere
el ect r ode f_' % ro?ﬁn?ﬁé%%
fromthe el %Gnta t ecbf @ﬁtmﬁlswstatsvoqe : oaralbra i gty

cﬁo@ frl waid
of 5 volts WRkHR fAkb ,jgﬁ e t,ggﬁgdgdto G GgHdat er el ect rode and the el ectrodes,

fol | owedsdy T efifelchgaBitahdd’af rué&omwmganasmxmms d.2 | PacvedHi S4B RsBehb he
el ectrodes. tiddmti@Pdabsititanch Was SBR. i EBrtradt] Whidh Bhe Plybsirdie/filBiwasfofiea)thé EpadhhiRs b 12g€S
toward the mRgaNgs e wih ara®td HEtheédetica ofsmenree.apuda@aht 180 KiiEwds ¢.1 b, Whishwassdali e d
w th nmet hyl 1aipeftdvabacidrtavihigimanganése ldioxidecxtbn® ypphddisavi Bmed. Tiafwithsiand Roltages 45 Golts
el ect rode t and &lalagaclorettiat/ts voitd wasitess than gl WAl Thysevalued dre sighificagly Ajgher than paedite.
The resuft arnd g 9pAcfiatcapacior using mengasese diokidealotes tbspectivalg.Tbia iseensideredds follows: the poly-
capaci t ance .pyirole-WnQ.comsiax oblainesthy tiesletebiytin palymerizationchas 4 high elestsia condugtivily of fedmet to v e
to a capaci t1ﬂﬁ§(§l“|andﬂhlmn@mlﬂtygwﬁpﬂm&bdwml tor has a capacitance of 28 u
F, tan [err] of 3% an inpe- dance of 100 KHz of 0.2 [err], a wthstand

vol tage of 50 volts, and a | eakage currept at not | arger than 20 volts of
not |arger than 0.5 uA. 20 When t he above procedure was repeated using
hi gh boiling conpounds such as propyl ene carbonate and y -butyrol actone as
the solvent and [err] salts as the electrolyte, simlar results were

obt ai ned. Exanple 2 25 A tantal um capacitor unit using nanganese

d| OXI de as a sol | d eI ectrol yte \/\herel n the chem caI conver5| on treat rrent

Y o r



conposition treatnent of nmanganese nitrate twice. This unit was treated to
froma conductive polynmer filmln t nner as in Exanple 1. The
resul tant capacitor was subjected t%sﬁég%gﬁsnt of capacitor char-
acteristics. The capacitance was 7 u F at 120 Hz, which was equal to a
capaci t ance Exampleidqui d and which was 30 higher than 3 to 4 u F of a

capaci tance where a nmanganese di oxi de | ayer al one was formed on the

anodi zed f| I m‘t“\ﬁ!"ﬂ@'“mﬂﬁghﬂ‘ﬂaﬁ feares of 2 mmxd ﬂ m, whish had hean eleteolytipgle efehed witl hydrpo o
KHz was ?h' PF‘ a'Wl SE‘H”&’"\M ‘E'H%‘l"%lﬁEf“’WP'E °'I9P a?ﬂﬂd wi §é“aE‘$F&PF°5'G"a¥P§P'E‘ 2 a

| eak Eur't all yeg 3" 8 nganese di-
pr obedur e”\rNa'B néﬂv;;@ "‘T"ﬂ“‘B (ﬁé@}aqrw g &F@?Jms'
p0| ynerl - Z plen WFP 'm he enF1 U] a\°§[“f | was o;ve ein a gﬁ
m cr onet ert t§1 ﬁ"q grg(a ﬁ;ﬁp@&?ﬁ

bychem cgl gﬁgy \é/ll'{;l H?% r cac

to forman an aﬁnﬁ) .uin' .maa élﬁh% g:Qéeld.&. i 6 the'ddRacd ﬁ{?{a&'oﬁ}ﬁmw M@§im-
i mrer sed i g tRfHIGRBRcetid Hﬂﬁ&ﬁ‘@iﬁar{ﬂl&{rﬁﬁi@ ehatiG o 1iirfg of- da/liter
t her mal decegfmRas, t¢'4Qﬁblé§fllteF&'ﬂﬂﬁi§Qﬁ@m5]é§!lﬁe?Bﬁnﬁl ithate dhd Whter, subjeGbE®B blectrolytic
deposi ting bégmhenedtby, AL Wmﬁma@aﬁeem ofthe foiRastBrred Witk 8 Polfpyirdld
The abov# cClipddraablypyRdleMadgarmdse dickiliectifipiéXtl abdkt a9 MAGES. Theap4eitancs; bes shdatpedance
repeat ed agafthe fesultardd tapacitotwepdshiilae Bl thase 6aNY/cabd Witkrd rdiaRganisenitrate W diided, but the
| sl ands of wiirstaadedtagechas risddfraomid Yoits to 6P valises t hereof . This foil was

i mersed in an electrolytic polymerization solution containing pyrrole,
sodi um par aExaviplednesul f onate 45 (hereinafter referred to sinply as NaTos)
and mang®nese sulfate, followed by electrolysis in the same manner as In
Exaapl e 1. Thdn @emsnanm# inExample 4,40 gigked alumpiumdni 9fdliscantinusus reangeneep diogide
to 0.5 nol elgyerion the sysfac Mpie This foihwasimmerseq “Da'!?' '%'SP?'W"‘UTSWM cansistingof
p-t ol uenesuf %h%??*e‘“‘&ﬁ Wﬁnﬁmewau?ssslﬁﬂpé ymerization

I&t E IW f n8 alue
bl ack poffypd %x}ﬁ;ga%%%% ?ﬁ’ﬁﬁ"‘f’ ﬁﬁgp %I"H&T a§ ? g?gﬁ iy wed con

nmanganese di 8 inggtporation gfithe s(‘fl naRq Rolygtyrene %ever TYREET 9
the manganese IWE:Q '%l%#‘ﬁ 52 wﬂl%zﬁfﬁtf@r&m&(}bﬁlar %'Erm" JQ?JH MPal

capaci tance e ale) BV VI el tcal NE
capaci taigcepé\tj?;:ﬂ1 ﬂgg iy s@m;@ olafM eor et c 0%

The i npedance at .1 [err] |ch was about 1/10 of a

capaci tor hgyé,,{m,granganese d| OXI de al one applied seven tinmes. The w thstand
vol tage was 45 volts and a | eakage current at 15 volts was less than 0.1 u
A. These val uet aluriniuviri fginwiichdat béeyt oftingifig btclield and kA ratings of 16 and 1Pk Owés dnplopdd. a
capaci t ossus Thegfoilrasgmodized indancaquees adipiceeid spletiopcaflet widdh)it was irsersed ircansguabes 8% as
fol | ows: t heangahese niprgte salition,[falipwdd by remmabdecartiiositionsati 21@9C inlaie foe b minutes) [Syparately, an
pol yner i zat eleirolyticpolymbiizgtionebletivn camposed ntilameles/litey ofpirrdle; Bioletiter I Glraddfitammenid a
hi gh anodi z aWipttdiyepesulfanate-prrdacetpnitrila wasirerared, An elegtrode frampwiictgReeelgtygytia polymetirgtioe 4
An_al uni ni ufetowss mede piaplatinumwiteaA patentig) offiyoits was applied hirivesn thecalpclsede qnd a cathode

el &etr ol 4t i éopamyousthe n'eeiromwmlmyr&pﬂyn ’%‘FFF"B Fhe@ba@m'smendy ebmegfilmen tnewngey |
conver si on, “W&Q” pliag thgpelym eqwith FT?‘?&’P@’ pgﬂ.tﬂ%aaqqu%gmphue

thernmal |y d ti snﬁﬁg ly prdggmagdq E‘(rﬁ“ ﬁ hed to
fil Th & sjiver pacltor ement.
d: S(r:n ontip e r Atg;:"ﬁﬂt m\/\%f?d?t’ r“s ed'"all %:g“ga\éﬁ;ggasagf qpplication of 20 volts in alr
pol ymE‘“Za“onr Qihs GRIRLEA B ahuf 'SPJ r EflabotefdticdWith (1@ uil o imthe fol-

h&% 31 lﬁ% Wbﬂ f‘:ﬁ d%éfo[él

mol es/ i ter iy ﬁ@stl l:e V89 Iesarésﬂe&iv "I’t

U
resul t, the gRtiahd imildl agse,z? 0| vvas covere a polypyrrole in
about 40 m nutes. The resul tant capaC|tor had a capamtance at 120 Hz of
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of 2.1% The inpedance at 100 KHz was 0.08 [err]. An alum niumfoil having
a MANganese & oxd £hond B3oim =01t ~le18 S Uk 26 8- L hek 204 - Ul 0DI-BINBL i3 3 FRNNET
sim ilarto th2@we procedudeKdas’-i nhreakege i n ESR of smrties wesdis-

pol yneri zation sol ution consisting of Guéremtes/tance) &t Boae &KHz 0.4

nmol es/ | i%er ofCNaTdan 6. 4 nBl es/ | tard of 18aMganese nitrate and water,

subj ected t o"te‘t'e'ct'r‘o't'gt 'y'rrer'rzat'ron“At-'a;Im'e'rnw%ﬂ-'o'f"f“r-c'm-s'-?-t'o

5.5, the ent®r& &l £a ﬁd‘ F0id-8%as cOvBreddwith a p@yMRrole 15 film

capaci t ance, Ioss and |npedance of the rgsultant capacitor mere simlar to
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manner as in Exanple 4, an etched alum niumfoil having a discontinuous
manganese di oxi de | ayer on the surface was made. This foil was imrersed in
an electrolytic polynerization solution consisting of o



t hl ophene, sul fonated pol ystyrene, manganese sulfate and water and
subjected to electrolytic polynerization in the sane manner as in Exanple
1. The resultant capacitor had a caEEEP?aa%g@"of 3.2 u F and a tan 8 val ue
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reduction polynerization for 5 mnutes, thereby formng a polynerfilmon

t he manganese di oxi de | ayer.




This polynmer filmwas washed with an al cohol. Thereafter, the resultant
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conductive polymer [ayer formed by el ec- trolytlc oxi dation pol ynerization
whi ch are fornmed on the anodi zed fiI g é s order and which exhibits good
hi gh frequency characteristics, a | ow’l %\ Ge current and a high withstand
vol t age, gcan pe_obfained_ Lo high 55 _yield. Example 8.9 ____EP.0_336 299 Bl
An alum niumfoil etcRegredtmént'ct GhedifE®INEr MY Rekduhblenel i ngs of 16
volts and 10 u F was gSohyveegtshto chem cal conversion with an aqueous

adi pic acid to form ad28nBdi zed ¥ iKH#m conk€st i iR H2[ err]loﬁlz he flé} |
surface. The anodi zedCfj Fmtﬁearl ﬁgF 58w ni um f |¢m"iﬁd‘55| gn an
aqueous 80% nanganese®Btrdt e sob-F utiton ahdd t hénf subf ect ed o ¥ hetnf
deconposition treatnent in_air_at_ [err] for _10__ng_qqt_gg_gg_ig;m_a_mn_ga- 5
nese di oxi deI r on “the surface of th anodized film On the other hand,

an el ectrol ytmc;‘ﬂgwerl zation solution conprised of 0.5 noles/|I of a
pyrrol e nonongrigtik 0. 8 nobes! of, 8 et Baet kgl &nm@ni ulLf7-t 8L Wen2sail fainat e

di ssol vet® in acetonitrile was placed in a polynmeri- zation reactor. The

al um ni um f oi A8 ng the anodi zed film and the manganese di oxi de | ayer
formed in thi l,mers { t s sh [ . Then,
a potenti al o?tniggqagg%[ fan 5 §g:f qMI% 5ﬁ bvas 'l% |ghgwgt hgh agPlenti al
for polygerization was applied between positive and negative el éies,

t hereby caus- ing the polynerization to proceed for 15 minutes. fs-ape
result, a conductive polyner filmcould be growm fromthe positifer 4

el ectrode toward the manganese di oxi de |ayer. After conplete cowmmb@ of

t he manganese oxi de |ayer with the conductive polynmer film the <%

el ectrolgtic polynerization reaction was conpl eted. Thereafter, fﬁ%%urface
of the c0nduct_l_\_/g_p.@.l.y.rtqr..f.l.l.m.\.A@.s_MLa.S.h.e.Ci.w_t.b-s:Lb@n.O.I-.qu.Ci-cJ.r.l..e CoRLIZr the
formation of the polynmer 15 filmon the manganese di oxi de | ayer, the

anodi zed filmwas again chemcally treated in an aqueous 0.5% adi pic acid
sol ution. Aft éNkentheahevaiproeddulemas repdated nsing water insteadrof the onganficsiolvenhgasa sajygrit foeelec-
with a pWt etrolyticpolymerization endior als usiegaas thecelecigiyte, sromglicewionates sesch as fepkthaiepesulienates
negative el deepduthe tojyppesuifpnate, simiiprresyitnyereiohtained. t he a lication of the
potential gradisail mmtfrqméhaqovﬂaexm'e-é\qfetmﬁme@t qhpraigal conparsion of the ano-
appl i cat i on 9B#d filmafterhalprmation ofithe candughyarglymen filp é%!ﬁ"é‘?”sstalﬁ'éfe@%WW'%the
washed with pure water and dried. 20 10 Subsequently, a coll oi dal
graphite paste was applied entirely onto the conductive polynmer film to
whi ch a negative |l ead el ectrode was attached through a silver paste. The
resul tant capacitor el enment was covered with an epoxy resin except for the
el ectrodes and aged by application of 20 volts at normal tenperatures for 2
hour s. S
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The characteristic properties of solid electrol ytic capacitors wth or
W t hout the retreatnent of chem cal €§ %gggm on are shown in Table 3.
Ten sanples for the respective meas bt &R were used. Table 3 30

Retreat ment of Chem cal No Retreatnment Conversion 120 Hz
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uF V= E"a%"eaA F u Alnitial Charact-
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6. A squar etinyed for 3fto 2¢raimites] um capaci tor etched in an ordi nary manner and
havi ng r at i ngJheresukgpolymier fim wasvapheg with analcohptand dried, aftet which the guterfwashier wapramovedp |
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solution and thermal |y deconposi ng the manganese nitrate at [err] once,
twice, three tinmes, four tines or sevenTablest thereby formng a nan-
ganese di oxide layer or filmon the anodized film The outernost washer was

renoved fromg ‘f“crr' "' $§{Neu“ et-ectporytT ri-Zatrsn~under” t he
' 91:n I'rel -mif 2 'G\'? ive

fol- |owpng cq& oe orma cond polymer filmon the
manganese di OXfg ate An electrolytic polynerization conposition
was conpose —Hmﬂﬁg g&ﬂ WI"I‘OI‘E‘an'd"'O"fI."nUI‘E’/‘I'l"l"EF or=--""-
tetraet hyl a ] E ona € di ssel ved iBn2acet8a¥tril €.3A counter
el ectrode used was a Phagl @ceg)trode.and a potentjigal foyethe pogitive

el ectrode was at 3al voI ts. The pol yneri qu} ison rgagtion gap con-

ti nued for 301t %20 mr‘ s. The resul ts pol yner |5Im2§s washgd' wi th an
al cohol and dried, aft&®R® ) he oﬁtervvas‘hervva@sr enov 20 whi ch the

i nsul ati on g-e ~the-eonducttvepoi-ymer-frtntcoul d
be ach| evedbgéﬂﬁ té%@%@?!‘?ﬁ Eﬁmg ﬁ pgst e g o t felcondueti ve

po Yilm a negati V“P“ﬂ £l ect gode attacfied togt Be conductive

pol ymer film ugh arﬁs( vbeg paste The resultar\% apa%i ors were

subj ected to Bir ene acitor characteristi®ts with the results

shown in Table 4 bel ow.tafof ari son, the abovd® ¢ oce®ure was™repeat ed
except that Re-eoRctrct+e--polyrer~ £ R NG ~OFABHn = m = e u e e m———————

The results of the above table reveal that the capacitors of the invention using the conductive polymer films
are higher in capacitance and lower in the value of tan 3, making it possible to reduce the number of the thermal
decomposition operations of manganese nitrate.

50 In order to evaluate moisture proofing, the capacitors were not covered with a plastic resin and allowed
to stand under conditions of 43°C and 9@% R.H. As a result, it was found that the conductive polymer film-
free capacitors increased in the value of tan 8 with a reduction of leakage current within 24 hours. On the con-
trary, the capacitors made by the method of the invention using the conductive polymer film kept the initial
characteristics over 5@ hours.

55 As will be apparent from the above example, since at least three insulating plates are provided at the con-
tact portion of the valve metal foil and the positive lead electrode. The lead electrode is used as one of elec-
trodes for the electrolytic polymerization reaction. Thus, a conductive polymer film can be formed very simply
on a manganese dioxide layer. In addition, the capacitor is substantially entirely covered with the polymer film,

1
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8 6 4.5 1 Kbhossezssmc(u F) " -
6.3 - tan[err](% 9.8 9
- 45 The rewat ﬁot A Belarl bo 433 'c;n%%o% g.nhe ———
i nvention usi gtl cﬂ&-uﬁ:{cﬁ ‘;; fbﬁ&? f‘?ﬁk&%

over in tNgalitfue Ao siaoflfammessne ﬁc&&erf Nl

the ther rralfmﬁe&.asmﬁh& {de n%ﬁh%@hbé?rhﬁ gmﬁywmsnthé@ienem dxide Aint! 8"
to eval yat eohdictive Hﬁlﬁnd? KRObIiRE on thb MagaREs tioAdelaybyRleBiedtytic BolRNeALhtioN, ikt tarminals

pl asti c r eSbredbiitha vandiRglal inembér aRdthé! Eshiictidepdfyimier A, STespbotitél) CurtharcbopriéinRRa ion-AS
a result, idonduetive pélyhied filntydvidedibetweaan tHadiahganega@ioyii®iayef arldithe chidaétive pgyivier il The

i ncr eased isealid eieetralyticdapacifor iis miprdved in fapatifoicharactersticst A methaf forn@akfaxtiing the sain blec-
Wi thin 24 hoiyeds alsodescriedmberein the songlyctivé velymarsiir isreadiy fomedbonitlye nahganessidivaide leyer.
the invemtion using the conductive polyner filmkept the initial
characteristics over 50 hours. 55 As wi || be apparentfromthe above
exanpl e, si¢lei®sat | east three insulating plates are provided at the con-
tact portlon of the valve rretal foil and the positive, Iead el ectrode. The

| ead el ectr d lor ¢ ‘°"é’f‘@ se ?Eﬁﬂ "’dﬁme \ °FBI‘r ’(?'Eeumembe’

pol ymer i'zati o 1’%“5 Wmm?ﬁ glem%z %,, % nc e er m%)y
ly on a
::J[)ns)t )almt i all ;ﬂf {&7? eman ? er rcgnal rth rQ n Eanon-c g;:/ %mBl
so that not o Eﬁ, %Tﬁ ﬂcﬁﬁecop ?%?
i can S oDt al ne

m)lsturg,proor h|5|n entlonre atestoa oI|d

el ectrolytizz aagsdht blétroiic EpadkorEdtordiySo daifalp ARéréiNsaidiaRe®Bdlal mehiter QPP Madd

el ement i ncl uGketal selastl ¥rom aighdup BansiEwg ofdymiireandftanfalimi Ng a di el ectri c oxi de
filmthereon, a dielectric oxide filmformed on the valve netal nenber, an
manganese d oxheieelid sleatmivticnapasir aprording tafalm &avhereln seidgonguctiveipglymer fil;m (5) is obtained
conduct izwe po Ibg Aigstrolytic gxdatinn palymesization, f 4 RRaRameT @elected;fromthaaroun Gonsisting of pyrrole, thio-

el ectrol ytic [PBeRpRRd fergtivestherstiy terminals fornmed on the val ve netal nenber
. and the condu I

Conduct i ve pore m;,EQj**W o iR Ml Ve el o R g M e

t he conductive pol ynerfi m The solid eI ectrol ytic capacitor Is inproved in
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9. The method according to ¢laim 7, wherein said manganese dioxide is formed as islands on the anodized
film. _

°—:rfa

10. The method according to claim 7, wherein a plurality of electrodes are provided in contact with the man-

8 ganese dioxide layer (4).

11. The method acording to claim 7, wherein said valve metal member is made of tantalum or aluminum.
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(8). 8. The rremomvidﬂdd!etwaemge mangerieaé diexide layrandihe cantiustiverpoltinerditn €5).| m bear i ng

T L i e o S vt
corpeund ca
thermal 1y treaf®fge 8 g’@'t’f %"rdﬁlf’m?%a't‘:? inair to cause

manganese digXhfi€sdlideiettlolytic capabiior EERET th S&lm A WwHelif s8iB %Hm dolyEPHRF (s biitaiifeh

9. The method pagedrerticaiadten sdlyieRRation o\EYRERMEr sSRESH FFERTIBEGHGD BorisBhglofiRrrbis, thio-
formed a& i sl a@?ﬁegﬁuglmt.@g'éﬁ]&d ftlml m 10. IEI'he net hod accor dlﬁig6 to cl allm

7, wherein a plurality of electrodes are provided in contact wth the man-
ganese di oxi4le Thesolid elgclrplyticcapaciiphaccording o ¢lare b milereig saicomarigariese dioxidedayerd4)iis is the d
val ve netal e/ of islandsprckecontinuqualayer] um or al um num so that not only

d t h t t but fi
L e S R e
conprises a ca e al
menber capably e m;sotaméaraﬁ.c Bapdkitl deordirlgto airh §l Wndrbih gaénhﬁ-aaetaweeoﬂhahmm thade

oxi de film for gespoyet dien HcANY SstelBintithabiiER8ter, aclonitNG GdRfmmiad) OXI de | ayer
formed omsthe dielectric oxide film a5 conductive polyner filmformed

on t he mangdhe danethodfor memufaciyring a éplid déctrqlvttcoapyclbmnm kcgmpeises peaviding | valsewietal member
t erm nal s f or mét ferming laeanpdizeddiim{) orl theryaive metabmember(d), fonmiet amanganepadiaxide faydri(4) m
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