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 The present 1nventlon relates to a solid electrolytic
capacitor using a conductive high polymer in the electrolyte
used in various electronic appliances, and a method of

manufacturing the same.

BACKGROUND OF THE INVENTION
- Owing to the advancement in digital appliances, recently,
capacitors having a low impedance and an excellent high

frequency characteristic even in a high frequency region are

- strongly demanded. To meet such market needs, capacitors using

‘conductive high polymers obtained by polymerizing pyrrole,

thiophene or aniline as the electrolyte are being developed and
commercially produded. _

Hitherto, a so0lid electrolytic capacitor of this kind
comprises, as disélosed in Japanese Laid-open Patent No.
63-158829, an anode electrode made of a valve metal having a
dieledtric oxide layer, the dielectric oxide layer formed on
this anode electrode, a conductive high polymer layer formed

by pyrolysis of manganese dioxide layer on this dielectric oxide

an anode el ectrode nade of a valve netal having a dielectric
~oxide layer, the dielectric oxide layer formed on this anode el ectrode,

a



by pyrol ysis of manganese di oxi de | ayer on this dielectric oxide
-1- | ayer, and a cat hode el ectrode placed on this conductive high

pol ymer |ayer. The conductive high polynmer layer is forned by electrolytic .

- process-in an electrolytic polynerization solution using nanganese di oxide
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surface of

high polymer 1ayér as compaﬁr:ed with chemical polymerization or
vapor phase pplymerization, and it requires a relatively simpl-e
equipment, aﬁd hence it is said to be beneficial for industrial
production.

In the prior art, however, the-fofming condition of'

manganese dioxide layer has great effects on the principal
' characteristics of the solid electrolytic cépacitor such as
capacitance, tén d and impedance.

That is, ﬁhen the anode electrode is formed by a method of
JEbbnding ﬁarticles of valve metal into a porous substance by
sintering, or a method of multiple etching pits by etching
process, such anode electrode has an undulated surface of an
expanded surface area of £ine pores or the like. The dielectric
oxide layer formed on the surface of the anodé electrode having
fineporesﬁasnmltiplefineporesandexpoéedpo:tionsreaching-
1_:he inner depth. In the prior art, the manganese dioxide layer
_fbrmed on this dielectric oxide layer is formed only on the
exposed portions, and 'nbt formed in the inner parts of the :Eine'

pores. The conductive high polymer layer is formed only on this

Yer



expanded surface area of fine pores or-the like. The dielectric oxide

| ayer fornmed on the surface of the anode el ectrode having fine pores has
mu tiple fine pores and exposed portions reaching the inner depth. In the
prior art, the manganese dioxide |layer formed on this dielectric oxide

| ayer is formed only on the exposed portions, and not formed in the inner
parts of th@ﬁﬁga@S@M1dﬁﬁéawmducTha§ 1$ ghipsiuphe conwgatipsalosokid onl y
on this - 2- manganese di oxi de

| ayer. Thatel%CtIQﬂ-lsm capaektonnalt s dossiduke dlo hiayec apacavbty m was
possi bl e-to have a cavity in the insi'de. In such conventional

consti t uti obe imed dehe IHROMCh Soayentdenals canssiputden, when Ahedanodéace,
sufficient capacitance and sufficient inpedance corresponding to the
expanded urRfetReAS uhBE eaBopXPARICAe Wilulakes FHIEaceher suffibedentri ous
probl ens also in the constitution of using _conductive high polymer as the
el ect rol yt ecapacitance saﬁén@élfa‘-ﬂ-@kﬁ@bt%Pe@ﬁécﬁnme@@m@ipﬂes@]tthesol i d
efectrol ytic capaC|tor exhi bi ting desi red effect sufficiently,
in the sol i ¢¥RE ‘?él”gﬁqlé%ﬁeﬁfépeu%?ﬁbdéwt be obtained. Thus, there

were serious problems also in the constitution of using .
conductive lligh polymer as the electrolyte.

It is hence an object of the invention .to present a solid
electrolytic capacitor | exhibiting a desired effect
sufficiently, in t_he- solid electrolytic capacitor using an
anode electrode having an undulated surface and a conductive

" high polymer as electrolyte, and a method of manufacturing the

same.

SUMMARY OF THE INVENTION _

The solid electrolytic capacitor of the invention
comprises:

(a) an anode electrode having a first undulated surface,

-{(b) a dielectric oxide layer placed on a first undulated
surface of the anode electrode, in which the . dielectric
oxide layer ipcludes a second undulated surface. -placed
continuously coinciding with the shape of the first undulated

surface,

(c) amanganese dioxide layer placed on the second undulated



anode el ectrode havi ng an undul ated surface and a conductive high pol yner

as electrolyte, and a nethod of manufacturing the sane. SUMVARY OF THE
| NVENTI ON - The solid electrolytic capacitor of the invention
conpri ses: (a) an anode el ectrode havi ng a first undul ated surface,
(b) a diel r he
anode el ectgﬁ%gheeod% \(/i'ﬂ% ﬁigaeeltﬂ%dggﬂflgcﬁféf (L;%q (L:;J(Jaﬂ@g %gél rrfaeh n?sé
second und @ggd SORt { NSS! ¥h £94 e t hape
of the fi rgéaﬁﬁgul a sur ace a ?Ha manganese cg’?oméc/iﬁe ayer p’I aced
on.the Secﬁﬂgcﬂa%ﬁfcﬁﬁlng with the shape of he second undulatéd s rface
surface of "the dielectric  oxide layer, In he nmanganese I OXI dé

| ayer incl geegné seitfdvAlE1bhedsupedLat 6 ﬁwtﬁeiectsehacsﬂi Qi érif
Wkt h. the shape of the second undul ated surface, on the secon u ted

surface of thedj eaeeéﬁaﬁc@ivéehhgnei:olymer 169bra SPACE Lo Strd Gbh B Y Ter
Iayer pl aced on the t
undulated surface of the manganese dioxide layer, in which the
conductive high polymer layer is placed on the t-hird undulated
surface of the manganese dioxide layer, and

(e) a cathode layer placed above the conductive high polymer

layer.

The manu'fac_turing method of solid electrolytic capacitor

of the invention comprises:

(a) a step of supplying an anode electrode having a first
undulated surfacé,
- (b) a step of forming a dielectric oxide layer on the first
undulated surface, in which the" dielectric oxide layer
includes a second undulated surface coihciding with the first
undulatec_i surface, |

(F:) a step of forming a manganese dioxide layer on the second
undulated surface, in which the manganese dio,xide layer
includes a continuous third undulated surface, placed
coincid:.ng with the shape of the second undulated surface, on

the second undulated: surface,

(d) a step of forming a conductive high polymer layer on



undul at ed surface of the manganese dioxide |ayer, in which the conductive
hi gh pol yner |layer is placed on the third undul ated surface of the .

. manganese di oxi de | ayer, and (e) a cathode l|ayer placed above the
conductive high pol yner | ayer. The manufacturing nmethod of solid .

el ectrol yt ikfeCaRacht Ahau1akebNeuir?ueRt i 0Dy CURIdSeS the @nﬁétt(;bﬁ% gf

suppl ying an anode el ectrode having a first . . undul ated surface,

step of fORAiGAYP®19mekeEhes 93i deotiy® orP R He & iir'ss un g & %ﬁgﬁ{ce,

in which the, dielectric oxide |ayer includes a second undul ate ace

cai'nci di ngo# thet MAnbahdkse WidWidecdayef 288 (c) a step of fornming a
manganese ((:I)i oxi ge I"a?gr on the second%L undul ated surface, in which the

- manganese di oXi(@g havap of BekMEAG & EXHJdY QHGehabevenchid ApthaifAce.

ptaced coinciding wth the shape of the second undul ated surface, on
t hé secondndtupai§thesunges:. (d) a step of forming a conductive high

pol ymer | ayer on _ -4-

: Preferably, the manganese diqxide layer is placed in
contact with the entire. surface of conca\}e. and convex portions
of the sécond_undulated surface._

Preferabiy, the c_:onductive high polymer layer is placéd in
contact with the entire surface of concave and convex portions
of the third undulated surface.

Preferably, the first undulated sﬁrface has a surface with
a plurality of fine pores and exposed portions. _ |

-Prefefably, the anode electrode having the first undulated
.surface has a porous sinter of valve metal or a roughéned metal
- ifoil. _ _

Preferably, the conductive high pblfmer | layer has a
'conductive high polymer layer formed by electrolytic
polymerization. |

Preferably, it aJ:so includes a step of impreg'nating the
mahganese dioxide layer sufficiehtly inaé6.5wt.% to 26 .5 wt-.%
aqueous ‘'solution of manganese nitrate at 10°C to 40°C
sufficiently, and liftj_.ng, and a subsequent step of removing
the excess portion o:f:"aqueous solution of manganese ﬁitrate

adhered to the surface and a step of heating to more than 80%



the third undul ated surface, in which t he conductive high pol yner
| ayer is forned on the third undul ated surface of the manganese di oxi de

| ayer, and (e) a step of forming a cathode | ayer .above the conductive’
hi gh pol yner | ayer. Preferably, the manganese di oxi de |ayer is placed
in contact with the entire surface of concave and convex portions of the

second undglrat SerSifd £5 € temperafti@eer@Piyin t ke gondHe! iafa hipgh-FRmATRy
| ayer is placed in contact with the entire surface of concave and convex

portions e@krohgstiBi FerutHebat pdnstteEase. more akbr sborabby. the first
undul ated surface has a surface with a plurality of. fine pores and exposed

porti ons. | IRreiss ebhytithe idnodrd alerifaedtaring nethba,fa mdndgdiidat ed

surface has a porous sinter of valve netal or a roughened netal ~foil.

Pref erabl y giflxd deondiyeirt Veali b [FUnigd difyEhe hantd reC GdbEA¢e €olti Gthe
pol'ymer |ayer fornmed by electrolytic polynerization. - Preferably, it

al so i ncl udmdud atedp sirfags egfatthey dxhide MEAYMANGRIEt WX démbg¥aly the
sufficiently in a 6.5 w.%to 26.5 w.% aqueous solution of manganese

nitrate at diglectirict oxiidé efilnCofsthéiaricid ejlecardde havngg fiwe pores
subsequent step of renoving the excess portion of aqueous sol ution of
manganese miz randulatiedr eitfindéde swdcacdimgliys sthep ofomdattiget chigh e
t han 80% . _
polymer layer by electrolytic polymerization is formed securely
from the inner.s_urface of fine pores to the' outer surface. As
a result, a capacitor having the capacitance, impedance, leak
current -and other characteristics exactly as designed is

obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a sectional view showing principal parts of a solid
.elecfrol.ytic capacitor in an embodiment of the invention. -

. Fig. 2isa sectional view showing principal parts of a solid
electrolytic capacitor in a comparative example of | the
invention.

_ Fig. 3isa seétional view showing principal parts of a solid
eléctrolytic capacitor in other comparative example of the
invention.

Fig. 4 shows the process of manufacturing method of solid

electrolytic capacitor in the embodiment of the invention.



-B- of pyrolysis tenperature within a nminute and performn ng
pyrolysis for three mnutes or nore at 30010[err]C In this
constitution and manufacturing nmethod, a nanganese dioxide |ayer can be
fornmed.on the entire surface of the wundulated surface of the oxide film
wi t hout damaging the dielectric oxide filmof the anode el ectrode having
fine pores or undulated surface. Accordingly, the conductive high

pol ymer | Beferenee Naperglis polynerlzatlon is forned securely fromthe

i nner surface of _fine pores to % E outer surface. As a result, a capacitor
having the pac?‘ '&H%%‘?‘“ @1l eak current and ot her characteristics
exact | y as desi ' gbt alg BRI EF DESCRI PTI ON OF THE DRAW NGS :
Fig. 1is a%ect B ‘é-'f-atﬁ WPﬁg principal parts of a solid electrolytic

capacitor in ﬁnbodl nment of the invention. Fig. 2 is a sectional
vi ew showi n92$r| tPPaPOPBrts of a solid electrolytic capaciter in a

conpar ati ve exanpl e of .t he nventi on.
. P eb anposed port.LLon '

Dielectric oxide £ilm

3

4 ‘Manganese dioxide layer

5 Conductive high polymer layer
6

Cathode layer

DETAILED DESCRIP’J.‘ION OF THE INVENTION

A solid electrolytic capacitor in an embodiment of the
invention comprises

an anode electrode having a first uﬁdulated surface of

~ porous sinter of valve metai or roughened metal foil,
a dielectric oxide layer having a second undulated surface
placed on the first undulated surface of the anode electfode,

a manganese dioxide layer having a third undulated surface
placed on the second undulafed surface of the dieiectrié o_xide
layer, _

a conductive high poljrmer layer. formed by electrolytic
polymerization in contact with the third undulated surface of
the manganese dioxide _layer, and

a cathode electrode placed on this conductive high polzmér

layer. The conductive high polymer layer has a function as an



Fi"g. 3 is a sectional view showi ng principal parts of a solid electrolytic

cdpacitor in other conparative exanple of the invention. Fig. 4 shows
the process of manufacturing nmethod of solid electrolyti C capacitor in the
enbodi nent of the. invention.. : - 6-

Ref erence Nunerals 1 Al um' num netal. foil 2 Undul at ed surface 2a Fine
pore 2b Ex sed ortlon . Dielectric oxide film 4 - Manganese

.di oxi de | afg‘re yt eCionduct i ve high polyner |ayer ) Cat hode | ayer

CETA LED DCSCRET AN il MR LB bace of 860" shibe S abotide SO0

widened surface having fine pores and exposed portions. The
.~ 'dieledtric oxide film also has the second undulated surface
placed on the first undulated surface without gap. The | "
mangainese dioxide layef further has the third undulated surface
placed on the second undulated surface without gap. Moreover,
the conductive high polymer layer is placed on the third
undulnted surface without gap. In this constitution, the all
sunface region including the fine pores of the expanded first
undulated surface of the anode electrode acts effectively for_
the canaditor characteristics, and, as a result, the solid
elecfrolyti'c capacitor having the characteristics exnctly as
designed, such as the capacitance, impedance and leak current,

- will be obtained.

‘ Preferably, the manganese dioxide l_ayer is -contained by 5
to 15 ng per unit surface area 1 mm’ of the dielectric layer.
Herein, "ng" stands for nanogram, and 1 ng is equal to 10 g.
If the content of the manganese dioxide layer is small than this
ran_ge, the manganese dioxide layer may not be_ formed -in the
entire surfane. If the content of the manganese dioxide layer
is more than this range, the manganese dioxide layer may be

) formed excessively so as to plug the openings of fine pores.
Therefore, by containing the manganese dioxide layer in a range

of 5 to 15 ng per unit surface area 1 mm® of the dielectric



I fvention conpri ses an anode el ectrode having a first undul at ed

surface of . porous sinter of valve netal or roughened netal foil, a
diel ectric oxide layer having a second undul ated surface placed on the
first undul'ated surface of the anode el ectrode, a manganese di oxi de

| ayer having a third undul ated surface placed on the second undyl ated
surface of leyerdi sheccapacdtode havipg the Ch%r%m?F%%s'hﬁﬁﬁcggVyﬁér
| ayer forned by electrolytic ol ymerization in-contact with the third
undul at ed desfigoedowilin enﬁﬁegﬂr@@-di oxi de | ayer, and a cat hode

el ectrode placed on this conductive high pal yner *aer. ,Thefcond ctive
hi‘gh pol yrer .| Byeferably. f (e i BAngangfe dioxide ofa¥eF o} ofOTMEATRY ¢ gt

undul at ed surface of the anode el ectyrode has w dened surfﬁcea havi ng fine

" pores and ®¥FEIFFigor 0forRAUGPRS (FRARELCR ¢ Wxi APNIIRT s t%e 3®cond
Tongancee SOHERETARIER [ GF1 rors hckd 1 RE-Bni ¥ Bndul APodCRIP! EhOf| B4 on
polymer | agSRGeRtRkiaR -onth e ATHRARS OLMELGh. ol (aBSRRERE et
this const igeuxtniteoarlc’est ng{%‘i{r into the firne pores, and the manganese dipxide
layer is formed on the entire surface of the dielectric oxide

layer.

Amanufacturing method of solid eiéétrolytic capacitor in
the embodiment of the invention includes:

a step of supplying an anode electrode having a first
imdulated surfécé of éporous sinter of valve metal or roughened
metal foil, | |
a step of forming a -diel'ectric oxide layer having a second
undtila’ted surface of a continuous shape coinciding with the
shape Qf the first undulated surface, on the *first undulated
surface, by forming treatment of the anode electrode having the
first undulated surface, . |

" a step of forming a manganese dioxidé layer havihg a third |
undulated surface of a contihuous shape on ~.the second undulé.ted
surface .o:E the dielectric oxide layer by pyrolysis treatment,
by impregnating the fofméd dielectric oxide.layer in an 'aquebus

solution of manganese nitrate at concentration of 6.5 to 26.5



sur f ace region including the fine pores of the expanded first undul ated
surface of the anode el ectrode acts effectively for the capacitor

characteristics, and, as a result, the solid electrolytic capacitor having

the characteristics exactly as designed, such as the capacitance,

i npedance and | eak current, wll be obtained. Preferably, the
manganese ®iteRi.de | ayer is contained by 5 to 15 ng per unit surface area 1
m2 of the dielectric |ayer. Herein, "ng" stands for nanogram and 1 ng is
equal to 10[er B s§ep Pf formingt2nconduchivednighpelyheri layényen tise snal |
thdn this range, the manganese di oxi de |layer may not be fornmed in the
entire surftided undnlateshtserfacet b hhegarangantexi ddokider layembe t han
this range, the manganese dioxide |ayer may be for.med excessively so as to
plug the opasisigg ofurreatpoils. thehcnanganesey @boxifiei nhayer nimgaamese
dioxide layer in a range of 5 to 15 ng per unit surface area 1 nmmjerr] of
t he di el ectediectrolytic polymerization solution, and- | ayer, the

capacitor Navi g0 L L Al Gl o R8s Bladkrbae on ik Sonduct1ve nen ~°*
polymer layer. |
~ In this method, too, all the surface region including fine
pores of the. expanded first undulated surface of the anode
electrode acts effectively for the capacitor characteristics,
and, as a result, the solid electrolytic capacitor having the
characteristics exactly as'designed, such-as the ca’pécitance,
impedance and leak current, will be obtained. Moreover, the
condﬁc_:tive high polymer layer corfespon_ding to the .entir.e
surface including the fine pores of the anode eléctrode can ‘be
" 'formed. -As a result, the solid electrolytic capacitor flaving
excellent characteristics will be obtained.

Preferably, | the aqueous | solution of maﬁganese nitrate
permeates into the anode electrode in a temperature range of
10 to 40°C. 1In this range, the aqueous solution of manganese
nitfate 'permeateé in a short time, | and i)reakage of the
diel'ectric oxide layer is prevented. |

Preferably, impregnation of the aqueous solution of

. manganese nitrate continues until sufficiently permeating into

the fine pores of the anode electrode. By this method, the

- 10 -
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Pr.ef erabl y, the manganese di oxide layer is formed by pyrolysis of aqueous
solution of manganese nitrate at concentration of 6.5 to 26.5 w.%
In._this range of concentration, the aqueous solution of nmanganese nitrate
perneates deeply into the fine pores, and the nmanganese di oxide |layer is
formed on the entire surface of the dielectric oxide |ayer. A

manuf act ur imeggaeteseddabxidei Hapérecis doymed onpdie emtire sthfaesbmflitnt of
the invention includes: . a step of supplying an anode el ectrode having
a first urhodet edexhrfodtes of . a porous sinter of valve netal or roughened
metal foil, . . a step of formng a dielectric oxide |ayer having a second
undul at ed surfaPc@f@tra@Jdbnafrte@'usmpnegeatnonmﬁjrtﬂn@ agqueotbesoKinkpen aff t he
first undul ated surface, on the first undul ated surface, by formng

t reat nent sfanganesendtorset intle the engdersledtrade utbel exeess pdmcian

a step of fornming a manganese di oxi de | ayer having a third undul at ed
surface.of of dat iGENRANS RGN Hf Janganesedulidinate adhered twf tthe

di el ectric oxide | ayer by pyroI ysi s treatnent, by i nmpregnating the forned
di el ect ri c SHaTRCe |of he R %q%b%@%rOd%oi%tmmpYﬁdnarﬁgertéﬁ@ methad, at
concentr_atlon of 6.5 10.26.5 - 9-

plugging of the openings of the fine pores is prevented when
forming the manganese dioxide layer. |
Preferably, the pyrolysis treatment is performed at high
humidity. By this method, a dense manganese dioxide layer is
formed. As a result, the capacitor characteristics are
enhanced. |
Preferably, the pyrolysis treatment is performed in a state
of high humidity with the steam content of 85x10 vol.%. By this
.method, a dense manganese dioxide layer is formed. As a result,
) -]the capacitor characteristics are enhanced.
Preferebly,_ in the pyrolysis treatment, by heating up to
80% of the pyrolysis temperature in 'a minute, the pyrolysis
_temperature is held for at least three minutes. By this method,
the dense manganese diex:l:de layer i'_s formed securely into the
inner parte of the fine pores.
.Preferably, the pyrolysis 'I':emperature' of the pyrolysis
treatment is 300:10°C. By this method a dense manganese

dioxide layer is formed securely.

- 11 -



W.. a step of formng a conductive high polymer |layer on the third
undul at ed surface of the nmanganese di oxide |ayer by passing current in
t he manganese dioxide layer in an electrolytic polynerization '
solution, and . - a step of forming a cathode el ectrode on the conductive
hi gh polymer |ayer. In this method, too, all the surface region
i ncludi ng fineaA gpeeifidt embodipemtiezf flilesinweadbionells sdescexibed hdlownode
el ectrode acts effectively for the capacitor characteristics, and, as a
resul t, thwhddlei defleaatingl yio dheagbrawiorgshavi ng the characteristics _
exactly as designed, such as the capacitance, inpedance and |eak current,
w | be obtai n&he dtnsbitutionef tbncagﬂtiid/elhcgnggmtymapmﬁé&or in the
corresponding to the entire surface including the fine pores of the anode
electrode embodimendr of dhepbnventionils described whidetretexring 404819 or
having excellent characteristics will be obtained., - Preferably, the
aqueous sollutpoRigi 4mnddnadecembedimentpef itha anode gleréradedeass@kidode
in a tenperature range of 10 to 40[err]C In this range, the aqueous
sol uti on ofelestgmidddc rapasitogefdngean iad uniaim metadeLoAAIRIRRRRE of
the dielectric oxide |ayer is prevented.

by etching is ‘explained below.

Fig. .1 is a magnified sectional view of principal parts. of

the sélid electrolytic capacitor in the embodiment of the .
invention. In Fig. 1, an aluminum metal foil 1 as an anode
electrode includes a first undulated surface 2 having multiple
fine pores 2a and exposed portions 2b formed by etching. A
dielectric oxide layer_ 3 formed by forming treatmgni: is placed
on the entire surface of the first undulated surface 2 of the
aluminum metal foii 1. This dielectric oxide layer 3 has a
..'second un-dulated surface coinciding with the shape of the first
undulated surface. A thin manganese dioxide layer 4 is formed
on the éntire surface of the secoﬁd undulated surface of 'f:he
dielectric oxide layer 3 (that is, the éntire surface including
the dielectric oxide J.ayer 3 formed in the_fine pores 2a). | The
manéanese dioxide léyer .has a thi:fd undulated surface
coin.ciding with the shape of the éecond undulated surface. The
" manganese dioxide layer has a manganese dioxide layer of a
| continuous shape, fonhéd on the second undulated surface. A

conductive high polymer layer 5 of polypyrrole, polythiophene,

- 12 -



Pref er abl y, inpregnation of the aqueous solution of nanganese nitrate
continues until sufficiently perneating into the fine pores of ‘the anode
el.ectrode. By this nethod, the _ _ - 10 -
manganese di oxide |ayer is formed on the, entire surface of the anode-

el ectrode. or po1fafi eiR8! ¥s fArhVd bAPERY A 1Y) uﬁfdﬁl'&%e%qﬂﬁﬂﬁﬁcé%?t?fg Of

manganese nitrate into the anode el ectrode, the excess portion o

aqueous Solndinigamhedle IBGEIEAE 18 yRIr 4 BY 13N AG 11 bBEymELE bage off gnode
eﬂect r ode ':ms#drg(earmved. By thi sY-rret hoid(', pl uggf&ng 0? tm openi ngs I%%{ﬁe- fine

pares i s progveneed iWBeN FALERRRY 4 NEatRIWSNERECEEOXé 08 £V rbon paste .
Preferably, the pyrolysis treatnent is perforned at high humdity. By this

nmethod, a deRes BRNGANGEE PhOKE dayeryAls blackd BRIthidScénd@sStive Hith
capaci tor characteristics are enhanced. Preferably, the pyrolysis
treéat ment igolyatehonag@r 5.2 state of .high hunidity-with the steam content
of 8 510 vol. % By this nethod, a dense manganese di oxi de .l ayer is

formed. As a mPewfielrably, the manganese dioxide layer is uniformly placed
on the entire surface -of concave and convex portions of the
second undulated surface, and more preferably placed in contact
without gap.

The conductive high polymer layer is imiforml;y placed on
the entire surfa_c'e of concave and convex portions -of the third_
undulated surfacé, and more preferably placed in contact
without gap.

The manganese diﬁxide layer 4 of the embodiment is formed
_by a weight of 5 to 15 ng per unit surface area l1 mm® of the

. dielectric oxide' layer 3. If the weight of the manganeée

dioxide layer 4 is less than 5 ng/1 mmz,. as shown in Fig. 2,

the manganese dioxid_e layer 4 may not be formed uniformly on
the entire surface of the second undulated surface of the
dielec-tric oxide layér 3, and, for examplé, the manganese
dioxide layer 4 -may be .formed in é.n ih_sﬁlar shape 4a.
Accordingly, there is a portion 5a not forming the conductive
high polymer iayer 5, | and the desired capacitanée or impedance

may not be obtained.

Or if the weight of the manganese dioxide layer 4 'is more

- 13 -



tﬁe capacitor characteristics are enhanced. Preferably, in the
pyrolysis treatnment, by heating up to 80% of the pyrolysis tenperatur

a .nm nut e,

bel ow.

ein

the pyrolysis tenperature is held for at |east three m nutes.

Fig. 1 1s anmgnifie

the solid ¢hRelacteristicaPaalt aot bel BDHtRAFRRE . "ent of the invention.
Fig. 1, an alumnumnetal foil 1 as an anode electrode includes a first.

undul ated surf aperéfbae, ntagTuthepldondition of forming the manganese

dioxide layer 4 completely- also on the surface 'of the
dielectric oxide layer 3 positioned inside of the fine pores

2a, what is 'important is the concentration of aqueous solution

By this method, the_dense manganese ‘di oxide layer is forned securely into
the inner parts of the fine pores. Preferably, the pyrolysis 4 -
t enper at ur Si 1 00 |G | od, a
dense. mngsiage SN B077 Ja GRSk ek 3 BPyOTtnG pog PohS! o'y A

Cfi . of . : i : ng to
Che. dr awi nge, TOTROR R e A A 1a7RY 4 By he R, i
th nmbodi i ' ti ' i j Il to. ki to
Lhe  embodogephoatuidiBorayont | 4B hglisee | tlodhots SRS ARt fodkihg
capaci tor. gl ngoﬁauaw%nqﬁ?gt Zi,oi%érr oyghepeds byaggchi | e L3P A1 Ned

|

sectional- view of princi plg? parts. of

In

of mangaﬁese nitraté for forming the manganese dioxide layer

4. The concentration of agueous solution of manganese nitrate

is preferred to be in a range of about 6.5 to about 26.5 wt.%.

When the concentration of aqueous solution of manganese nitrate .

is less than about 6.5 wt.% . the manganese dioxide layer 4 cannot

be formed on the surface of the dielectric oxide layer 3

uniformly by a small number of times of pyrolysis treatment.

When the concentration of aqueous solution of manganese nitrate

" is more than about 26.5 wt.%, the viscosity of the agueous

solution of manganese nitrate is too high, and the aqueous
solution of manganese nitrate cannot permeate sufficiently into

the fine pores 2. As a result, the manganese dioxide layer 4

-is not formed uniformly on the surfact-_z of the dielectric oxide

layer 3. That is, in order to form the manganese dioxide layer
4 uniformly on the surface of the dielectric oxide layer 3, it

is preferred to use the agqueous solution of manganese nitrate

- 14 -



fi.ne pores 2a and exposed portions 2b forned by etching. A dielectric
oxide layer 3 fornmed by formng treatnent is placed on the entire surface
of. the first undul ated surface 2 of the alumnumnetal foil 1. This
dielectric oxidée layer 3 has a second undul ated surface coinciding with
the shape of the first undulated surface. A thin nanganese di oxide | ayer

4 is fornegt cddverentaton Ui aCeadigel BE aB6@00s UHdM & ab el lsage .qf, the
dielectric oxide layer 3 (that is, the entire surface including the

dielectric oxie twyeitep fof Fodming thefl hafghness @BoxiddayBnganese
di.Ooxi de |l ayer. has a third undul ated surface coinciding with the shape of

t he secondprefieratadtsutiaat. tid caguengs sk thcixicke Madgahes@s na tharganese -
di oxi de |l ayer of a continuous shape, forned on the second undul ated

sw face. Aadhepddctio/etheglsyrfiaoeer ofaytre Sanéleotypyr ogdide pPhayéhi eghene,
-12- or polyaniline is formed on the third undul ated surface of the
manganese pyoslgsikajnrar dymesphereloft hdghohymedi te] i@n aeehtmdspheride

| i ke. Further, a cathode el ectrode 6 of carbon paste |ayer or silver
paste | ayecontaphdngd 8fxlithiwkdhdaft isteam.gh Ifdhgving | tlier manganese
| dioxide layer formed at humidity out of this hﬁmi_dity rangé,

the characteristics of the solid electrolytic capacitor are

slightly inferior.

Typical embodiments are desc:"ibed below, but it must be

noted that the invention is not limited to these embodiments

alone.

Em‘t;odilnent 1

The process of manufacturing | method of the so0lid
electrolytic capa_citof in .the embodiment of the invention is
shown in Fig. 4. A roughened aluminum metal foil is prepared.
The aluminum metal .f-oil has an-undulated surface 2 havihg
multiple fine pores 2a and exposed pori:ions 2b formed by etching
proéess so that thé surface area may be about 125. times. That
is, the aluminum metal foil has a roughened surface. In part
of the surface of th_e aluminum metal foi—l, an electric
insulating resist tape was glued, and the cathode electrode and

anode electrode were separated. Thus, an anode electrode 1

- 15 -



Preferably, the manganese dioxide layer is uniformly placed on the entire
surface of concave and convex portions of the second undul ated surface,
and nore preferably placed in contact without gap. The conductive
hi gh polymer layer is uniformy placed on the entire surface of concave
and convex portions of the third wundul ated surface, and nore preferably

placed in pawingtan wEEBeYivEadrea of 3. AnTRBYeMeFRasifatdedt@r $hek t he
enbodi ment is-formed by a weight of 5 to 15 ng per unit surface area.l1

mierr] of ahbge HRAGidde . Dxivae |Buirsbd 1h Bhe awtiedis ofolbEisRN@ENESE
dioxide layer 4 is less than 5 ng/1 nmmferr], as shown in Fig. 2, the

‘manganese dimmsndem ayhidfogeyphosphatéoatesoncen tratio®wrof (s ety at
surface of the second undul ated surface of the dielectric oxide |ayer 3,

arnd, for ejaguliia tékperapgeecse 70ICoxainE d dfeect-cayrbatfvoleage oM 2
I nsul ar shape 4a. Accordingly, there is a portion-5a not formng the
conducti vev Wwaghapplyea@rféon\20 ninwted.t hThdssi a el et iaoeidy layeadance

may not be obtai ned. O if the weight of the manganese di oxi de | ayer 4
I's nore 3 was formed on the surface of the aluminum metal foil. '

In sﬁccessioh. the anode electrode 1 having the dielectric

oxide layer 3 was immersed in an aquet;us solution of maﬁganese

nitrate at concentfation of 20'wt.% at liquid temperature of

25°C foi 3 seconds, and was lifted from the agqueous solution.

Then, the excess portion of the aqueoué solution.of manganese

nitraté adhered to the surface of the dielectric oxide layei

3 of the anode electrode 1 was removed by blowing out with air.

Then, within one minute after lifting the anode electrode 1

adhered with the aqueous solution of mangahese nitrate on the

ﬂsurface of the. dielectric oxide layer 3 from the aqueous

solution, it was heated to over 250°C, and treated by 'pyroly_sis

at 300°C for five minutes. Thus, the mangaﬁese dioxide iayer

4 waé formed on the surface of the.dieiectric oxide layer 3 of

| the anode electrode 1. The pyrolysis was treated in the
atmbsphefe containing about 85+10 vol.% of steam.

“Then. the anode electrode 1 having the manganese dioxide

layer 4 was immersed in an agqueous solution of ammonium

dihydrogenphosphate ai'concentration of 0.3 wt.% at liquid

temperature of 70°C} and a direct-current voltage of 10 V was

’ . - - 16 -



than 15 ng/1 nmm2, as shown in Fig. 3, plugging portions 4b may be forned
I n the manganese di oxide |layer 4 to plug the openings of the fine pores 2..
As a result, there are gaps 5c not form ng the -conductive high  polyner
layer 5, and the desired characteristics may not be obtained.
Therefore, as the condition of form ng the manganese di oxide |ayer 4 -
conpl et el y agipldiegh fiore10uminetest tThaus ditdieeanode elieddriodiece ha¥ipgsiiheoned
inside of the fine pores 2a, what is inportant is the concentration of
agueous solmanganess drbmg:ed@slaayierr 4t waisorref-dranmedl & hé)mahganmangdnesede

| ayer 4. The concentration of aqueous sol ution of manganese nitrate is
preferred tdidxiden hayengeaofceringtiovg highbaulyrers hayer SWmrade hef
concentration of aqueous solution of manganese nitrate is |ess than about
6.5 wt . & (PELYRYRENES L Hlmxvae Foyeeds byarmkrctinlybigenodymerdzetiibace of
the dielectric oxide layer 3 _unifornmly by.a small nunber of times of

pyrol ysi s tmethofnt On Mﬁwﬁéc@éﬁ@etmglappéﬁm@r karbds Berthenncarbon
manganese nitrate is nore than about 26.5 wt.% the viscosity of 'the
agueous sdl’%ﬁt%ﬁn@fS%ﬁ@’é%@%WPFQt@P%lQ%éemu&nti@ﬂd-Ytuhénécfu@é@§°de
solution of man anese nitrate cannot perneate suff|C|entIy into the fine
pores 2. As®le¢ ¢ 6 (Was rﬁﬂ%ﬂ&se Termingd s| yege placed dp fthendgvice

uni formy on t{ue surface of the I ctric oxide_layer 3. That_is, in
order to f &Y ﬁH‘?‘ﬁg ode dni Adediertaiq oxide dayeror

the diel ect:gl G OXIa%%sleaXJ.oxlde layer 4, and conductive high polymer layer

5. By resin molding of the outer surface of the device, the

casing was formed. Thus, the solid eléétrolytic capacitor was

manufactured.

Embodiment 2
In the foregoing embodiment l, an aqueous solution of
" -manganese nitrate having a-.céncentration of | 25 wt.% was used.
A solid electrolytic capacitor was prepared in the same manner

as in embodiment 1 except for this method.

Embodiment 3
' In the foregoing embodiment 1, an aquebus. solution of
manganese nitrate having a concentrat;l.on of 35 wt.% was used.
A solid electrolytic cé.pac‘itor was prepared in the same manner

as in embodiment 1 exbept for this method.-
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ey

ié preferred to use the aqueous solution of manganese nitrate

- 14 - at a concentration in a range of about 6.5 w.%to 26.5

wt.. % In the step of form ng the manganese dioxide layer, it is
preferred to treat the aqueous solution of manganese nitrate adhered to

t he surface of the dielectric oxide layer by pyrolysis in an atnosphere of
hi gh hum dity, géhl gogphere containing 8510 vol. % of -steam |f having
t he manganese IOXI ayer formed at humdity out of this humdity range,

the characteri S | I r algE
inferior. Sﬁﬂecy%%paéfitn?)ggl ?Y)Efﬁt gﬁ%r g%ieés?é% rslC gg%f%%ﬂ%ev butﬁ%u%@&rr%és%{e be

noted that ﬂf'&étﬂé’ a1t 56Pc | S Qo 1lidNeh @ th@1H3%E caphesitdR ias ﬁ*ﬂ:é’ﬁ&red
Embodi ment 1 ‘The process of manufacturing nmethod of the sol

3 A T oughens i Beh mblnbErag TR SRRt JF exbept en thisoar 710
Embodiment 5 )
In the foregoing embodiment 1, the time of immersing thé
anode .electrode ;Ln the aqueous solution of manganese nitrate
was 0.5 sec. A solid electrolytic capacitor was prepared in

the same manner as in embodiment 1 except for this method.

Embodiment 6

Ih the foregoing embodiment 1, the excess agqueous solution
of manganese nitrate was pyrolyzed without blowing away. A
- 501id electrolytic capacitor was prepared in the séme mannexr

' as in embodiment 1 except for this method.

- Embodiment 7

In the foregoing embodiment 1, the pyrolysis was performed
‘without applying humidity in the process of pyrolysis. A solid
electrolytj:c' capacitor was prepared in the same manner as in

embodiment 1 except for this method.

Embodiment 8

In the foregoing embodiment 1, the humidity in pyrolysis
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The al um num netal foil has an-undul ated surface 2 having nultiple fine
pores 2a and exposed portions 2b fornmed by etching. process so that the
surface area may be about 125 times. That is, the alum numnetal foil has
a roughened surface. In part - of the surface of -the alum numnetal foil, an
electric insulating resist tape was glued, and the cathode el ectrode and

RETAReRak Lol e tr vt e ol Ps°°§3£ﬁ%i%=é§8ﬁ#axgsj%a&%med.
Thi de_el e d . ' in. | ut i i
diuhydir ogendioR pre sad A Bt PRbS dfebeD 2 i hiBeA%mEhi"d Scnl e o o
/0ferr]C, a‘l[_}gl$ lﬁlé{ﬁg&_-current vol tage of 12 V was applied for 20 m nutes.
Thus, a dierectiric oxide layer 3 was forned on the surface of the alum num

metal foil. I n succession, the anode electrode 1 having the dielectric
oxide layer 3 was imrersed in an aqueous solution of manganese nitrate at

concentration 0 liquid tenperature of 25[err]C for 3 seconds,
ahd was | i ft_edoénrl%ér:?%eer%%eous solution. Then, the excess portion of the ™

aqueous sol uti ofy, 0} ,ERRYFRGRAng embodiment 1, the time required for
heating up to 250°C was more than three minutes after lifting
the anode eiect_fode from the agqueous solution, and the holding
time ai: 300°C was one min_lite. A solid electrolytic capacitor

was prepared in the same manner as in embodiment 1 except for

this method .

Embodiment 10
In the foregoing embodiment 1, the pyrolysis tem‘peréture
_ was 250°C. A solid electrolytic capacitor was prepared in the

same manner as in embodiment 1 except for this method.

Using various solid é],ectroiytic capacitors fabricated in
these manners, initial characteri.stics were measured. Results
a;'e' summarized in Table 1.  The measuring temperature was 25
to 30°C. The capacitance and tan d was measured at 120 Hz, é.nd
the impedance was measured at 400 kHz. '150 measure the leak
current, after appiying direct;current voltage of 63 V, the
‘current was measured 30 seconds later. In each one of these

samples of the embodiments, 30 capacitors were used, and the
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ni-trate adhered to the surface of the dielectric oxide.layer 3 of the
anode el ectrode 1 was renoved by blow ng out wwth air. Then, within one
m.nute after lifting. the anode electrode 1 adhered with the agueous
solution of manganese nitrate on the surface of thé dielectric oxide |ayer
3 fromthe aqueous solution, it was heated to over 250[err]C, and treated
by pyrol ysaverage30&[ 80r pfetes fisvehswnuifsTabhesl. t Ik mirgaenA B @d de

| ayer 4 was formed on the surface of the dielectric oxide |ayer 3 of the
anodeé el ecembddimentise Ipytrw! ¥si theasolidaeddcitrolligticacapagiitiosscad®d ni ng
akhout 8510 vol . % of steam Then, the anode el ectrode 1 having the
manhganese diomplétellyay®issgolwed | nands ¢thei riepositticamsusb! ofi canamss®ni um
di hydr ogenphosphate at.-concentration of 0.3 w.%at liquid tenperature of
70[err]C, aidxddei wast measwerdd \boyt testgamicl abdorpitEson method. '

- 16- applied for 10 m nutes. Thus, the anode el ectrode having the
manganese di oxi de |l ayer 4 was re-forfahle Ch t he manganese - di oxi de Iayer
a’ conduct i pe—h-gh—petyyei—--ayerrs L 8 e sy S R TSR Y 2T
el'ectrolyt|c oI merizgtion et hod. On [ he conducti h| J;We er
5 furt h)ér Cg.l‘ b)c/)n N Capacitance tan & Impedance culg:éfeknt 2?6 ga.nese y
’ (uF) (%) (mQ) dioxide
{na) 2
(ng/mm®)
Embodiment 1 10.35 0.9 8 25 “11.7.
Embodiment 2 11.05 0.8 a5 | 28 14
Embodiment 3 8.63 1.7 102 30 | 21.5
Embodiment 4 10.42 0.9 53 236 -
Embodiment 5 7.54 2.3 13 - 60 ' -
Embodiment 6 9.20 1.8 107 32 -
Embodiment 7 9.21 1.2 80 354 - -
Embodiment 8 9.59 1.1 74 267 -
Embodiment 9 8.59 1.1 95 53 -
Embodiment 10 8.27 0.8 88 42 ' -

As clear from Table 1, in the solid electrolytic capacitofs
manufactured byl'the manufacturing methods of embodiments 1 and
2, without damaging the dielectric oxide 'layer of the anode
electrode having fine pores, the manganese dioxide_ layer was
formed uniformly on the entire surface off the second undulated
sux_‘f_ace inclqding the fipe pores and éxposed portions of the
dielectric oxide layer. Accordingly, the conductive. high
polymer ‘layer in the éubsequgn‘t step of electfolytic
polymerization was securely formed on the entire surface of the

inner surfaces of fine pores and exposed portion surfaces of
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péste and silver paste were applied sequentially, and a cathode el ectrode
6 was fornmed. Termnals were placed in the device having thus fornmed anode
el.ectrode 1, dielectric oxide |layer 3, manganese di oxi de |ayer 4, and -
conductive high polyner layer 5. By resin nolding of the outer surface of
the device, the casing was formed. Thus, the solid electrolytic capacitor
was nmanuf ahéeuredird undukabedi menirface. | Alihecharagtdiendseibedi sEnt 1,
an aqueous solution of rmanganese nitrate having a concentration of 25 w.%
was used. cépaolitaneéectanly; iimpeatEnce anddegi epareht sathisfiede tienner
as’in enbodi nent 1 except for this nethod. Enbodi nent 3 In the
f or egoi ng éebidederdaldes an Bygoceudsasdl,uasoshaén imaepboddmenitsr At @i ng a
concentration of 35 w.%was used. A solid electrolytic capacitor was
prepar ed i thehe capaeifemser marufactwbedi mint Thexcepethiodst hos mhtilghd.

-7 concentration condition of aqueous solution of manganese
. nitrate, _high temperature condition, short iminersion time
condition, condition without removal of excessive adhered
pertion, insufficient condition of humidity in pyrolysis
process, long heating time condition to pyrolysis temperature,
or low pyrolysis temperature condition were inferior in some
of the characteristics of capacitance, tan 0, impedance and leak
current as compared with the capacitors manufactured in the

conditions of embodiments 1 and 2.

Thus, according to the method of the invention, without
'.damaging the dielectric oxide layer of the anode electrode
having the undulated | surface of fine pores and the like, 'a
manganese dioxide layer continuous to the undulated surface can
be formed on the entire surface of undulated surface including
the inner surface of fine pores and exposed portion surfaces.
Gaps in the undulated surface are decreased significantly.
Accordingly, the conductive high polymer layer by electrolytic
polymerization can be formed securely on the entire surface from
the inner surfaces of fine pores to the outer surfaces.

Therefore, the solid electrolytic capacitor having excellent
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Enbodi nent 4- = The tenperature of the aqueous sol ution of manganese
nitrate is 50[err]C. A solid electrolytic capacitor was prepared in the
sanme manner as in enbodiment 1 except for this method. Enbodi ment 5
In the foregoing embodiment 1, the time of imersing the anode el ectrode
in the aqueous sol ution of manganese nitrate was 0.5 sec. A solid

el ectrol yti r . rent 1
fl}n S net]fr:lféti@é ik &R% %&téi‘fséﬁ@? :Ji%l r?gg Fgga%me%cge

except for ol ng
enbodi ment dppd Cand f&é&?%‘ﬁrﬁ&hﬂt £8R pef oﬁeaﬂﬁaase nitrate was
pyrolyzed wt out ow ng away. A solid electrolytic capacitor was

prepared in the sanme manner - as |n enbodi nent 1 except for this nethod.
Emhodi nent 7 ~ |In the foregoing enbodi ment 1, the pyrolysis was
perforned wi t hout applying humdity in the .process of pyrolysis. A solid
el ectrolytic capacitor was prepared in the same manner as in enbodinent 1
except for-this nethod. . Enbodi nent 8 -
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|7 the f oregoi ng enbodinent 1, the hunidity in pyrolysis

- 18- _process was adjusted to 50% RH. A solid electrolytic
~capacitor was prepared in the same manner as in enbodinment 1 except for.
‘this method. Enbodi ment 9 ~ In the foregoing enbodi nent 1, the

time required for heating up to 250[err]C was nore than three mnutes
after |iftWHYT TReChbAGMEDel8etrode from the aqueous sol ution, and the
holding time at 300[err]C was one ninute. A solid electrolytic capacitor
was prepared in the same manner as in enbodinent- 1 except for this nethod.

‘Enbodi ment 10 In the foregoing enbodiment 1, the pyrolysis.tenperature
- was 250[err]C. 1A Jol 5oL &1 219 TRI ¥t 1Q RARAGH QR M HPin-the same .
manner as in enbodinent 1 except for this nethaod. "Usi ng vari ous

solid el ectrol {2 carappede ALe¢rEpde haing a first. undulated surface,
(b) a dielectric oxide layer placed on a first undulated

surface of_said anode electrode,

- said dielectric oxide layer havin_cj a second undulated
surface placed continuously coinciding with the ehape
of said firsf undulated surface,

(c)' a manganese dioxide layer placed on -said second
undulated surface of said dielectric .'oxide layer,
said manganese dioxide layer having a third
undulated surface placed continuously coinciding with
the shape of said second undulated surface, on said
second undulated surface of said dielectric oxide
layer,
'(d) a conductive high ;;olymer layer placed on said third
undulated surface of said manganese dioxide layer, ' .
said conductive high polymer 1ayer placed on said third
undulated surface of said manganese dioxide layer and
(e) a cathode layer placed above said conductive high

polymer layer.

2. The solid e_le.c"t'rolﬁrtic capacitor of claim 1, wherein

said first undulated surface has a éurface with a plurality of

A R
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t hese manners, initial characteristics were neasured. Results are

summari zed in Table 1. The nmeasuring tenperature was 25 to 30[err]C The
capacitance and tan [err] was neasured at 120 Hz, and the inpedance was
measured at 400 kHz. To neasure the leak current, after applying
direct-currefle Vbt Sipbba tprtidld ent was measured 30 seconds :
| ater. I.n each one of these™ sanples of the enbodi nents, 30 capacitors were
used, and the ' ' - 19 - " average of
30 pieces is shown in Table 1. In the sanples of enbodinments 1 to 3, the

selid el ectrol y§j c Thapgehtiar s1eeteo19enB! ehph¥idbesekvedaiand, t #RepeRasi t
anbunt of manganese di oxi de was neasured by atom c absorption nethod.

Table 1 said anode electrode having said first undulatedPepe®hbelRRENt -

Capacitance tan [err] | npedance - Leak of manganese

([er]F) 4%orous simfexrrdf valeamerdl. dioxide

(nA) (ng/mierr]) Enbodinent 1 10.35 0.9 48 25

11.7.  Enbodinment 2 11.05 0.8 45 ' 28 14.1

Enbodi nrent 3 8. 63 1.7 -102 30 ' 21.5 Enbodi ment 4
10. 42 0.9 4. THeSsolid Rléctrolytic capaEbihoti sENntclaim’ 154whereid. 3
113 - 60 Enbodinment 6 9.20 - 1.8 107 32 Enbodinment 7.
9.21 1s@id anodg(electr@iel having said first undulated surface has

a .roughen_ed metal foil.

5. ‘The solid electrolytic capaci'lfor of claim 1, whéfrein
- said conductive high 'p'olymer layer has a conductive high pdlymer

‘layer formed by electrolytic polymerization.

6. .The solid electrolytic capacitoi‘ of claim 1,
wherein said first undulated surface has first fine pores

and first exposed portions,

said second undulated surface has second fine pores and

second exposed portions, and
said manganese dioxide layer is pldced on an entire surface
of a surface of said second fine pores of said dielectric oxide

laYei' and a surface of said second exposed portions thereof.

7. The solid electrolytic capacitor of claim 1,

wherein said anode electrode having said first undulated
I
) O R
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Enbodi nent 8 9.59 1.1 74 267 _ Enbodinment 9 8.59
1.1 95 53 _ Enbodi mrent 10 8.27 0.8 88

42 ' As clear fromTable 1, in the solid electrolytic capacitors

manuf act ured by 't he manufacturing nmethods of enbodinments 1 and 2, w thout
damagi ng the dielectric oxide | ayer of the anode electrode having finé&
pores, the SiFffafedasdiadleastapne Rfs Porousedinteroph yadnet metaht and
surface off the second undul ated surface includi ng the fine pores and
exposed porfqughensd matakiifikiric oxide layer. Accordingly, the
cenductive high polyner | ayer in the subsequent step of el ectrolytic

pot ymeri zati on Gl SORGGLIVS hd@hoRodNReEni aYer has &:é‘oﬁﬂmv& high
surfaces of f| ne IEor_es and exposed: %Hétlon surfaces of - ' .
220 - polymer,qlayed r%° PRt electrpiyeic polyperizakignt eiinét ics . of

.'capaci tance, tan err%§ edance and | eak current _satisfied the desired

val ues. By contr ngapGAe ALOMIGE nkRYer 318 opPigced; \pn 'Ela%aémtéﬁi?
manuf act ur ed n. {: copcentration condition of '
aqueous solﬁ}fﬁﬂ’f’eopﬁafrﬁ?l;‘ie‘g’eel?\? ?%?egx%?iﬁh 2EfPer ature condition, short
i Mmersion tine
8. The solid electrolytic eapacitor of claim 1, wherein
said manganese dioxide layer is placed in a range of abdut 5

ng to about 15 ng in 1 mm? of said dielectric oxide layer.

9. The solid electrolytic capacitor of .claim 1, wherein
said manganese dioxide layer is a layer formed by pyrolysis of
aqueous solution of manganese sulfate in a concentration range

of about 6.5 wt.% to 26.5wt.%.

10. The solid electrolytic capacitor of claim 1, wherein
said manganese dioxide layer is placed in contact with the

entire surface of the concave and convex portions of said second

undulated surface.

11. The solid electrolytic capacitor of claim 1, wherein
said conductive high polymer layer is placed in contact .with

the entire surface of the concave and convex portions of said

third undulated surface. : .

| A A
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condition, condition without renoval of excessive adhered portion,

i nsufficient condition of humdity in pyrolysis process, long heating tine
condition to pyrolysis tenperature, “or |ow pyrolysis tenmperature condition
were inferior in some of the characteristics of capacitance, tan
[err],inpedance and | eak current as conpared with the capacitors
manufactured in the conditions of enbodinents 1 and 2. Thus,
according to the nmethod of the invention, w thout: damaging the dielectric
oxi de | ayer of 1he anademehafhcedeinbavimeghbtdie ofiduselbdl seldctsonfticne
pefes and the |ike, a manganese di oxi de |ayer continuous to the undul ated
surf ace carcapecitsrmecbmprisingntiltee stiepaceo®f undul at ed surface including
the inner surface of fine pores and exposed portion surfaces. Gaps in the
undul at ed sur f afe) auppdedmpandanodei électrdde haAcog di kgt widuTatefcti ve
hi gh pol yner |ayer by electrolytic polynerization can be forned securely -
on the entiserfacéace from the inner surfaces-of fine pores to the outer -
surfaces. Therefore, the solid electrolytic capacitor having excellent

- 21 - ' (b) forming a die_lectric oxide layer on _said first undulated
surface, said dielectric oxide layer having a second undulated
surface coinciding with said first undulated surf‘ace,

(¢) forming a manganese .dioxide layer on said second
undulated surface, said manganese dioxide lajrer having a third
undulated surface placed continuously céinciding with the shape
of said second undulated surface, on said second undulated

surface,
(d) foming a conductive high polymer 1ayer. on said third
undulated surface,. said conductive high polymer layer fdrmed
on said third undulated surface of said manganese dioxide layer,
and . | |
(e) forming a- cat.hode layer above séid conductive high

polymer layer.

13. The manufacturing method of solid électrolytic
capacitor of claim 12, wherein said first undulated surface has

a plurality of fine pores.

14. The manufacturing method of solid electrolytic

* c L M S *
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characteristics in all characteristics including capacitance, inpedance
and | eak current can be obtai ned.

capacitor Of. claim 12 .'Wherein said anode él‘ectr_ode _having said -

first undulated surface has a porous sinter of valve metal.

15. The manufacturing method of solid electrolytic
capacitor of claim 12, wherein said anode electrode having said

first undulated surface haé a roughened metal foil.

16. The manufacturing method of solid electrolytic
capacitor of claim 12, wherein said step of forming the

dielectric oxide layer ié a step of forming an oxide layer by

forming treai:ment .

17. - The manufacturing method of solid electrélytic

capacitor of claim 12,

wherein said step of forming the manganese dioxide includes
a step 0f adhering an aqueous solution of manganese nitrate

on said second undulated surface of sai'd dielectric oxide layer,

and

. a step of forming said manganese dioxide layer by pyrolytic

treatment of said aqueous solution of manganese nitrate.

18. The manufacturing method of solid electrolytic

capacitor of claim 12,

wherein said step of forming the manganese dioxide includes

a step of impregnating said anode electrode having said

* C L M S *
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-22- WHAT IS CLAIMED I S: . 1. Asolid electrolytic capacitor

conpri si ng: (a) an anode el ectrode having a first undul ated surface,
(b) a dielectric oxide |ayer placed on a first undul ated surface of said
anode el ect.rode, said dielectric oxide |layer having a second

undul at ed surface placed continuously coinciding with the shape

of said firdtelentutiat exkisde fbayer in afcpouweomsydardsy idinofienamganep aced
on said second undul ated surface of said dielectric oxide |ayer,
sai d mangarrestratieoinde dompentiratinn zangereff about 6.5 windultat 26. Swtface
ptaced continuously coinciding wth - the shape of said second
undul at ed surfacstemefstaling out saidsanofle eleictrode fyion s8ddodgyeadus
di el ectric oxide |ayer, (d) a conductive high polynmer |ayer placed on
saj d. t hi rd sebticn f Matganess cHixAtRn@@se di oxi de | ayer,
sai d conductive high polymer |ayer placed on said third

a step of treating said@ aqueous solution of manganese

nitrate adhered to said anode electrode by pyrolysis.

19. The manufacturing method iof solid electfolytic
capacitor of claim 12, - .. |

wherein said step of forming the cénductive high polymer
layer includes a step of forming said conductive high pélymer
on séid third undulated surface by passing current in said
manganese diogide layer while placing said anode electrode

having said manganese dioxide layer in a solution containing

monomer.

20. The manufacturing methéd of solid electrolytic-
'.capacitor of claim 12, | | .

wherein said anode electrode having saia first unduléted-
surface at least one of porous sinter of valve metal and
roughened metal foil, |

said step of'forming the.dielectric oxide layer includes
a step of forming an oxide film by forming treatment,

said.s;ep of formihg the manganese dioxide includes a Step

of impregnating said anode electrode having said dielectric

* [ L M s *
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uh_dul ated surface of said manganese di oxi de |layer, and (e) a cathode | ayer

placed above said conductive high polyner |ayer. 2. The solid
eLectrolytic capacitor of claiml, wherein said first undulated surface
has a surface with a plurality of _ - 23 -
fine pores and exposed portions. 3. The solid electrolytic capaC|tor

of clai m 1o 4heS Qigfersanda ﬁnaaﬁe%hgcEwéelﬁﬁ%f‘%é@g&méécﬁ %aﬁf%

surface has a porous sinter of valve neta

el ectrol yt idorcinddidlorPfafbai 6% hbowkes & wt 3344 zfsn%d& QJ e&ﬁa%&%ﬁ%@l
said first undul ated surface has a roughened metal foil.

solid el ectiyd YaqGe6@HaGONRALidn CHA ﬂhﬁgaﬁeséeln&tr%aded €ONdHEH & ﬁ
pol-ymer |ayer haS a conducti've high polyner |ayer formed by electrolytic
pol yneri zatyrffulated surface of said dialectic oxide layer, and a step of
treating said aqueous solution of manganese nitrate adhered to
said anode electrod_e by pyrolysis, and
said step of forming said conductive high polymer layer
includes a step of for_ming said condﬁctive high polymer on said
third undulated sui‘face by passing current in said manganese

dioxide layer while placing said anode electrode having said

manganese dioxide layer in a solution containing monomer.

21. The manufacturing method of solid electrolytic
capacitor of claim' 12, wherein said step of forming the
manganese dioxide layer includes a Step of iinpregnating éaid

| -anode electrode having said dielectric oxide layer in an agueous

solution of manganese nitrate in a temperature range of about

10°C to about 40°C.

22, The manufacturing method of so0lid electrolytic
capacitor of claim 12,

where:l.n said first undulated surface of said anode electrode'

has first fine pores,

said second undulated surface of said dielectric oxide layer

has second fine pores coinciding with the shape of said first

L
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6? The solid electrolytic capacitor of claim1, . wherein said first
undul ated surface has first fine pores and first exposed portions,

sai d second undul ated surface has second fine pores and second exposed
portions, and sai d manganese di oxide |ayer is placed on an.entire
surface of a surface of said.second fine pores of said dielectric.oxide

| ayer and g,surface of s%id second exposed portions thereof. 7. The
solid el ectrBPyPPECEapdlfior of claim1, ~ wherein said anode el ectrode
havi ng sai d first, undul ate . . -.24-

sufface has atsarlé%\ﬁqe@nQfogc?ﬁﬁlﬁ'a‘gstgﬁn‘f‘%’i’g%’?e%%l%mﬁfb‘?%ll% InGigRsRd
metal foil.,_ sai d conductive hi pol r Jayer has.a conductive high
pol-yner | a?_etst_re@r n%% wp’_é?%#%% & IMZ%*?%%O‘E%&“ an agygepus -
menganese otd8n B¥°hah§aRbaE H1 2ak%uRll 1 fas UL BESS s SRI L Y0 11 €
' .maﬂganese nitrate permeates into the inner surface of said

second fine pores.

23. The manufacturing method of solid electrolytic
capécitor of claim 12, |
wherein said step of forming the manganese dioxide l'aye:r:

includes
a step of adhering an aqueous. solution of manganese nitrate
on said second undulated surface of said die_léctric oxide layer,
a step of removing excess portioh of said aqueous solution
) of manganese nitrate adhered on said anode electrodé, and

a step of treating said aqueoﬁs solution of manganese

nitrate by pyrolysis.

24, '_The manufacturing method of solid electrolytic
capacitor of claim iz,
 wherein said step of forming the manganese dioxide layer
includes |
a step of adhering an aquéous solution of Imangaxiese nitrate

on said second undulated surface of said dielectric oxide layer,

and

) O R
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8. The solid electrolytic capacitor of claim1, wherein said manganese
dioxide layer is placed in a range of about 5 ng to about 15 ng in 1

mierr]

of said dielectric oxide |ayer.

capacitor of claiml1, wherein said manganese dioxide |ayer is a |ayer
formed by pyrolysis-of aqueous solution of manganese sulfate in a

concentration g agge

pl aced in ¢aRiAtle WahBreheon dHid setdidendullatted sonrtave BPhOERRONMEXis
portions of said second undul ated surface. 11. The solid

electrol ytisg @RRfidtOatosphdirg.l, wherein

layer is placed in contact with the entire surface of the concave and
convex portions of said third undulated surface.

_25.

25. The manufacturing method of solid electrolytic

- capacitor of claim 12,

wherein said step of forming the manganese dioxide layer
includes
a step of adhering an aqueous solution of manganese nitrate

on said second undulated surface of said dielectric oxide layer,

-

and a

step of treating said aqueous solution of fnanganese nitrate
adhered on said second undulated sﬁrface by pyrolysis in an

atmosphere containing steam by 85x10 vol.%.

26. The manufacturing method of solid electrolytic
capacitor of claim 12,

wherein éaid step of forming the manganese dioxide layer

includes
a- step of immersing said anode electrode having said

dielectric oxide layer in an agqueous solution of manganese

nitrate,
a step of t_faking out said anode electrode from said agueous
solution of manganese nitrate, and adhering said aqueous

solution of manganese nitrate to said second undulated surface

I

) O A 1
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off ahudtthd ¥Whido RubUBMsdiution oflGrarigunesd id

- electrolytic capacitor of claim1, wherein said manganese dioxide |ayer

sai d conductive high pol yner
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1?2.. A manufacturing method of solid electrolytic capacitor conprising

the steps of: (a) supplying an anode el ectrode having a first

undul ated surface, (b) formng a dielectric oxide |ayer on said first
undulated . surface, said dielectric oxide |ayer having a second undul at ed
surface coinciding wth said first undul ated surface, (c) formng a

manganese dbHxsaied | BT edtr S8 sk E@e Odyetincatdt ed surface, sai d nmanganese
di oxi de layer having a third undul ated surface-placed continuously

coi nci di ng wit & $tep I peatihgssaidsaneode alubtrids rawvimy saidagaedusecond
undul ated surface, (d) form ng a conductive high polynmer |ayer on

sdi d third sohgition edfsundngenesai dhictrechect upe to glpyralwesis | gyeatmented
on-said third undul ated surface of sai dmanganese di oxi de | ayer, and

(e) forni ngtempetdtaee | siehiaboae mslaiuteondndt ivelding smid npyrodysis
13. The manufacturing nethod of solid electrolytic capacitor of claim 12,
wher ei n sai tiréatmentntemperatyoe f for thxee amphutesi oy mbrei.ne .pores.
14. The manuf-act uri ng mnet hod of soI id electrolytic
27. The manufacturing. method of solid electrolytic

capacitor of claim 26, wherein said pyrolysis 'tréatment

' temperature is 300£10°C.

28. The manufacturing method of solid electrolytic
capacitor of claim 12, wherein said step (¢) includes a stép
of formin_g a manganese dioxide layer in contact with the entire

surface of concave and convex portions of said second undulated

surface.

29. The manufacturing method of solid electrolytic
capacitor of claim 12, wherein said step (d) includes é s_tep'.
of forming a conductive high polymer layer in contact with the .

entire surface of concave and convex portions of said second o

undulated surf ace.

A
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- 26- capacitor of claim 12, wherein said anode el ectrode having
said first undul ated surface has a porous sinter of valve netal.

15. Thé manufacturing nethod of solid electrolytic capacitor of claim12,
wherei n said anode el ectrode having said first undul ated surface has a
roughened netal foil. 16. The manufacturing nethod of solid
electrolytic capacitor of claim 12, wherein said step of formng the

.diel.ectric oxide |ayer is a siommfsﬂm'mmmrm careITdRer by formng
treat nent. 17. The manufacturing method of solid electrolytic

capacitor of claim 12, AND MEYHOD! CRIMANUFATTURING MHEY SIAME nanganese
di‘oxi de incl udes a step of adhering an aqueous sol uti on of manganese
nitrate. on said second undul ated surface of said dielectric oxide | ayer,

and a stgpsmépropngngapgsmme di oxi de | ayer by pyrolytic

A conductive high polymer layer as an electrolyte is formed
" on the entire surface of fine pores of a dlelectrlc- oxide layer
| of an anbde electrode having an undulated surface of fine pores
- orthelike. Asaresult, asolidelectrolytic capacitor having
- characteristics such as capacitance, impedance, and leek _
currert exactly as designed will be obtained. It comprisee a
maoganese dioxide layer-composed of a porous sinter of valve
metal or roughened meal foil, plaeed continuously on the entire
surface of the undulated surface of a dieleotric oxide layer
of an anode electrode having an undulate'd surface; a conductive
high polymer layer formed by electrolytic polymerization, in
;'cootact with'the surface of the manganese dioxide layer, and

-
]

a cathode electrode olaced on this conductive high polymer

layer.

Fig. 1



treatment of said aqueous sol ution of nmanganese nitrate. 18. The
ngnufatturing nmet hod of solid electrolytic capacitor of claim12,

wherein said step of form ng the nanganese di oxi de i ncl IOES f—St-ep—of

i npregnati ng sai d anode el ectrode having said - [REPLACEMENT SHEET§
-27- dielectric oxide layer in an aqueous sol ufipn of mangan ge |
nitrate in a concentration range of abdt 6.5 wt.%to '5"28%?4 \ 4t 4p
of taking out said anode el ectrode from said aqueous Solutton (%' ?mﬂgan se
nitrate, and a step of treating said aqueous sol utiformof—rergaress
nitrate adhered to said anode eIec%&oﬁg ag pygolysis. 19. The

manuf acturi ng nmet hod of solid el ectifollyt¥ce cdpacitor of clarmIZ,

wherein said step of form ng the conductive high polynmer layer includes a
step of form ng said conductive high polyner on said third undul ated
surface by passing current in said mnanganese dioxide |ayer while placing
sai d anode el ectrode

o
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havi ng sai d manganese di oxide [ ayer in a solution containing nononer.

20. The manufacturing nmethod of solid electrolytic capacitor of claim12,
wher-ei n sai d anode el ectrode having said first undulated surface at |east
oné of porous sinter of valve netal and roughened net dlgdedl EE
step of formng the dielectric oxide I wer i ncludes a 5&%&A WE@UkSﬁE.
oxide filmby formng treatnent, said step of formjnd the nanganes

di oxi de includes a step of inpregnating said anode el dctir @ig MAYi2081s4i
dielectric - 28- oxi de | ayer |i

an aqueous sol ution of nmanganese nT:rag%ain concentrlatTon range of abdut
6.5 w. to 26. 5wt.% and adhering! t que sol uti gn_of nmanganese
nitrate to said second undul ated surface of said dialectic oxide |ayer,
and a step of treating said aqueous solution of manganese nitrate adhered
to said anode el ectrode by pyrolysis, and
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said step of formng said conductive high polyner layer includes a step of
fori ng said conductive high polymer on said third undul ated surface by
passing current in said manganese dioxide |ayer while placing said anode
‘electrode having said nanganese di oxide |ayer in a sol utfes-cantajnjng
mononer . 21. The manufacturing method of solid elle®EPDAGEMENT SHEE
capacitor of claim 12, wherein said $fdp of forming the |ngmgamese u:f‘vIrI
| ayer includes a step of inpregnating said anode el ectrddsg g?ébggésald
dielectric oxide layer in an aqueous solution of nmangangs 2064
tenperature range of about 10[errF§:io£fbou 40[ err] C.
manuf acturing nmethod of solid elec paci tor of jclaim 12,
wherein said first undul ated surface of sai d anode el ect rote—fas——+st
fine pores, sai d second undul ated surface of said dielectric oxide
| ayer has second fine pores coinciding with the shape of said first

- 29-
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4 ne pores, and said step of form ng the nanganese di oxi de | ayer
ixcludes a step of inpregnating said anode el ectrode in an aqueous
solution of manganese nitrate until said aqueous sol ution of.

_ manganese
nitrate pernmeates into the inner surface of said second fine pores. - _
23. 7 The manufacturing nmethod of solid electrolytic capacitor of claim
12,

wherein said.step of form ng the nanganese di oxi de | ayer - includes
a step of adhering an aqueous sol utilgnd of .manganese nitrate - _on said second
undul ated surface of said dielectric oxide |ayer, a st eTHIS SHEETTBIMIS THEEN
extess portion of said aqueous solution of manganese nitijat'e aREBREAEHEDON
sdi d anode el ectrode, and ~a step of treating said aqueous solutron of
manganese nitrate by pyrolysis. 24. The manufacturing method of
selid electrolytic -capacitor of claim12; wherein said step of form ng
t he manganese di oxi de | ayer includes . a'step of adhering an'aqueous

sol ution of manganese nitrate on said second undul ated surface of said
di el ectric oxide |layer, and

Fig. 1
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'-i30 - a step of treating said aqueous sol ution of manganese
nitrate adhered on said second undul ated surface by pyrolysis in a noist

at nosphere. 25. The manufacturing nethod of solid electrolytic
capacitor of claim12, wherein said step of form ng the manganese
di oxi de |l ayer .includes a step of adhering an aqueous sol ution of
manganese nitrate on said second uwhl ated 'ﬁ+~saﬁgﬁrfelectric
oxi de layer, .and a step of treating sdi g% A d1As, ¢n of
manganese nitrate adhered on said second dul aREH-AG )y pyrolysis
I o~ an at nosphere contai ni ng steam by 8510 .vol . % 26. - The
manuf acturing nmethod of solid electrolytic . capacitor of claim12,
wherein said step of form ng the nanganese di oxi de | ayer i ncl udes

- Fig. 2
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a - step of immersing said anode el ectrode having said dielectric oxide
| ayer in an aqueous sol ution of manganese nitrate, - a step of taking
out. sai d anode el ectrode from sai d aqueous sol uti on of -manganese nitrate,
and adhering said aqueous sol uti-on of manganese nitrate to said second
undul ated surface - B e of, said
diel ectric oxide |layer, and a step heating paH§ SHtdeHAS BEENAde
havi ng sai d aqueous sol ution. of. mangﬁz se nitratg up. REPLQ@ED)I ysi
treatnment tenperature within a mnute, and hol di ng-sarapyrotysTs

D

tfeatnment tenperature for three mnutes or nore. ' 27. The _
manuf acturing nmethod of solid electrolytic capacitor of claim26, wherein
sai.d pyrolysis treatnment tenperature is 30010[err]C. 28. The

manuf acturi ng nmethod of solid electrolytic capacitor of claim 12, wherein
s&id step (c) includes a step of formng a nanganese di oxi de | ayer. in
contact with the entire

: . Fig. 3
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surface of concave and convex portions of said second undul at ed surf ace.

29. The manufacturing nmethod of solid electrolytic capacitor of claim

12, wherein said step (d) includes a step of form ng a conductive high

. polynmer layer in contact wwth the entire surface of concave and convex
portions of said second . undul ated surface. ' -
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Fig. 4

A step of supplying an anode electrode'hairing a first
undulated surface such as fine pores

l

A step of forming a dielectric oxide layer having
a second undulated surface, on the first undulated
surface :

A step of forming é.manganese dioxide layer having
a third undulated surface, on the second undulated
surface of the dielectric oxide layer

l

A step of forming a conductive high polymer layer,'
on the third undulated surface of the manganese
dioxide layer

A step of placing terminals




