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1 DESCRIPTION Solid Electrolytic Capacitor and
Process for Producing the Sane 5 Technical Field The
present invention relates to sglid electrolytic
capacitors and a process for groducing t he sane
capaci tors. Background Art 10 El ectronic devices have
been digitized recently, and this market trend
demands capacitors used iDESGBIBTHON ces to have a | ow
i npedance at a high frequency region and a greater
capacity in a downsized body. In order to neet this
demand, plastic-filmcapacitors, m ca-capacitors, or
| am naSeliddélesirplyticcGapasiton anddtrocesscfdr Ropducingithe Same
those capacitors, alum numelectrolytic 15 capacitors,
alum num solid electrolytic capacitors, tantalumsolid
el ectrolytic capacitors are also used for neeting the
flse elbmand. An alunminumsolid electrolytic
capacitor is formed by this nethod: positive and
negat ilhe Bresent cawentipn heelatesd torestdidofeledtuolytianeapoacitors and a
are wound up with a separator therebetween, and a
pregepeifospredueingttheisgmeseappaciters20 al umi num sol i d
el ectrolytic capacitor and a tantalumsolid
electrolytic capacitor aimto inprove the capacitor
roperties at a high-frequency region. The
ﬂ@ﬁﬂpﬁpﬂﬁﬁiof t hose capacitors is nade of solid
el ectrol yte such as_conductive  polynmer or nmanganese
OXi deElef’%én@od@IYF@W \havp hegmedigitizad raeantlyy and this market trend
Eolynerizing pol ynmeri c nononmer such as pyrrole or .
HNBPHE AP AITS disedein thusegleviessite havejaclow ompedance at a high
:ﬁapacitors_have been devel oped and_are now_avail abl e
RAREREY regiomeand p greateg capadity Bn shdawssized bedp ol erder to meet
capacitor_element to be used in solid 2 electrolytic ]
demand . plasgic-Em gapasiterspaninaeeamiagitovs,eqr daminated ceramic

capaci tor . .
capacitors are used. Other than those capacitors, aluminum electrolytic

capacitors, aluminum solid electrolytic capacitors, tantalum solid electrolytic
capacitors are also used for meeting the foregoing demand.

An aluminum solid electrolytic capacitor is formed by this method:
positive and negative electrodes etched and made of aluminum foil are wound
up with a separator therebetﬁv.een,. and a liquid electrolyte is used. An

aluminum solid electrolytic capacitor and a tantalum solid electrolytic capacitor

~ aim to improve the capacitor properties at a high-frequency region. The

electrolyte of those capacitors is made of solid electrolyte such as conductive
polymer or manganese oxide; the cbnductive polymer is formed by polymerizing
polymeric monomer such as pyrrole or thiophene derivatives. Those solid
electrolytic capacitors have been developed and are néw available in the

market.

Figs. 6A and 6B show structure of a capacitor element to be used in solid
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el enent and Fig. 6B shows a sectional view of the

el ement shown in Fig. 6A taken along |line Valve netal

31 is roughened by etching progess, and has anodic

oxide film32 (hereinafter ref&red to sinply as

"film') on its surface. 5 Insulating tape 33 di sposed

on film 32 divides valve netal 31 into anode | eader .

Ploctenitic sppacitors. o BigerfiA sbowisoa paBpediive haewuef see capacitor

of film32 of capacitor elenent section 31B, the o

fedemeni apd thig. BBy shews pesactionabiview vhithe mlement showd in Fig. 6A

el ectrolyte | g 4 made of conductive polyner, and
alongling 6 G5 Malke metal-3kis trorghenpdrbraakehing process, and

silver paste | ayer. Capacitor elenent 36 is thus 10,

desanodicraxade filladd2 (heygimafter aefered tneimply\as idmel omgs surface.

are coupled to an anode term nal and _a cathode

{aswiptiag tape gocdippesed anBim Salimides idveumstal 3hpato angde leader

element 36 is covered by an oquter casing resin_(not )
At sanasisariefomentisedyion £ Han teswinters of flm 52 of capacitor

ei@ectrol ytic capacitor is obtained. 15 An electrolytic =
‘slementti wstip| 34y thafollnwvinst iy layieys arentommed) in this order: solid
o] idaii o] polﬁi/msri zation nethod, are known as net hods

cirglyge E’@V%? snasdeceh gndyiclave pobmmer; andagansiughivg layer 35 made
tﬂe fg%i;mer met hod, a nmanganese di oxide |layer is forned.
oha carbanclaver and i splver masty layere| deapasipreelempeat 36 is thus
is formed on the manganese di oxide |ayer. According
¢@sPEtecat t er net hod, solid electrolyte layer 34 is

20 fgﬁ% Tn ilm 32 directly. The carbon |ayer _and

t he %ietre Silayard gopdugtive dapgr aliplaye ngpuplpd to an anode
respeé_:ltiv past e avai,la{bl e in, the, market lSnd dryin .
feRpn ﬂ%ﬁ%ﬁﬁ odg ferpinal regpechivelie (patehomm)i nTharyhale capacitor
i.s Japanese Patent Application Unexam ned Puyblication .
qlgmeph 36 s paveresl by gn FHeE FRsiAg Fesins0s $her) Hermed by molding,

foregoing solid electrolytic capacitor |largely depend
w%@gﬁ&egdiei%ctr@mceaa ds gbtaiped.car bon [ ayer and
the sjilver pfst_e | ayer fornmed on the surface of solid

el ecAbelpeiolydieexidation polyamenizafion methed ang) a ghemical oxidation

polymerization method are known as methods of forming solid electrolyte layer

34. According to the former method, a manganese dioxide layer is formed in

advance on film 32, and solid electrolyte layer 34 is formed on the manganese

dioxide layer. According to the latter method, solid electrolyte layer 34 is
formed on film 32 directly.

The carbon layer and the silver paste layer are formed by applying the

respe(;tive pastes available in the market and drying them.

The prior- art related to the present invention is Japanese Patent
Application Unexamined Publication No. HO5 — 159987.

The characteristics of the foregoing solid electrolytic capacitor largely
depend on conductive layer 35 made of the carbon layer and the silver paste

layer formed on the surface of solid electrolyte layer 34. In particular, material



of silver particles of the silver paste |layer, its
particle shape, a ratio of resin material vs. silver
particles affect an equival ent series resistance
(hereinafter referred to as "ESR') of the capacitor
characteristics. However, optimzation of the silver
particles material and its particle shape as well as

() F ggfg?r;p?lr gletsh tz’ﬁe ‘fergg‘{ﬁt‘ilﬁ Cll@%?%ﬁf’sopgﬁ%hi%%'e”a ratio of resin

Fhaa B pileer BrERERS LEEE Qgi%q%ﬁgﬂ%ﬁ%éemea 3Rt (hpreinafter
needi‘sﬁgﬁfaﬁge@% 2 d8rckieh the car bon

LZ%:LE’]%?%"%V%?%&%Y%& 28 e S r?ror?aésa'fe 5 i Geial g dts particle

WA ool 8PS b bif A Slvdrn st Ko e Rogn (reactant of

AP B BRI e AL B s gt

8P SR o A BRE8 nesa
I

MR TS & LS00 S

o6 i, RS 'C'ilh\‘?e?a Sﬁ%ﬁ%%ﬁiﬁ’a‘e gilver paste

silver lay

153?&’5'5 BH}eesngghﬁzgg Ign(?x\lljglsgﬁgi ondiion of soiu:i1 electrolyte layer 34,

represen

o bR P e R pheBEeT BN 0 o "onof cho

silver particles being occupied by flaky silver
particles, and the flaky silver particles occupying
% and not greater than 90 vol.

l@g%?é‘f%i%’f h@ﬁﬁlgﬁaﬁ'r 0- CH2CH- CH2 oH2CH2 JfH2Ch 4

o CH?n acc%';gance% tH st aspect o C'? tlflleup}'es((:al;t invention, there is provided a
solid electrolytic capacitor comprising: a valve metal; a dielectric oxide film layer
disposed on a surface of the valve metal; a solid electrolyte layer disposed on a
‘surface of the dielectric oxide film layer; and a cathode layer disposed on a
surface of the solid electrolytic capacitor and having a silver layer which
includes silyer particles, and at least one of phenolic novolak type epoxy resin
represented by formula (1) and trishydroxyphenyknethane type epoxy resin
represented by formula (2), and not less than 90 wt. % of the silver particles being
occupied by flaky silver particles, and the flaky silver particles occupying not less

than 50 vol. % and not greater than 90 vol. % of thé silver layer.

_( 3

0O-CH2CH-CH. ~ O-CHCH-CH; : 0-CH:CH-CH2
, CHs CHz — »
/




46 \ | \ H2CG HCH2C-0 H2CG-HCH2C-0 n In accordance with
a second aspect of the present invention, there is
provi ded process for producing a solid electrolytic
capacitor, the process conprising the steps of
formng a dielectric oxide filﬁilayer on a surface of
a valve netal; formng a solid electrolyte |layer on a

surface of the dielectric oxide fiInEI ayer; and
u

ayer, which gncludes a silver
g eldgctrolyte | r,
Rl 4 St
: ilver parjticles and at
g QSi n
H — @)
‘ S epoxy Fepr esent ed
by for | ess 90 [wt. % of the
silver par 5 [ar e occupi e aky silver
particles, W 2. e¢s than 50 vol. %
andQnot greAd ' he silver |ayer.
&ngé% CH2 CH2 --b (1) n
Cl CH CH2 O CH2CH®H2 CH CH (2) |\

7 H2CG-HCH2C- 0 H2CG-HCH2G-0 n Brief Description of the
5{ ?\Gmcl?gf:g&gfgnzflxgggg\é?fg?&%gegmheX#@sg’%ﬂs fg}/?%ign?ttﬁer}g i& provided
s e e

- steps of fo’rming a dielectric oxide film layer on a surface of a valve metal;
forming a solid electrolyte layer on a surface of the dielectric oxide film layer;
and forming a cathode layer, which includes a silver layér, on a surface of the
solid electrolyte layer, wherein the silver layer is formed with silver paste, the
silver paste includes silver particles and at least one of phenolic novolak type
€poxy resin represented by formula (1) and trishydroxyphenyhnethane type
epoxy resin represented by formula (2), and not less than 90 wt. % of the silver
particles are occupied by flaky silver particles, which accounts for not less than 50

vol. % and not greater than 90 vol. in the silver Iayer.

p .

'O-CHzCH-CH, O-CHzCH-CHa : 0O-CH.CH-CH2
AN [ Xy
CHy —1— CHq | v




Fig. 2 shows characteristics illustrating a relation
bet ween a volunme occupied by flaky silver particles
included in a silver layer and ESR characteristics of
the solid electrolytic capakitor in accordance with a
first exenplary enbodi nrent of the present invention.

Fig. 3 shows characteristics illustrating a relation
between a rati o Q flaky silver panticles vs.
spherical p i clies and ESR c acteristics of e

sol i dO-GH.@ldCHal ytfi ¢ cap@&itkGi-CHa ac¢or d&hGHGh-€e t he

first {exenplary gnbodi nent of the present invention.
Fi g ows char RiCS i | | ust fati a relation
bet CLHOHNGH e—@H a—g+ ayer and (2
ESK erfi sti g sol ild el LFiC
I A

capa I praccqrdance”w th _a<se npl ary

enbodi ment ¢ present | jon. Fig. 5 shows
characterils ifl lustratingla afi on between a heat
treat ment t@Aggerqture of silves*paste and curing

st fess of fhe sillverSayer i accofdance with the
i

1 xénpl.ary Haeot of the pnesent invention.
Hg@ggngsAe p\glz@ﬂ Hi:

shows a perspective view itlustrating a

84 LLkor 5 el f i |
SR OB o, ETS 6B one

capatitor.

. : ¢ : | ' . i a .

on  TCL ohof R ol tBrEE NG Bufttiie s RESHERED & & capacitor
oIkt B02p cHORE' FROkRIR: PHETTH ARG i, sxgmptary

' ' ' h h f
ernBofiife g RO b REROE o Ther cor 1o omitred

i v 1, SRR ROk Mudgrtin 31 SIRUER bR, @ volume
ool e SRR o ALYk N m
cﬂa@&&%ﬁsﬁ& o'%‘l t réi ggﬁ‘df gfelctr%%ftijcn (ggzgagc?%% th Sé%gzacfa%ce with a first
exemplary embodiment of the present invention.

Fig. 3 shows characteristics illustrating a relation between a ratio of
flaky silver particles vs. spherical particles and ESR characteristics of the solid

electrolytic capacitor in accordance with the first exemplary embodiment of the
present invention. |

Fig. 4 shows characteristics illustrating a "relz-ition between a curing
'temperature of a silver layer and ESR characteristics of the solid electrolytic
capacitor in ac;:ordance with a second exemplary embodim.ent of the present
invention.

Fig. 5 shows characteristics illustrating a relation between a heat
| treatment temperature of silver paste and curing stress of fhe silver layer in
accordance with the _second exemplary embodi’ment of the present invention.

Fig. 6A shows a perspective view illustrating a structure of a capacitor
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rougheni ng process, and a dielectric oxide filmlayer
12 (hereinafter referred to sinply as "filn') is
formed thereon. Insulating |ayer 15 divides foil 11
into anode section 13 and cat Wode section 14. In
cathode . section 14, solid electrolyte |ayer 16 and
cathode layer 17 are fornmed in this order, thereby 15

fedemengotapanicnional ssledtletfroltay@ipatBogan be a single
| ayer or plural |ayers. Cathode layer 17 is fornmed of

car boiFig.a6RshdWs an@dcdohaleriewaifehe 2Bpadt@ddemest sdwid 3n Fig. 6A.
and cat hode section 17 are coupled to respective

tBetailod Destription o6 Pedfet-ayd Bifbodientsces. An outer
casing resin (not shown) covers capacitor elenment 18

wi th fixempiape emb@liemnits el shexpesest pavéntidd YareAdeB@nstrated
solid electrolytic capacitor is thus obtained. To be

hereingfler.i f$imilddesehtd tetiesernaltibiresmapiasichifodiments have the
constructed in the followng way: In sanple Goup 1,

Bamstrefarency fracks ahdfdeithildd descrifiion thieekofds smisted.
roughened by etching in an electric chem cal way,

flvest Hxeimiplady Embodimender gone the 25 surface

roughening is dipped into water solution of 3%

ammonkign hdihpatsea Fdutionadi Vewlilldesipoe a ataditare of a capacitor
oxi dati on by being applied a voltage of 12V for 60 _
elemerdofat saldCelentrolyeioved pacioel int daceordaeetvrith thiel fipst 2xemplary
is formed. 6 Next, foil 11 on which film12 is forned
e¢mbotipar ofinthe prdseht ihvémstidrr nAlaninvgn doili Idt tindérgbes-a surface
mm and insulating |ayer 15 nmade of polyimde resin

rayghening praceks, tamd aidielédtrinoxide dilnt nyei U2dhetdirafter referred to
surface of foil 11 into anode section 13 and cathode
sioply ors Hlm™ i€adbhndd dectomn Thbulsting dagernds dididestfoil 11 into
a conb-li ke shape, and a conb-|ike shaped cross

anuld cectddn f 13 |add extHedgossctmnchidni chh ¢athederesdction 14, solid
simlar to that used to electrode foils of al um num

dedrolytd Yayer tapaed tcatlsodd\dxger Tatdredforardt iwrthid order, thereby
di pped into water solution of 30% nanganese nitrate,

fanming depapiies cémendt 18ngLagép16 cah hind ehwsle day@esdr plural layers.
deconposition at -
Cathode layer 17 is formed of carbon layer 19 and silver layer 20.

Anode section 13 and cathode section 17 are coupled to respective
terminals (not shown) for outer devices. An outer casing résin (not shown)
covers capacitor element 18 with the respective terminals exposed partially. A
solid electrolytic capacitor is thus obtained.

To be more specific, the solid electrolytic capacitor is constructed in the
following way: _

In sample Group 1, first, a surface of foil 11 of 10um thickness is roughened |
by etching in an electric chemical way, then foil 11 having undergone the
surface roughening is dipped into water solution of 3% ammonium adipate.

Then foil 11 undergoes anodic oxidation by being applied a voltage of 12V for 60

minutes at 70°C in the water solution, so that film 12 is formed.
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10 NOT for 10 m nutes, so that a manganese oxi de | ayer

as a conductive layer (not shown) is fornmed. This

| ayer is a part of the solid elgectrolyte |ayer.

Pol ynmerizing liquid for formng the solid electrol yte

| ayer is prepared next. Pyrrole nononer 0.5 nol/L and

sodi um_propyl napht hal ene-sul fonate 0.1 nol/L are

i xedr&%ta(f%rléém vhich fdm 13)iy dowmechds shaped into a belt-like form
ropyl - phosphate ester as 15 pH adjuster are added to

th1pg @e‘@’éﬁtﬁ &f fimmy pad maukaing lamen 5 mhadewinalyisnide resin tape is
adj steg%io 2. Cathode section 14 is dipped into this

p‘%P;lﬁ&? hy1n prer do divide the sswréacerafdeil fldintst anadergpetion 13 and
pol rization is placed close to the surface of

cat eciigRtldon 14, so that electrol ytic oxidizing
polynggiﬁﬂﬁgon starts., Solid electrolyte |ayer 16

nmade &fatBogR) rection b pnpresssmoided fintored combrlike shape, and a
surtace of the 20 conductive |layer. Then, Col| oidal o
Galin&’g]hk% ghapadsress sactigpfifeid 13 nmdergess a ehemisal treabment similar
| ayer. 19 is forned, and_ sjlver paste is applied and

e that “%%f torpdectrodefapls phghammbnym electenlye capnciters.

cat hode | aye 7. Silver, layer 20 is fornmed by dipping

into gﬁ*ﬁ’\f}éﬁflwﬁﬁ%’wéﬂcﬂr B %@Qﬁdtm‘@h?vﬁﬁn sohutiony o£3P¥r manganese
10 mnutes is provided. 25 Belt-like foil 11 is .
BiiRRtse Ik pRlgteogh e e bifore is amdssgenst Beaodecomposition at

é&@;ﬁ:% ?éod.uci ng ca]ﬂ%%i tor el enment 18. Capacitor . .

| 514 gmmutes, 50 et ey manganesepada Ayerges arcogduetive layer
{je:{ni ﬁe 7 EIbE? couypl ed.to anopde sections 13 of the

 yokshawa) i fpapeday, yew i part pEthesolid) electrejyte layer.

‘cath | ayer.s 17, .and oquter casing_resin, made of
e.g. Og‘glé{%%??é’%g ﬁ%ﬂm@ ofg% derming r‘ﬁg? et9lid) aleghrplyte dayex gs prepared
al s part i(?l Iy posed, so that_a _solid

A .
’t%? c: ?é’%nmq? £enomey -8 19lsl gpdsodiem prepxInepbihalene-sudfonate 0.1

r d at 6.3V, an 5 10E. The silver paste faorn ng.of
ey ydre bhakvancg: s Yater @6 salventy and peopylinhaspbete ester as

r.angj.ng, from O to _30m (average dianeter; 4 and .
Hfi a%a%@r qrﬁzﬁéfi%’g]i toykhie foapgeingemisuronse bhaf ngw@f the mixture is

idnterms ofé\ atio of vertical length vs. . L
adjusted to 2. Cathode section 14 is dipped into this polymerizing liquid, and
an electrode for starting polymerization is placed close to the surface of cathode
section 14, so that electrolytic oxidizing polymerization starts. Solid electrolyte
layer 16 made of conductive polymer is thus formed on the surface of the
conductive layer.

'Then, Colloidal carbon suspension is applied and dried, so that carhon

layer 19 is formed; and silver paste is applied and dried, so that silver layer 20

. is formed to be cathode layer 17. Silver layer 20 is formed by dipping into

silver paste before heat treatment at 200°C for 10 minutes is provided.

Belt-like foil 11 is punched so that anode section 13 can be obtained,

.thereby producing capacitor element 18.

Capacitor elements 18 are laminated, and a terminal for an outer device
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hori zontal |ength, disperses from1:2 to 1:10. This
silver paste includes 10 phenolic novol ak type epoxy
resin represented by fornula (¥, hydroquinone

di gl ycidyl ether as curing agent, and ethylene glyco
nonobutyl ether as diluting agent. \Wen those

materials are mixed,. a mxi ratiQ of silver . .
38 ovipled t cnadk civgtipes nct of She tpanatsd,dodves Amother terminal s
changed, so that .the sj]| ver articles can ocgu t he .
\F8|“HEF‘éP£ﬂ 0%%1,038 d?Y%Yﬁ,f% @ndsgiteycasieresen, made of .g. epoxy resin,
O CH2 CH2 O CH- O. CH2 CHz (1) 20.,n
BT A Gelipents: (B Futh thndanminals marhahy gaposed, so that a
sayml ropp. 2,  trishydrox eny| met hane, t ype epoxy
FSgﬁngjﬁgﬁFPE’E@nfwcwr 18 ohfada )ylings F8RaciteE aeEad BE 6.3V and
fbl;he silver paste instead of phenolic novol ak type

Yy resin used in sanple group 1. OQther naterials

remai gyunchanged from t.hose, of sapple 25 groyp 1, .and )
the vgqh&neﬁ%%%aﬁ%ﬁ ’g’ﬁn’&Fg;%S‘ﬁYedk Y&t | G Magatispersien of particle
U etert Sanehie fioe B Hi50 oo bohen deserate doomeriion) sad includes
- CH2 CH H2C- HCH2C- 0 H2C- HCH2C-.0 n..
%%%%WF%“@%@%%% 38 TP Ohartabl. of vertical length vs.
B@gﬁé@gg{%ﬁ%ﬂi figs%ﬁfﬁ%'g' %ngygoyég | la‘%Ot ypﬁ)ise ps(ﬁ%rr Ie)gétr(]a includes
' dr.ox enyl met hane type epox sSip repr nje .
B E BB B e T a e e Eiasbed, B it g1 by droquinone
:50,as terial of the silve ste form si.l ve
Rrtadt eURee s "rtag | sty il ERiean GEOF NBREHUEL etber as
P PEEH R ek o008 e B, BESAR el 1o o stve
particles vs. phenolic novolak type epoxy resin is changed so that the silver

particles can occupy the volume at 40, 50, 60, 70, 80, 90, and 95%.

e )

0O-CHyCH-CH: O-CH.CH-CHz O-CH:CH-CH2
l X l X | X
CH> CHz (»
- = (L~
. n

Next, sample_ Group 2 is described hereinafter. In samp_le group 2,
trishydroxyphenylmethane type epoxy resin represented by formula (2) is used
as material of the silver paste instead of phenolic novolak type epoxy resin used
in sample group 1. Other materials remain unchanged from those of sample
group 1, and the volume occupation of the flaky silver particles is varied fo_r

producing solid electrolytic capacitors as same as samplé group 1. -
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15 producing solid electrolytic capacitors as sanme as
sanple group 1. The silver paste includes curing agent
and diluting agent in additiongto the epoxy resins
represented by fornulae (1) and (2). Curing

accel erator or coupling agent can be used if
necessary. As curing agent, hexahydrophthalic
anhydri de, nethyl hydrophthalic anhydride, polyphenolic
materi al such ZOJﬁﬁenolic novohak tYype epoxy iiiin,

or am ne- based npaund such as ™ dazgl e,
di cyandi @fiieH-GHs usled. AsOdiH:CitHCHy agent, O-CHyCH-CH2
al cohol - hased sol ven

t, cellosolve-based sol vent,

@)

ors i
o the neth
'SR char act g

s or qf anoth :
conp son puyf pose ﬂre,&Lsted ¥ in Fig. 2. This
capleC-HCHEC-0ses bispﬂﬁngcﬂg}Qpe epoxy fesin instead of
phenolic novol ak type epoxy resin usgd in sanple
Lthe soli ol ytic

2 B a5 g i DSt “Sh lpup o, pencli
FEGUERT 1t | 2 b, S SRS ool O
G T i o s, Tl
11‘5I%?2ir<%/¢particl es.is less gg%n 50% or exceeds 90% are

or egoi ng sanpl e
sfof a solid

and

? EaRPewading: wtiesof £0:00ras materl qfthe; siver paste forming
t.he case of the volune occupancy |ess tha 0% )
s sy Rr %,% LOther matepials |r§mmzen$1@&e§s m 4hase jn sample
the case of the vol ume occupancy exceeding 10 90% . .
FoHai fygag OB oYt ume: drcuRationy el %/heaééﬁyﬁlﬂ&ﬁ Postley is varied for

el ectrolyte l.ayer. 16 becones weak. The solid
odueing %ceie%tﬁab'ﬁwapawtqns@w%aﬁ §6WI§%1B¥QIH) & oup

find befter ESR characterjstics at the vol ume . .
occugg'ﬁt§ Y@n@aﬁg lpp’é}ﬁﬁeg@:w&gggnt and diluting agent in addl_tlon to

the epoxy resins represented by formulae (1) and (2). Cuﬁng accelerator or
coupling agent can be used if necessary. As curing agent, hexahydrophthalic
anhydride, methylhydrophthalic anhydride, polyphenolic material such as
phenolic novolak type epoxy resin, or amine-based compound such as imidazole,
dicyandiamide, is used. ' As diluting agent, alcohol-based solvent,
cellosolve-based solvént, carbitol-based solveﬁt, ester-based solvent, or

ketone-based solvent can be used.
Fig. 2 shows ESR characteristics measured at 100 kHz of the solid
electrolytic capacitors immediately after being produced according to the

methods of foregoing sample groups 1, 2 and 3. ESR characteristics of a solid

“electrolytic capacitor of another sample group for comparison purpose are listed
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however, they are still poorer than those of sanple
groups 1- 3. 15 The Phenolic novol ak type epoxy resin
represented by fornmula (1) and, the
tri shydr oxyphenyhnet hane type gpoxy resin represented
by formula (2) have a plurality of reacting groups
whi | e conventional epoxy resin has a single group. ]
Thdfigf r eThisreapapitoxiuses bispherol Attype spexy rasen instead of phenolic
curing, so that a contact pressure between the resin
VST P &RYxE réxeused in seingde gnomedses. The 20
resistant value of silver layer 20 is thus reduced,
and adisdfign@dells, tiel spdid ¢lagtaplytizocapaciiors of ssirepleraypype 1 — 3, of
| ayer 16 or other sections of cathode |ayer 17
wipelyyebime gpeupancy of the flakyedlvet pamticles xo sileenlayer arpges from
silver particles and spherical silver particles is
pPdp Q0 axe exeplsnt lgrEé)@ charagterigties, dasly,makkporsi thaar 100 m Q.
articles vs. spherical silver particles in the

E?Mhﬂ etherehaul,: capgcitgs of whiclogolunge ocapagsy -offlakynparticles is
100 ; O0._Qther materials remain unchanged fromthose .
ees $han| 20% 05 pxceedsaPfosare ppax) iscEPEB gharaciesissicht ol e reason is
of sanple group 4 are thus produced. The case where
thist by &he gase) OE $he yolume qegupaney; jass 4hapna0%s agesistent value of
group 1. 10 . Vol unme occupancy of silver particles in .
sliveylayern 2y inppeasgscand i Bmopaseof the valjane fceyrancy exceeding
di ameter of the spherical silver particles is 4m Fig.
A0%h bardinsrstaragtic betwean siver lasiered0 gnd) sedid plecholytielayer 16
solid electrolytic capacitor imedi ately after

meseveaks accordance with sanple 5 group 4. As Fig.
3 tells, when an apount of flaky silver particles is
at | eHae sobdyelegtrolyiie eagraciionr ofc the icomneasisen sample group finds
capacjtor lowers to not nore than 100 mO0. \Wen an .
taﬁﬁ’?ﬁrnES& characterigbicssat the vplinne (eeuparcy wnging dromoB0 to 90%;
w.% a_resistant value of silver |ayer 20 increases,
hogvavies: therreare sklleensep than thosetfeamule geownrp bskussi on
concl udes _that a solid electrolytic capacitor 10
excelThea Phepolsmoyplakatsier eRONYC Eesin drephgreaied dy formula (1) and
characteristics can be obtained when the follow_ng

therigishysiexmhenyimethans] type |opoxry| repin represeatedidy foraula (2)

epoxy _resins represented by fornmulae (1) and (2); an

- bavsanplwrlity ok yeaqtinggroywst while oneentional epoxy resin has a single

group. Therefore, they produce greater stress at their curing, so that a contact
pressure between the resin and the flaky silver particles increases. The
resistant value of silver layer 20 is thus reduced, and adherence of silver layer
20 to solid electrolyte layer 16 or other sections of cathode layer 17 improves.
Silver paste formed of the mixture of flaky silver particles and spherical
silver particles is prepared as sample group 4. The ratios of flaky silver
particles vs. spherical silver particles in the mixture are 80 : 20, 85 : 15, 90 : 10,
95 : 5, and 100 : 0. Other materials remain unchanged from those of sample
group 1, and solid electrolytic capacitors of sample group 4 are thus produced.

The case where mixture ratio is 100 : 0 is as same as one of sample group 1.
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not less than 90 wt. % in silver particles; and a
vol ume occupancy of the flaky silver particles falls
within 50 - 90% 15 The fl aky Eblver particl es of
whi ch di aneters disperse from0.1 to 30m and of which
average particle dianmeter is 4m are used; however, the

rrticles of whigch_average particle dianeter raréges
f YQIHHOE OCoUmamex| S%Y%daéétl%lﬁs Indsibvatatpyesi 4 liarsekoto 80%. An
what is dis élsed as gbove i,s.more preferable to

(FVETagRPRrtigle d1agpetgg o Frh%l%h araeel silipppertidesisedimnr om 3
to 8m,_.If a artigéﬁ i ameter of the flaky silver
part i dii€s 3 ghays éwsacwsﬂmm megghegdyatt HO ddfgef the sohid
- 30m. silver i cl es aggl onerate, or poorl,
&i‘?ﬁts‘%!ﬁlw PRASS 19 e;ixs af@%aprcaiwceéulgt AROTdaNage W %il sample
si|ver, | 3‘]628 ﬂc ses is preferahle that th
RoNS 4 n Mgy SapllG v Ao s ameunt hbHnky ﬁﬂV@wm@?ﬁels at least 90
udj | engt a.flat section ranges fromt
P@ngeﬂi Fﬁ@sdwagﬁ%lsglﬁg thhléwa@@tWvavmg 0 pEemere {ch@n 100 mQ.
silver pa cle ling w hlnthl r .
?’kﬁ«f% #aarE St s KBky olrier Thahalesde lesd than Plyehtpe resistant
t he. L.on ud| al length s n two t.ipes of
etﬁ.S&lRfﬁg |1ereasss: 5o Eﬂe%ﬁfﬁith‘? eqpimes highy
ot herTé? fg}‘? gflg,'{] tgt?s_sg{g‘l ,Q:tﬁgp gst"ﬂthte qprél%ls Ie etc%rmlytlc capacitor

val ue
i mes ,of

Ion it di | engt ceeds. ten
ﬁ%sﬁﬂg‘%@%ﬁ 165 ARd, tmpedgnage Cl}?&é‘?‘@rﬁé’&% ¢88 be obtained

| w@ga%af?)ﬁ?%i& Senidfe Sabré sfits%fﬁr e By ?ﬁfwﬁwe@ the epoxy

ﬁt'eg:?risf Il'eni)%g% {ea I‘bpéar eefnnggf;%lugﬁ?g @ 3&1? particles is
Aoy S0 ef%%@:e Rl TR B0k e
LN e %X%@céﬁg@eﬁ; 5 oo 1 che
SECOh SRR, Che S Lo RS ool MR 201 o a0
ainsd of ngchl_g‘%ratgé %%Fr 1C. et ta%lng)tglr_ ?st t%u% gxfet &sted, however, the particles
of which average particle diameter ranges from 1 — 10um also produce an
advantage similar to what is discussed as above. It is more preferable to use
particles of which average diameter ranges from 3 to S8um. If a particle
diameter of the flaky silver particles in silver layer 20 falls outside the range of
0.1 — 30pm, silver particles agglomerate, or poorly contact with each other, so
that a resistant value of silver layer 20 increases.

It is preferable that the flaky shape of silver particles should be this: the
longitudinal length of a flat section rangeé from two to ten times of the
thickness thereof. Use of the flaky silver particles falling within this range
further lowers the resistant value of silver layer 20. If the longitudinal length

is less than two times of the thickness, silver particles contact with each other
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formng silver layer 20 is set between 160 - 250C in
steps of 10C. Other conditions remain unchanged from
those of sanple group 1 in thejfirst 15 enbodi ment,
and solid electrolytic capacitors of sanple group 5
are thus produced. The capacitor having undergone the
h at.t&gqtnnnt at, 200C i s, equal, to the one of sanple
JFRPE o ppIRt, 5p eraristar vl of silveslayen 20ringregses. If the
éQO%#F%¥%$TEdiEta i;ter_ the production of the solid .
PREE P length exeeqds ton; timge o6 Ha Haigknpss the mugturednthe silver
20 g odi nent and qggégﬁeqpat_loo kHz of the same
HAEET DEEynSR) neveR QidoRding strsastiriof silyex dayer £Reveakens.

asurenent af curing stress _of the silver paste. The
iyt 155 theedlugollayer S asa thysereassduced in
curin the silv .past e appl.i ed and hayi ng _ .
under 3’8 %ge tHW%S%&ﬁ?déﬁt%n?%t%?ﬂ% ?%Xﬂrl hiisstormed ofglyer layer 20
be .f ound t hi hod: jhe si]ver paste is _applied
SRS 2’9’8%&?’5&3’- Ei@ 15T rgblai {"Psncqr PR dA%es ,19a§1j upgcarbons of
lhass un gQes heat. treatnent. :Then warp of th
g”&{} P&"glgj;s’ a‘é‘ SE dp 1Pt greaten tham qumg t&éﬂl‘lﬂei f@'er 17 can be
[ ess. Fi,g. 4 tells, the capacitors having
E"%B’ee%‘?fr?@ﬁ}’ ﬁ’é‘g‘i’Fe]g‘?’e’E !zé'at ment at 12 180 - 230C show
| ow ESR characteristics, this is shown by both the.
capacitors neasured imediately after the production

Snabhordbiely BB mpor at ur e range. Show an

I TN R S 0SS T T —
SR TN Y v B0 5 TR i hirncu e
BpAh S5 FARKPS SR LLBEY SHLEC 1 B S, ot
BT 38 O, B s et O S e
RSBty aBs SOF SIRRROTE Fepaciiiscof Samnlh group 5 are thus
ptr(e)g&%rd?t e cgf))aéi %t hgxsfsiﬁgclqgaglggto%g t tei Se’at? %gggt?mgxitggi 200°C is
equal to the one of sample group 1.

Fig. 4 shows ESR characteristics measured at 100 kHz immediately after
the production of the solid electrolytic capacitors in accordance with the present
embodiment and measured at 100 kHz of the same after 500 hours at 105°C
with no load. Fig. 5 shows the measurement of curing stress of the silver paste.
The curing stress means contraction stress produced in curing of the silver

paste applied and having undergone the heat treatment. The curing stress

can be found by this method: the silver paste is applied onto cover glass having

a given thickness, and the glass undergoes heat treatment. ‘Then warp of the

cover glass is measured for calculating the curing stress.

As Fig. 4 tells, the capacitors having undergone the heat treatment at
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Det ai | ed studi es have found that excellent ESR
characteristics are obtainable when the curing stress
falls within the range from50,kg/cn2 to 300 kg/cnR.
The foregoi ng di scussion conclUdes that it is
preferable to set a heat 15 treatnent tenperature
bet ween 180 - 230C.in order to |ower a contact
&9 < 280 «e shywdowdiply chaakstesistios rthissistshomasbyiboth the capacitors
epoxy resin and also lower the resistant val ue of
Jneamaped apanedigtelyaften ths pneductionzmnd tiftrehe ligh samwpeeature with
6 of the third enbodinment is described first. In )
awripad 6The capacitios out of His tamperatupp sangmekowandncrease in ESR
solution of 5% soluble aniline, dried in air before
ichararierigides heat treatment at 200C for 5 ninutes.
Thi s preparat|on roduces a conductive polyner | ayer
(not Hsolitg {) he gupagt steess af $heisilver amnste|depends on heat
| ayer . Th|s poI | ayer corresponds to the nmanganese
preadens qeml@ra{wéd Head dpprlenemoap lawen than 184°6t makes curing
enbodi nent._ Then pyrrole nononer 0.2 nol/L and
HEBRT Hewen $hanobltke/ae? iang: boedipg swengih bp@wwrs dbpRaky silver
|nto sol vent formed by m xi ng water and propy

Retitlet anﬁmwes%we@kngo tgat E@Rynbmraz:twtmsd@ﬁc@meopoor On

&eﬂu edfor rmngthe solid electrolyte. In this
aﬁtneatmant ayec23Qganpbes gwngusﬁgass hlgher than 300

EQ Wgegl zat| on Iéﬁﬁpl aced close to the surface o
2 OFEVED SHaaks ocgiy 1 phver ket 20 %@nlyﬁ!élaypatzmeil%off when
carrjed out _at a polymerlzatlon vol tage of 1.
801 h&%laéc@rh}g}‘t Eelppgeature Favibay BAR 5%&%\05&3@swr beeame high.
aéi%r&ess oﬁg 8m.is thus forned. Ot her conditions and
oStudies hare donhtbatiexedient Ho3R chmrasferisties @re obtainable
g‘o ment, so that asolld el ectrol ytic capacitor_is
WRed %8u¥1ﬁga§t9ﬁf>§ fallsppidyinithe rpage Son ffhlisicm? 1@9&%)0Olkg/cm2
Next, sanple 7 is_described hereinafter. In sanp 7,
i nst ebke doregping é@ﬁoyﬁ@pnzrmg‘. ydesuthatutet pnefgmklpeto set a heat
group 1, thiophene nononer 05 nol /L and _ 10
theaimeont] demperaie b fe}:@feienatlﬁ()e—oza)@qmn/ prdgreto lower a contact
di ssol ved i nto, sol vent_formed by m xing water and
repigtane, by herdivg alsusilvergoaidiolercwith enpyi xeginiand aleo lower the

used for
resistant value of silver layer 20.

Thizjd Exemplary Embodiment

Sample 6 of the third embodiment is described first. In sample 6,
cathode section 14 is dipped into water solution of 5% soluble aniline, drie_;d in
air before it undergoes heat treatment at 200°C for 5 minutes. This
preparation produces a conductive polymerllayer (not shown) which is a part of
a solid electrolyte layer. This polymer layer corresponds to the manganese
oxide layer used in sample group 1 in the first embodiment. Then pyrrole

monomer 0.2 mol/L; and naphthalensulfonate derivative 0.1 mol/L are dissolved

into solvent formed by mixing water and propyl alcohol, thereby producing
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formng the solid electrolyte. In this polynerizing
liquid, an electrode for starting polynerization is
pl aced cl ose to the surface of gat hode section 14, and
electrolytic polynerization is Carried out at a
pol ymeri zation voltage of 1.5V. 15 Qther conditions
ghggrmterlals remai n unchanged fromthose of the first _

vaerng igudhin be sepd gfos| frmingythe sohéaele@@plﬂte In this

produced in a way simlar to that of sanple group 1
rizing liguyh c?euebetmde fop startuigepelyoieyizationyisrplaged close to

vi ng.an verage surface roughness of 0.1m Next,
st Uéf%:eu f@éh@dﬂ monelféuam%g elerctromlcsmipn@re:atlon is carried out
|nstea of the olyner|2|ng liquid used in sanple
Al ath 7«3’113’69%3/1" tagth e L& o riali %belectmlweLlw 6 having an
napht hal ensul f onat e derl vative 0.05 no]/L are
&V%%ﬁ% sHrfage rovghpess of iHPwmdisnyhws sformedat Sthemgonditions and

al cohol , thereb produ0|n olyner|2|ng liquid
‘%élaéss ERPH} uﬂ@h&ﬁ&?@‘y from theose @ ebrstgmbediment Bﬁ' hat a solid

& ri.zing lLiquid, _an_electrode for starting
B 76 sanasiior 3s Brogueqd dn goway simiar to ttatof sample group 1.
and el ectrolytic polynerization

cat ho 5 sec n.1
i s cagﬁﬁ"é’ds‘é‘ﬁ‘l)ﬁ%\% é@ﬂicﬁﬂié’rdi Rgreipaftey; o Inagample 4y instead of the

O] candi,ti ons apd materials remain _unchanged from
P r&?mgslﬁm sed Hséamw gEoWLL, thienhenerwppemer 0.05 mol/L and

[ pro%eced Ie 8 has solid 14
E@%ﬁé emraafre R ol disselved dato solvent formed by
hness |sq3 sarrpl e 9 is described
A8 Watez an ﬁtbs%‘?g etebyspradycaepelysieyizing ligyid ta e used for

avi. n n aveqni=| g! rface roughness of 2.1mis
FEXDE Hhe: fokidlegtap rﬁrﬁ%mp Iyracuiringeliquid, i o electrode for

|s dlg ? i nt.o water t|on of _30% 5 manganese
olymerzatipRds p cs closerterthe; surfacge: g-‘@éb0¢ﬁeeﬁctlon 14, and
treat 300C for 10 mnutes. This set of th
%1?@5?@?1 P&Mﬁ@&'@@dﬂ@lﬂ%em &b & nalyreerlm‘gm@&ege of 1.5V.
i de Ia_er |s produced as solid electrolyte | aye
' r BmAtELEs crerann unehrpged civemg éﬁoaer fnthe first
of sa Ie grQup 1 used, in the first. enbodi nent,

ené‘r sothat sepalia elgeipolyticapaeitenis n@dpcebmeavamemﬂar to

gle le 10 is gescrlbed hereinafter. In _sanp
that of gqu;n@ QEEUR i ypample 7 thus produced has solid electrolyte layer 16

having an average surface roughness of 0.1pm.

Next, sample 8 is described hereinafter. In sample 8_, instead of the
polymerizing liquid used in sample 7, ethylene-dioxythiophene monomer 0.1
mol/L and naphthalensulfonate derivative 0.05 mol/L: are dissolved into solvent
formed by mixing water and propyl alcohol, thereby producing polymerizing
liquid to be used for forming the solid electrolyte. In this polymerizing liquid,
an electrode for starting polymerization is placed close to the surface of cathode

section 14, and electrolytic polymerization is carried out at a polymerization

- voltage of 4V, Other conditions and materials remain unchanged from those of

sample 7, so that a solid electrolytic capacitor is produced. Sample 8 has solid
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| ayer 16 having an average surface roughness of 3.5m
is produced in the sane nmanner as sanple 6. In the
production, cathode section 14‘13 di pped into water
solution of 5% sol uble anili nel, then dried in air.
Cat hode section 14 then undergoes heat treatnent at
210C for 3 mnutes, so that a conductive polynmer 15
ledgadrolytedinysh b whndli average auplact radghdess soBOOpm
el ectrolyte layer, is forned. In the electrolytic
pol ynmiNaxtasimpld 8 isoddsegbed chefreiaditeronlmfsapgily i rsolid electrolyte
| ayer, after-nentioned polynerizing liquid to be used
flayerf &6 niasgng hen swkeragee secfcepughness of &lpdihis produced in the
pol ynerizing liquid is fornmed in this way: pyrrole
mg Mannenp cathodedsevsjont A4l mndippednittte watéiv atlutien of 30%

0.1 nol/L are dissolved into solvent 20 forned by
mhsaganese tratradge,d theo dyledain elio befope Hérundergoes deat dnehtment at
materials remain unchanged fromthose of sanple 6, so
B8ARIC forsK) indnwetesct Tbiy setoofdhpdreatorentiis rppeataddd. times, so that a
Next, sanple 11 is described hereinafter. In sanple
mangagiesel @lidetlayeytie predunedlés heolidhglectrelyta dgper 16.  Other
surface roughness of 32.5mis produced in the 25
eandibans gndanaterialsiremiain anchanged frioe padsgnefrsamgglergroup 1 used
(not shown), which is a part of the solid electrolyte
imthe first enthadiment, rsotthat eolidredenteolytis capagitar is @roéuced-
formed. Other conditions and materials remin i
unchabgel spmule 18ds sles¢rihed heraipaftes, Incammple 10, selid ¢lectrolyte
el ectrolytic capacitor is produced. Next, sanmple 12 is
st Abthaying paiaverags sunface ronghaess of 8 Spim iwpreduced ju ghe same
| ayer 16 having an _average surface roughness of 12.5m i
manged dasc sgmple Bae Inf the exbdectinm r@fthogfatshgﬁ!@n skkis giipped into
14 is dipped into water-al cohol solution, in 5 which
watansplutien 9£8%dobudde dindliye t thieophréatkinpairy s Catkede section 14 then
sul fonic_acid including binder and 1.0% of sul fonated
wadsrgaes heat treatdpnt ot 3@@*’,0 fdreh npniitesd saphat @xonddetive polymer
section 14 then undergoes a drying process at 150C for
Igyer fateshowsy), whieke 48 iat parsoifytibiersolidneledirokyte tlayephe fmed. In
1;Elgl ystylene sulfonate layer is forned. Then cathode

celastirolytic spalimmeezizationo felldwingnehdi foxymativwpeheolymer layer,
(heterocyclic

- after-mentioned polymerizing liquid to be used for forming the solid electrolyte

is used. The polymerizing liquid is formed in this way: pyrrole monomer 0.1
mol/L: and naphthalensulfonate derivative 0.1 mol/L are dissolved into solvent

formed by mixing water and propyl alcohol. Other conditions and materials

| remain unchanged from those of sample 6, so that a solid electrolytic capacitor

is produced.

Next, sample 11 is described hereinafter. In sample 11, solid electrolyte

- layer 16 having an average surface roughness of 32.5um is produced in the

following manner: First, a conductive polymer layer (not shown), which is a part
of the solid electrolyte layer, is formed in the same manner as sample 10 is

formed. Other conditions and materials remain unchanged from those of
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10 nononer) solution, and pulled up. This solution is

m xed solution including 1(one) part of ethylene

di oxy thi ophene as heterocyclic nononer, 2 parts of

ferric iron p-toluenesul fonat el?s oxi di zi ng agent, and

4 parts of n-butanol as polynerization solvent. Then

cat hode section 14 is left at 85C for 60 m nutes, so

tdaadple 8| saltleltectolid yleetrbbyrrcapacitor iwgerodiicgdl yet hyl ene

di oxy thi ophene, 15 conductive polyner via chemni cal

pol ymiNextaddnaple 1214 deseeidbed Geremadiendi In smnplad, solid electrolyte
materials remai n unchanged from those of sanple group
layexeti6 ihmvite ahi astrageniodace ndughndss alfi 12.6wcis pkgduced in the
capacitor is thus produced. Sanples 6 - 12 enpl oy

folloreingl myane20 dathodd sdrtionalkd issdipped ipto wiatéeslcohol solution, in
occupyi ng 80% volune in silver paste is used. Table 1

stidol 190% wé polyethplenkhdiox® Ghivphede pohstylehy tsalfoniceadid including
in sanples 6 - 12. TABLE 1 Solid Electrol yte Layer

- Banjeireafd oll.04hi ofi selfénatedr polyafikipd care whsspiveds ethen pulled up.

oxi des / of hio hene Sanple 8 manganese oxi des /
falthedesdcting 1di theyn widergbene dr@agrecssshtnigd)i€ Jor Hopinutes. As
des Sanple 10 of aniline / polypyrrole Sanple 11

patepulti ipolyethylpokydionhy | thispliine pdlystylere s8Hopate lyer is formed.
pol yet hyl ene di oxy thi ophene pol ystyl ene sul fonate /

Bhey awibodm eeatiok 4t Isi dpipedeint6 cthiplene diospoksomesr (heterocyclic
characteristics of sanples 6 - 12, neasured at initial .
moaguerbiolugion, sadppelledny. affhas solution és mixed sobgidpincluding
500 hours with no oad, both at 100 kHz. TABLE 2 ESR

tloneh pact v thyleprgliony dhaophener asdweterocyclic monomer, 2 parts of

ferric iron p—toluenesulfonate as oxidizing agent, and 4 parts of n—butanol as

polymerization solvent. Then cathode section 14 is left at 85°C for 60 minutes,

‘so that solid electrolyte layer 16 formed of polyethylene dioxy thiophene,

conductive polymer via chemical polymerization, is formed. Other conditions

- and materials remain unchanged from those of sample group 1 used in the first

embodiment. A solid electrolytic capacitor is thus produced.
Samples 6 — 12 employ silver layer 20 in which flaky silver particles
occupying 80% volume in silver paste is used. Table 1 shows structures of the

solid electrolyte layers in samples 6 — 12.

TABLE 1
Solid Electrolyte Layer

Sample 6 polyaniline / polypyrrole
{ Sample 7 manganese oxides / polythiophene .

Sample 8 manganese oxides / polyethylene dioxy thidphene
{ Sample 9 Manganese oxides

Sample 10 polyaniline / polypyrrole
| Sample 11 polyaniline / polyethylene dioxy thiophene ..
| Sample 12 polyethylene dioxy thiophene polystylene sulfonate /

polyethylene dioxy thiophene
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Ri ght after Production Life test at high Tenp.

roughness ( m Sanple 6 35 52 3.8 Sanple 7 48 66 i O;

1 Sanple 8 47 69 30.0 Sanple 53 73 2:1 Sanple 10

49 71 3" 5 Sanple 11 89 106 32°5 Sanple 12 56 83

12:5 5 Table 2 tells that use of t hi ophene, anili ne,

furan, or their derivatives, or nmanganese oxides

ot her Tahin2 shows|BSR wheshétristies bf sdyplesitay 2, hteasured at initial
produces ESR characteristics simlar to those of the

fstagas ofrdeoti seanple, Bad afters lifhteshitadr 106°€ for B06chowrs with no load,

el ectrol yte | ayer

deplaet 180 &Hxcel | ent in

i npedance c¢
rA\R&ss r

haracteristics.
angl ng from not

Use of an average s
| ess than O.Imto

16 produces solid electrolytic
10 ESR characteristics and

ur f ace
not

gredater t e

I] SRII T TICT Bdbiibg

Y act—areas—etwe
]in\¢r I:n/ .20 nnH

C I 1
average surface

el ectrolyte
ldecreases |

3 ﬁﬁiﬁt@g Prqéeptaqn

cdife st dhlugh Temp.

| roughness (um)

Semplefer i s

t3%s and i npedan

¥ characteri stics

i 3r ove,

Haniple tfhe f

ot&goi ng enbodi n#Ea s,

t he val ve

etiad:1 of

Sbuplegm i s

4wed as an and

dmin the solid

Shafpié 9' Y|

c%capam IOI‘S Nng

V»\%VGI‘

oTteT—var VESnEY:

Sathy

||4 | utr] ||| UUl UTTT
chr—be—used—wi-th

TL:'\ adhvan

@L?ssed above. 20

w;@dust rial

lI L alll tHm LaUal Cb

Appl i cc“.

Samipheidol

&eel ectrol ytic g

&3acitor of the prég

Invention, a dielectric I7 oxide fiTmTlayer, a solid
el ectrolyte layer, and a cathode |layer are forned in

this e surface of a valve netal. A part of
the ok %%eteﬁgﬁgl@ t pge pga]qfaé@%gpe,aamhne, furan, or thglr derivatives, or

manganese oxides other than pyrrole in solid electrolyte layer 16 produces ESR
characteristics similar to those of the first embodiment. Use-of such materials
in solid electrolyte layer 16 produces solid electrolytic capacitors excellent in
ESR characteristics and impedance characteristics.

Use of an average surface roughness ranging from not less-than 0.1um to

not greater than 30um increases contact areas between solid electrolyte layer

16 and silver layer 20 and decreases interface resistance, so that ESR

characteristics and impedance characteristics improve.

In the foregoing embodiments, the valve metal of aluminum is used as an
anode in the solid electrolytic capacitors; however, other valve metals such as
tantalum, niobium, or titanium coated by oxide film can be used with an

advantage similar to what is discussed above.

Industrial Applicability

In the solid electrolytic capacitor of the present invention, a dielectric
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silver layer which includes silver particles, and at
| east one of phenolic novol ak type epoxy resin
represented by fornmula (1), andya

tri shydroxyphenyl net hane 5 type epoxy resin
represented by fornmula (2). Not |less than 90 wt. % of

850 S0bLB55R3 B5e R TERL S50 R 5 e i i
RS b B o AP LB A et o
P DS RRRERGok YRFc R S8 i B B5BASHE novla
TR AT —
5 il S, S P02 RS e of e
L P T T —
X L T ——
P TR TR ST T ——
R T SR W M —
SEARIARE BPL e 38 LAY Fof AR By Shel e comtac
PO Bt SO R ) S B, RS SAo, and o

GRS TR E. 8Bk ¥ g bins e

Y B i TR, P RS LAY Sk R MR ey
g gg ?o &o%igyﬁgfeiji FRRRGEs O A Sy rlfe%&ﬁ, Uorig" %le%%l*&lygtic capacitors
excellent in ESR characteristics and impedance characteristics are obtainable,
As discussed above, the present invention relates to solid eleetrolytic capacitors
and a process for producing the same capacitors, and allows achieving a solid
electrolytic capacitor which has a greater capacity in downsized body in
accordance with a request from the market, and lowering its impedance in a

high-frequency region.
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HaC-HCHC-O - \HCHCHC-0 n

10 capacitor and having a silver layer which includes

silver particles, and at | east one of phenolic

novol ak type epoxy resin represdhted by fornula (1)

and trishydroxyphenyl met hane type epoxy resin

represented by fornmula (2), and not |ess than 90, wt.

% of the silver particles beCcngmmggupi ed by flaky

silver particles, and the flaky silver particles

occupying not |ess than 50 vol. % and not greater 15

than 90 vol. %of the silver layer. cfcH2cHi 2

0- CHz Citt+ CAlzsofi BelRChidly - Bagaditol %bmp%ﬁ%o CH2CHCH2

0- CH2CH CH2 0- CH2CH- CH2 CH (2) " 25 H2C HCH2C-0

H2C- HCH2C- 0 a vli®ve Bietdlhe solid el ectrol ytic capacitor

of claim1, wherein a particle dianeter of the flaky

silver parti al dislecaia okideBilihelaybh AsfdsddNoans feface of the valve
greater than 30m and a longitudinal length of a fla

smetalon of one of the flaky particles is not shorter

than 2 tinmes and not | onger than 10 tinmes of a

t hi ckness of atsolidfdlattrolyts daé0dispbseencd sulbfich!@kthe dielectric
silver particles. 3. The solid electrolytic capacitor

afxidd filmnldyernimed ei n the solid electrolyte |ayer has

an average surface roughness of not smaller than 0.1m

and not gread eathddanla3em disfosbd dha Sakfabe ifeitler 814t iefectrolytic
capacitor of claim1l1l, wherein the solid electrolyte
capacitommidiHaeingta biteat layee valiichandades sileed gertask, and at least
conductive polyner of which basic skeleton is one of

pperof phenbliopieolak aypé igpoxy’ ¥R, repResented by formula (1) and -

- trishydroxyphenylmethane type epoxy resin represented by formula (2), and not -

less than 90 wt. % of the silver particles being occupied by flaky silver particles,
and the flaky silver particles occupying not less than 50 vol. % and not greater
than 90 vol. % of the silver layer.

\
O-CH2CH-CH2 O-CH.CH-CHa 0-CH2CH-CH2
| o Ch ’,'/J\' CHz — &
\ Jn
r \
0-CHCH-CH; O-CH:CH-CHz O-CH.CH-CH2
l N . H\
—C CH — 2
Z K/’
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derivatives thereof. 15 5. A process for producing a
solid electrolytic capacitor, the process conprising
the steps of formng a dielectniioc oxide filmlayer on
a surface of a valve netal; 20 formng a solid
el ectrolyte | ayer on a surface of the dielectric
oxi de i | I er. which .
|ncludgs gmé ggFI ay J&%ﬂgﬂﬁgﬁféace of %%He%Pﬁﬁndedﬁnneam

ebeght Ici?éﬂé)e sﬂ@éﬁe gaartp{jI S I8 mt, e a1 lrvﬁ{% %ylﬁ{tP Laéxci %B%Qeater than

with s ver pas

SBOMAL, R4 ﬁ(‘fﬁ cﬁﬂgl Ehéﬂﬁ?ﬁé fgeﬁ (a;lﬁﬁl ot %ﬁocf tﬁg\ﬁ)ak?’kpartlcles is

type epoxy re repre

t hbs QH&‘!;?B(&?J%? Q%grﬁgé Qﬁ&‘a H;Tl)é ﬁmﬂ%ﬁ &GP f}ﬁgﬁﬁésgq)f the flat

by for not

R igﬁﬁ%fsﬁ%‘ér %SE? FZSE' ?ﬁins'sbv% %
and not greater than 90 vol. %in the silver layer. R
A A 0-CH2CH CH2 O CH2CHCH2 0-CH2CHCH2 5 6_CH2 CHz -
ig)(1)15 %%H%&%W%%%%rdcess 0 the solid
SRS R & B s Al g B 01
m@g@a@é}&%@omd a longit ud| nal
4. The solid electrolytic capacitor of claim 1, wherein the solid
.electrolyte layer includes at least one of manganese oxide and conductive
polymer of which basic skeleton is one of pyrrole, thiophene, aniline, furan, and
derivatives thereof.
5. A process for producing a solid electrolytic capacitor, the process
comprising the steps of:
| forming a dielectric oxide film layer on a surface of a valve
metal;
forming a solid electrolyte layer on a surface of the dielectric

oxide film layer; and

forming a cathode layer, which includes a silver layer, on a

 surface of the solid electrolyte layer,

wherein the silver layer is formed with silver paste, the silver paste
includes silver particles and at least one of phenolic novolak type epoxy resin

represented by formula (1) and trishydroxyphenylmethane type epoxy resin

‘represented by formula (2), and not less than 90 wt. % of the silver particles are
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length of a flat section of one of the flaky particles

is not shorter than 2 tinmes 20 and not |onger than 10

times of a thickness of the fl b section of one of the

flaky silver particles. 7. Th& process of claimb5,

wherein in the step of form ng the cathode | ayer, the

silver paste undergoes heat treatnment at a tenperature
o@CCHBte(f lon@rky sHverBaticles witich actounity faynatHass theeci0 vol. % and
and a curing stress of the silver layer is not smaller

seotgreatarthanP el Yrindbesilvanlayeso kg/ cne.

s ™
0-CH2CH-CHz O-CH.CH-CH> O-CH2CH-CH»
l AN | AN | AN
CHz CHz (1)
. ) n
4 A
O-CHsCH-CH2 0O-CH,CH-CH2 O-CH2CH-CH:
| e H ")\ H C
C C 2
H2C-HCH.C-O tlzC*HCHzc-O ) n

6. The process of claim 5, wherein a particle. diameter of the flaky silver
particles is not less than 0.1ym and not greater than 30pm, and a longitudinal
length of a flat section of one of the flaky particles is not shorter than 2 times
and not longer than 10 times of a thickness of the flat section of one of the flaky

silver particles.

7. The process of claim 5, wherein in the step of forming the cathode layer, the

silver paste undergoes heat treatment at a temperature of not lower than 180°C

and not higher than 230°C, and a curing stress of the silver layer is not smaller

50 kg/ em? and not greater than 300 kg/cm2.



