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1 DESCRIPTION Solid Electrolytic Capacitor and
Process for Producing the Same Technical Field The

present invention relates to solid electrolytic
capacitors and a process for producing the sane
capaci tors. Background Art 10]Electronic devi ces have

been digitized recently, and this market trend
demands capacitors used in those devices to have a | ow

i npedance at a high freBES{BIFEHNN and a greater.

capacity in a downsized body. In order to neet this

demand, plastic-filmcapacitors, mca-capacitors, or

| am nated ceram c capacitors are used. O her than
t hose telphElectralytiaCapasiton and Precsisy forrPrdlucinstie Same
alum num solid electrolytic capacitors, tantalumsolid

el ectrolytic capacitors are also used for neeting the
foregoi&g demand. An al um num solid electrolytic

aldnelds forned by this method: positive and

negative el ectrodes etched and made of al um num foi |

ar e Vb dresgntyiinventice pelatesr tor Ivelidbeleatrelyticagdpacitors and a
liquid electrolyte is used. An 20 al um num solid
erosessyfor producing dla¢ samegAdacitarant al um sol i d

electrolytic capacitor aimto inprove the capacitor
properties at a high-frequency region. The

el ectrolyte of those capacitors is made of solid
Backgrpung Ast such as conductive polymer or manganese

oxi de; the conductive paolyner is fornmed by )

pol yridlectzpaig devgresrbare hespodertizedc recentlyy and) thigmarket trend
t hi ophene derivatives. Those solid 25 electrolytic ]
dupardy srradipye usedingdwse slsatrearte have adawaimapedasice at a high
%n the market._ Figs. 6A and 6B show structure of a

eRuency degncithe greatss cgpaerty mn aolavangized bedy: ollptqrder to meet

capacitors. Fi g 6A shows, a perspective view of the )
thag gemapd, plastic-film capacitors, mica-capacitors, or lammated ceramic

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 therebetx.rveen,. and a liquid electrolyte is used. An

aluminum solid electrolytic capacitor and a tantalum solid electrolytic capacitor

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

electrolyte of those capacitors is made of solid electrolyte such as conductive
polymer or manganese oxide; the conductive polymer is formed by polymerizing
polymeric monomer such as pyrrole or thiophene derivatives. Those solid
electrolytic capacitors have been developed and are now 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 Cl1- G

Val ve netal 31 is roughened by etching process, and

has anodic oxide film32 (hergj nafter referred to

simply as "film') on its surface. 5 Insulating tape 33

di sposed on film 32 divides valve netal 31 into anode

| eader 31A and capacitor el ement section 31B. On the

elgetralybicoeanaditors? Hig.cepaghaver a desspastiveetieon! 3hB, capacitor

the follomng two |layers are fornmed in this order:

@-l@me@t a1de 18. i tshowaya secipned daewt ofcdhedeleniens shown in Fig. 6A
| ymer, and :¢gonductive |ayer 35 nade of a carbon

uaésye@ralana lines@ivEr. pédve mefpbBl icapuehened by efehing ygocess, and

Is thus 10 constructed Anode | eader 31A and i

leahanedir psideaijla 335 hereanaiserpreferred tasimphies “Hlay Qnonal:s surface.

and_a cat hode term nal respectlvely (not shown).

Tsvlatingpang 83 disnepedentlilas3? divder vatyeppeta 3du11ﬁé¢ anode leader

ca3|ng resin (not shown) forned by nolding, so that a

3bh padaapatiter glermtentgegdrn gl B. s Qpthe suantaca 5f ffm 32 of capacitor

el ectrol ytic oxidation polynmerization nethod. and.a

Jpment seciden FE, dhe olpyirg twat lagerarara (fferrmda UR b oxder- solid

met hods of faormng solid electraolyte | aye

cleetsplatnipyes ddmarlsfepntie thwpolamﬁngaé @§€d’d¢t®‘5@ lager 35 made

| ayer is formed in advance on_film 32, and SO|Id

o) éc@qrbpptlé\ypa;ﬁ@ﬂ 34 sileer pasteq lasiert h&Eapgetan element 36 is thus

di oxi de ] ayer. According to the |atter nethod, solid

¥W¥ﬁﬁ¥ﬁﬁite layer 34 is 20 formed on film 32

directly he carb yer and the silver paste |a
are fi%‘ﬂ ftf’;ileﬁp%]r*§ %}f tq%du?tégepﬂewrv SOpaLY égupled o an anode
ava|I le int mar ket _and dry| g, the

rtdoa Pﬁ@log‘ﬁé@%‘ﬁinﬁlﬁe%?ﬁqt’aﬁ Guog &E‘aw&g 'Efa fe capacitor
Appl [ catl on Unexam ned Publi cation 599 X
JemeRE SEHE CATeLE a@f AR QUERT ¢afang 6?%6&?’495 Fg%‘lvp)j %Orme by molding,

troli/l cgﬁacltor Iargelg de end on conducti ve

a@'@ ﬁﬁ‘g‘*é yhf gaR2HEAS PEYAReGNd t he silver paste
'ayer s SleProbiiclaaten ppr e ization method and 2 chemich! oxidation

polymerization method are known as methods of forming solid electrolyte layer
34. According to thé 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
respective 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
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of silver particles of the silver paste |layer, its

particle shape, a ratio of resin material vs. silver

particles affect an equivalent series resistance

(hereinafter referred to as EFSR ) of the capacitor

characteristics. However, optimzation of the silver

particles material and |ts particle 5 shape as well

as the ratio of the silver particles vs. epoxy resin

o edvaraparties pf shhever nastedlagpr,cis dastiglgrshape, a ratio of resin

avai l abl e in the nmarket cannot achieve a capacitor .

magerighvs.sfiles narsiclasaafient am eqniyalent serigsgresfstangeee fhgpeinafter

regi on needed for the dl%ltlzatlon of electronic

wiorred $o aAnESR bof theecapasiter ebavactasistissn the car bon

| ayer_and the silver paste 10 |ayer becones hig

depentdpPWgven eptnizpbier elotits silver prréeles cm@tewlr @n@/ués particle

l.ayer 34, so that the ESR of the capacitor becones

shagte. apivedl gsuibe watiq af dhe isHiven Paaticles olse opPEY yesi@ (reactant of

capaC|tor of _the present invention has a valve netal

hisphewpl Aornd erichlarayidrineavilalie imethe markehicgunot achieve a

order: a dielectric oxide filmlayer, a solid )

ANEEHPY tb@fesatasﬁ@ﬁ the charactemsiaercin ajgh fragpemey vegiemaeeded for

cathode | ayer has a _ silver |ayer, which includes
U%%ﬂQWQﬁQ&§¢HﬁHC§PV$%%St ei ther of phenolic

novolak type epoxy resin represented by formula (1)

and ARy WFFWH‘H%@ ttbséraéb@wa}’@sand the’ silver paste

&
repr sente ormyl a (2) 20 least 90 wt.%of th
?C%%ﬁ%dtng?ﬁéiep&n@ng ek, sua epﬁasmomf ﬁ@hflteileqt@yte layer 34,

uanF% to 90 vol, % QCHCH CH2 | 0- CH2CH CH2
] -fblg macitopbespmest logh. | 0o cooH OH2 (2) A

Disclosure of Invention

A solid electrolytic capacitor of the present invention has a valve metal
and, formed on a surface of the metal i this order: a dielectric oxide film layer,
a solid electrolyte layer, and a cathode layer. A part of the cathode layer has a
silver layer, which includes silver particles and at least either of phenolic
novolak type epoxy resin t*epresented by formula (1) and
trishydroxyphenylmethane type epoxy resin represented by formula (2). At

least 90 wt.% of the silver particles are flaky, and the flaky particles account for

- 50 to 90 vol. %.

\
0-CH2CH-CHz 0-CHzCH-CHz 0-CHzCH-CH;
| AN | BN | SN
: CHz — CHz (1)

\. Jn
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H2C- HCH2C- 0 H2CG-HCH2C-0 Brief Description of the
Drawi ngs Fig. 1 shows a sectional viewillustrating a
structure of a capacitor 10 elenent of a solid

el ectrolytic capacitor in accordance with exenplary
enbodi nents of the present invention. Fig. 2 shows
characteristics illustrating a relation between a

vol une occupi ed by flaky silver pakticles included in

a silver |ay angd ESR characteristjcs of the golid
el ectrolyt. '
'F%b 7 i meg

ancelwith a fi 15
nt nve@tql'@ﬁl."'q‘sﬂ?g. 3
at i on bet ween
ey i cal
id 2)
ne first
i nvéntion. 20
ating a rel ation
| ver | ayer and
ctrol ytic

bet ween a
ESR~char act
ca itor ¥n accofdarCe with/a second exenpl ary

EofpbEHAe@t of the \JrEBeC-Oi nventi o Fig. 5 shows
characteristics illustrating a relation between a heat

Bref Pesgrindion efthecPrawingsof sil ver paste and curing

stress of the silver layer in accordance with the i
secorfigeerbows ya ceptionak vievofillupaapings anstrigipant ¢foa. capacitor
Fig. 6A shows a_ perspective viewillustrating a |

demgat upk df sdlid aplgelirelytics capaiton Bf agcersapent MaHn| exemplary
solid electralytic capacitor. Fig. 6B shows a :
eyabedigeants of &y presehblyepiiont or el enent shown in Fig.

6A. Detailed Description of Preferred Epbodi nents

Exendligr ¢ showslichasederistiendllpsizatng 2 medation besween a volume
denmonstrated 5 hereinafter. Simlar elenents to those

qegupied bys dleday \alverppartees singhuded o a silver layer and ESR

characteristics of the solid electrolytic capacitor in accordance 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 relation between a curing
temperature of a silver layer and ESR characteristics of the solid electrolytic
capacitor in accordance with a second exemplary embodiment of the present
invention.

Fig. 5 shows characteristics illustrating a relation between a heat
treatment temperature of silver paste and curing stress of the silver layer in
accordance with the second exemplary embodiment of the present invention.

Fig. 6A shows a perspective view illustrating a structure of a capacitor
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same reference marks and detail ed description thereof
is omtted. First Exenplary Enbodinent Fig. 1 shows a
sectional view illustrating a structure of a capacitor
el ement of a solid electrolytic capacitor in
accordance with the first exeriplary 10 enbodi nent of
the present invention. Alum numfoil 11 undergoes a
surface rougheni ng process, and a dielectric oxide
ehmﬁrﬂt@ﬁercomzel(tﬂ:@naiu selifltedectralylee paphdtor. sinply as
"filnm) is formed thereon. Insulating layer 15 divides
f oi | Hig. 6Btshowsodectivmal visw aftherahpaattonelemeadshownnia, Fig. 6A.
In cat hode section 14, solid electrolyte |ayer 16 and
BatailedeDesoymtiorrofPrefémedBanbodintends or der, t her eby 15
form ng cafa0|tor el enent 18. Layer 16 can be a single
| ayerExgmplaryapmbegdiaments chtthedpresepérinventionf ererel¢mdnstrated
carbon layer 19 and silver |ayer 20. Anode section 13
henginafterod Similer iedemamsdpdhesaipl e raspeeldyreembodiments have the
term nals (not shown) for outer devices. An outer
s8¢ neferenermarks anddeksiledaleseription fheveobis enitetht 18
with the respectlve term nal s exposed partially. A 20
Eupt Bxemplanydiypbodimenfaci t or i s thus obtained. To be
nore specific, the solid electrolgtlc capacitor is
const¥igetleghpyvst aesectighpbowiery Hagtratings anpiracigreupf 2, capacitor
first, a surface of foil 11 of 10mthickness is
¢lomenewéa sl eleetrohiic erpasiter i merardenesvash thafirst exemplary
then foil 11 having undergone the 25 surface
mhearnteli thegpyssent imvention: e Algarinunbipibil Jyadergoes a surface
annnnlun1ad|pate Then foi| 11 undergoes_ano
wgbamwwe%iawgi agpledmepxydy filgdaper 1%3&1ereanmr referred to
mnutes at 70C in the water solutjon, so that film 12 .
sipply ase dilng) Nedormed) theyeoron Tngvlafig [averold dividesrdefl 11 into
is shaped into a belt-like form having a width of 6
eﬁﬁdeareaemm uldt erm},; tathade 19ochane 1d¢  plat yGatherle rsegiipn 14, solid
Is .stuck to foil 11 in order to, divide the

@aerr@laae daveroil eﬂd .eﬁfhe%hz@rsb’éﬁr@ rformegnin thist pisiee thereby

ection 14.
f%rmmg capacitor element 18. Layer 16 can be a single layer or plural layers.

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 resin (not shown)
covers capacitor element 18 With the respective terminals exposed partially. A
solid electrolytic capacitor is thus obtained.

To be more specific, the sohd electro_lytic capacitor is constructed in the
following way:

In sample Group 1, first, a surface of foil 11 of 10pm 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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'daerz

- RewbacPysvole mapomeriy5 neglfa apd seduie wrapyingp

5 Cathode section 14 is press-nolded into a conb-1ike

shape, and a conb-Ilike shaped cross section of foi

11 undergoes a chemical treatnent simlar to that

used to electrode foils of alwymnnumelectrolytic

capaci tors. Next, cathode section 14 is dipped into

wat er solution of 30% manganese nitrate, and

under goes air-drying before it undergoes heat ]

deconest, tihdrllaen wlgchddo f8ris formed us ehaped intmaa helt-like form

manganese_ oxi de | ayer as a conductive |ayer (not ) ]

bivong)a wid thoofresim, Tridinsajasing laygr Jérmade of pelyspidegresin tape is

el ectrolyte layer. Polynerizing liquid for formng the

steck do é‘o% didnployder tagiards theps fodebtintepneds section 13 and

monomer 0.5 nol fL and sodi um

ertbpge regiinthid.ene-sul fonate 0.1 nol/L are mixed in

advance. Water as solvent and propyl - phosphat e_ester

25 15CpHhode] et dde indereds Tislded. ép cyoiomb ket shepe, and a

so that pH of the mxture is adjusted to 2. Cathode o

el ilike shaped cassseatiompbioilhl supdengees pabagitalgueatment similar

and an electrode for starting polynerization is

i thas wsed se electrodn doils pfaluminhnceleplgglyticaperigorsi4, so

that electrolytic oxidizing polynerization starts.

Sol i dNexte sathsidgtsectipmyidris thppedhinterwaign soltiopeofy#l% mpanganese

is thus forned on the surface of the _ 20 conductive o

pigyade, anfepndengopsadefrans venforn i andpegres shepdplgcemposition at

and dried, so that carbon layer 19 is formed, and )

200 Getor ok pinpites, 59| thal samangianese oxisle layer ¢8| g ¢pnductive layer
0,.is formed to be cathode | ayer 17, Silver

g shown) issformede dThis lavppisaypar: of thejsolid elesfealute layer.

bef ore heat treatnent at, 200C for 10 m nutes i )

pr oviRdgmeyizimg liquiqd far foyming the Sﬁﬁﬂcﬂ@%rreb’tq a%xfer is prepared

anode_section 13 can_be obtained, thereby gg;)%ucégglf te 0.1
ene-sulfonate 0.

ollbi 28 ey GTEERE: ofLated a5 SolTRA 48 RERISY Hhoaghate cster as
el oetes g Gleco HiIbroROlBEgR OBy 0 BRI o Gisture is
J@ﬁ"g,@a&%d%gl SOTIoas sbotion 14 is Gipped Thic this Dalymerizihg 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.

lThen, Colloidal carbon suspension is applied and dried, so that carbon
layer 19 is formed; and silver paste 1s 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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solid electrolytic capacitor is obtained. This

capacitor is rated at 6.3V and 10[tF. The silver

paste form ng of silver layer 20 has di spersion of

particle dianmeters ranging fn?n1Upn1to 30j Am (aver age

di aneter; 4tun) and incl udes | aky silver particles

of which dinmension, in terns of a ratio of vertical

| ength vs. horizontal length, disperses froml1l:2 to

ib: dipladite addeesecpines eld nglthel dentipatsdehody. c Amptbemierminal is
type epoxy resin represented by formula (1), )
toppded) 4o watlwdedagerscl Jydndovhtar cosing résiy, agdetof eagdepoxy resin,
et hyl ene gl ycol nonobutyl ether as diluting agent.

stivers {awseatediadeinahts 38 evithxde, teaminadsrpantiadiyoexifosed, so that a
silver particles vs. phenolic novolak type epoxy

sadsl eldctrolytan gepacitort isaobtaieedi | This cqmmcttoe [iesratedh at 6.3V and
occupy the volunme at 40, 50, 60, 70, 80, 90, and 95%

1620 Next, sanple Group 2 is described hereinafter.

In sanple group 2, trishydroxyphenyl nethane type ]
epoxyThe siilver gmsts donretheh pf fsdlvau|lay¢2 R0i basislésperaion of particle
material of the silver paste instead of phenolic )
diovasitaks ranmingfoxy ¢.qwinntai8em (averagepfliampteripdum) and includes
Gt her materials remai n unchanged fromthose of sanple

faly sidvgr partishes aftvehiohb [dimension. patérors offa ratéo of weajical length vs.
silver particles is varied for producing solid .
1@¢remnt@f viength; agispenses sfram Slé%etoaé‘]sfhnp'ﬂ'glsg sgder pasge includes
(2) R H2CGHCH2G- 0 ~H2C- HCH2C-0 Next, sanple Goup 3 is .
pherolichrevdiek dvpafapexy nefins zepresentedupy Jormphim gﬁ diydrgquinone
novol ak type epoxy resin represented by fornmula L
diglycidyls Blherosy peremgg rgemin endy sthyleag yelyedlj mono
represented by fornula (2) are wused at_a conpoundi ng .
dikiting otgemd: 5 thpeg imategials ravesmived. pagpEngoraiiggf siver

particles vs. phenolic novolak type epoxy resin is changed so that the silver

1)
utyl ether as

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

4 R

O-CH2CH-CH2 O-CH.CH-CH2 O-CH,CH-CH2
SN I SN
CH: — CH> | @
z 7
N Jn

Next, sample Group 2 is described hereinafter. In sample 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 for

producing solid electr_olytic capacitors as same as sample group 1. -
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silver layer 20. OQther materials remain unchanged from
those in sanple group 1, and the vol une occupation of
the flaky silver particles is varied for 15 producing
solid electrolytic capacitorsé?s same as sanple group
1. The silver paste includes curing agent and diluting
agent in addition to the epoxy resins represented by
formulae (1) and (2). Curing accelerator or coupling
agent can be used if_necessary. As curing agent,
hexahydr opht haliic Anhydride, nethyl hydropht halic
anhydri de, polidynhenplic materia uch |as 20 phenedic
novol ak G—QMHeiiﬁxy esi n, OCH.8Hi0M2- baged q;u@ﬁgm-ndi-ig;uch
im ndlanlde I's used.
ceIIoscIv-

@_Ft_e_[ - u 3 , (2)

afft er bei ng
of |[f oregoi ng sanpl e

st1cq of a solid
er sanple group for
coppaydIsen pur pose ZQ_HGF%@I 9in Fign 2. This
capaci tor uses bisphenol A type epoxygresin i nst ead of
phenolic novol ak type epoxy resin used in sanple
gr dept, sampleiypupo3 1Se41¢ss;r1bpééle§@mﬁ£teé4 ekt isf@nqu group 3, phenolic
capacitors of sanple groups 1 - of mhlch vol une
WYOLRIaNCYYRE t BBOXY akyesin| veﬁepp%ﬁentttd esbyn dorpgla (1 and
| ayer ranges from 5 50 to 90% are excellent i n ESR

deerphenybmethaagelxpe ABOXHBEEN: Fepresaterh by fopmulp (2) are

other hand, capacitors of _which vol une occupancy of
yaedkst Bajomrguariing rafiesef 5¢:a asomaseriak ek te stver aﬁete forming
poor in ESR characteristics. The reason is _this:
silver dager 0. t Hathes| maseralsupemaln vashanged from, tlaose in sample
resistant value_of silver layer 20 increases, and.in
grup chsandthe yelwse nesupaiien o dhe daloegilyry partides is varied for
bondi ng strength _between silver |layer 20 and soljd

redueing syhé qle,@;g;ly@g caprcators @s\waple as sample group 1.

The silver paste includes curing agent and dilufing agent in addition to

the epoxy resins represented by formulae (1) and (2). Curing 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 solvent, carbitol'based solvent, 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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- @Pneparad

have a plurality o

The solid electrolytic capacitor of the conparison

sanple group finds better ESR characteristics at the

vol une occupancy ranging from80 to 90% however,

they are still poorer than thgse of sanple groups 1-

3. 15 The Phenolic novol ak type epoxy resin

represented by formula (1) and the

tri shydroxyphenyl net hane type epoxy resin represented )
iy Figo 2rruTing eypaditav arsas pisaphanol \ tybe epaxy iregingnesigad of phenolic
whi | e conventi onal epoxy resin has a single group.

veldf e, epoxgyrepimogigdengiasaplergretp dss at their

curing, so that a contact pressure between the resin
and theFig. dkiells, the solpd eldacttobetitc papasitoes of Fmapkogroups 1 - 3, of
resi stant value of silver layer 20 is thus reduced,
whithadiemermpeupénei di/de flalgesilvaapansicias indsiliee dayesl spmges from
| ayer 16 or other sections of cathode |ayer 17
50 Wésare Sicellent puEER dharasigristics ramplt netemote thak y00 m Q2.
sil'ver garti cl es and spherical silver particles is ] ]
endagdmphpaytoss of svhithevolamieceecopandyarly flaky pawticles is

particles vs. spherical silver particles in the -
lesx thare 5Qbeosexceeds, 9086 are poor 90 ESR gharagegstics. 5 Thenepasen is
100 : 0. Oher materials remain unchanged fromthose
this: saniheecapeovipthe veltans etqupasicedessothan S0¢apaepsistant value of
of sanple group 4 are thus_ produced. The case where )
s¥ver Jnxer 88 iipcressepoand dn jthe ppase piethesvainmeppeasipapre exceeding
&rou 1. 10 Vol unme occupancy of silver particles in

%.vbondingestrompthshetmicenosisoy, lagar 29y apd golidaplecteplyte layer 16
di aneter of the spherical silver particles is 4m Fig.
ImcemenavemER characteristics nmeasured at 100 kHz of the
solid_ electrolytic capacitor imedi ately after
pr odUidked splad pledrelitie ccapackor sipihe comppigpn sammple prpup finds
3 tells, when an anount of flaky silver particles is .
hettarcBSR dmmactapjsticheateR Eplnet PerURATICE aging fpm 80 to 90%;
capacitor lowers to not nore than 100 nQ  \Wen an

et ey ape stillaoprer thaay these of saaple grqupsd + Ban 90

wt.% a resistant value of silver |ayer 20 jpncreases,
so t fEhe Phenglgrnggelgietyni epexyTresin gepksseRtedibE dosankh (1) and
concl ydes that a_solid electrolytic capacitor 1% :
the ceishydroxypheoxlopthane &YPe©PesY Ji9ain rpetesanted by formula (2)

characteristi %s can be obt aiﬁﬁd . . .
reacting groups while conventional 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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when the follow ng conditions are satisfied: silver

| ayer 20 includes the epoxy resins represented by

formulae (1) and (2); an anount of flaky silver

particles is not |ess than 92 w. %in silver

particles; and a vol une occup Rcy of the flaky silver
particles falls within 50 - 90% 15 The flaky silver
particles of which dianeters disperse fromO0.1 to 30m

Yoltned  ostipancyvef ageep pariiclee i aetrelayes 20hiareetuted0%. An
however, the particles of which average particle

averagt eartieleghsmbtarmfthe sphdmcalaiber pactdesissdum.

advantage simlar to what is discussed as above. It is

mor e Pigefrshioive ESRusbhargrietisti¢se snedsuntd cit 20@rkalde of the solid
di anmeter ranges from3 to 8m If a particle 20

electmelydic cdpaditer fibakgdiately eaftpaprodied im as¢drdance awith sample
20 falls outside the range of 0.1 - 30m silver

panpi £ eds iz dtedlsawhencam powning of dlakxctilver phridees is at least 90

‘other, so that a resistant value of silver |ayer 20

Wwhés, she &3SR charactenistiesrefthis capmcitondowérsky nofiapereghan 100 mLQ.
silver particles should be this: the [|ongitudinal

Wegt an eimeurt] eft theellakorilvempadidlesin lewe than t%¥hwi v resistant

of the 25 thickness thereof. Use of the flaky silver

yrdne iof kBver kalybr BQ indreageas, sttkat thegeSRbectmes higler s t he
resistant value of silver Ia%er 20, If the _ .

| ongi Thelifarggoing gliscussion| eencludem thab a isplid eectrplytic capacitor
t hi ckness, silver particles contact with each other 11
exceBenthin ESRydhanactesistion and; mepedagics characfatigkicsean be obtained
silver layer 20 increases. If the |longitudinal length
wheedbs folawingreenditions are wabished ssilvendagipx E0riaciudes the epoxy
silver paste_beconmes uneven d the bonding strength ]
xeping repeesantod by Jormuakieddl and &e anezngvahef flalysilvar particles is
| ayer 20 as a whol e thus increases. In _the present

rotbless tham 90cwt-HodB silypeparticles: and mevplomespqcyppneygpbthe flaky
20 and carbon layer 19. It is preferable for carbon
silvpsipartcles fallewildindls- 99%. whi ch particle diameter is

not greater than 5im_ Cathode |ayer 17 can be forned

of orye Sakyciverperticles of oviseb sligmmiewphisperac from 0.1 to 30um

Enbodi nment ) ) i i
and of which average particle diameter is 4um are used; 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 8uym. If a particle
diameter of the flaky silver particles in silver layer 20 falls outside the range of

0.1 — 30um, 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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In the second enbodi nent, the silver paste, of which

flaky silver particles occupy 80 vol. % of silver

| ayer 20, is used. Heat treatnment tenperature after
formng silver layer 20 is seh bet ween 160 - 250C in
steps of 10C. O her conditio L remain unchanged from
those of sanple group 1 in the first 15 enbodi nent,

and solid electrolytic capacitors of sanple group 5
air pointriis-poprtp dol tleat. thEestsipat valune dfsiliveylared@0gmeceasee. If the
heat treatnment at 200C is equal to the one of sanple
pngitpdinal Beggthesheds teESRnwsarfdbe shickness theasixtere o the silver
100 kHz inmediately after the production of the solid
phsde t bezbyes comaeacand rthei borebog radvangshvift silverelayee dbnhweakens.
20 enbodi nent and neasured at 100 kHz of the sane
Hhe eesiSOMt valuesofday 0B Caniatwhole thoadocrEages. 5 shows t he

nmeasur enent of curing stress of the silver paste. The

cur i np ther peesentambodiment catluveskayes 37 ds domeedi of ailver layer 20
curing of the silver paste applied and having
amd eagoore layre h2atItt isepraferable Tore caxhamlpysrr B 4o wencarbons of
be found by this nmethod: the silver paste is applied
whidh panticle gliagetérmis ngt eateyi tham Hhine k éathoderddyehd7 can be
%I ass undergoes heat treatnment. Then warp of the

owed dfloabssileerdayen?®d for calculating the curing

stress. As Fig. 4 tells, the capacitors having ,
undergone the heat treatnment at 12 180 - 230C show | ow

ESR characteristics, this is showm by both the
enoadi Examsplame ¥oubedimemtedi atel y after the production

and left at a high tenperature with no |oad. The .
capadin thessegomd embpiments the sdven pastanefovhiehfladsy silver particles
Increase in ESR: characteristics. 5 As Fig. 5 tells,
qaeupy B0 vad- Wt ofesilyenayare2Qiip weedpableat &@@gwagtt demperature after
treatment tenperature. Heat treatment at |ower than
fosmingrakluer daperny) isseteshetvear 160an250'(ip shpsapid10°C.  Other
bondi ng strength between the flaky silver particles
comditders yremain nunehangedo framt thesr eh saaenler graures! in the first
become poor. On _the other_ hand, heat treatnpgent over

‘abolimgnds and isald seleetzolyiticgrapaditian gosample group 5 are thus

produced. The capacitor having undergone the heat treatment at 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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10 kg/cn2 ; however, cracks occur in silver |ayer 20

or silver layer 20 peels off when it is left at a

hi gh tenperature, so that ESR characteristics becone

high. Detailed studies have und that excellent ESR
characteristics are obtai nabl when the curing stress

falls within the range from 50 kg/cnR2 to 300 kg/cnR.

The foregoi ng di scussion concludes that it is

180 @88NC ehvw lswt EGRdwmiracttGistics dhieist shosnp by doth ¢he capacitors
between 180 - 230C in order to | ower a contact
measstedrnioemediabdy diftey the grgdeitioreangdeft nt bdsighiteinperature with
epoxy resin and also lower the resistant val ue of

0 loadr Theenpadtorshiutaf ErisrtpirgreyatErb sdnge nho® GirSaepdase in ESR
6 of the third enbodinment is described first. In
charptterBtics.cat hode section 14 is di pped into water

solution of 5% soluble aniline, dried in air before

it unsediges tedlat the eatrimenstass 200Bef silve pastat depends on heat
This preparation produces a conductive polyner |ayer )
tremtmarttotaipeitate.| Heatptrentwent atslowed tdlasc #8016 meakes curing
| ayer. This polynmer |ayer corresponds to the manganese
sBessxlosker| thear Slskgicind aadyliondipg sprengtin hetweenrite flaky silver
enbodi nent. Then pyrrole nononer 0.2 nol/L and

peapiclasadsh epoXonesie wieali, watthag KSR cherddteristicebeehy @gor. On
into solvent formed by m xing water and propyl )

thethet handchesthyirentotrrgi avgr 230§omakesicairing stiress kigher than 300
be used for formng the solid electrolyte. In this
kgitpAehowever, taghs dccaninediber da 3hber sibrtlpyey 20 peels off when
polynerization is placed close to_ the_ surface of .

it ashlefle at ex thigh temperatiug, et thaty SR shiayaeeristies diecpme high.
carried out at a polymnerizatjon voltage of 1.5V. i
Refiailgd eitudies hamecfoundethateensallemig ESR shanasteristiosuateaehiainable
roughness of 3.8mis thus forned. Other conditions and

wher theituring stiess {allswithin the sangerzem & kelem?itp 80P kg/em?
enbodi ment, so that a solid _electrolytic capacitor is

pr od I3ed foregeingagisensaion rcongludeatthet 1§ dappreiepable ta set a heat
Next, sanple 7 is described hereinafter. In sanple 7,
trepfmeent &empeeatups| katwerni 480 | + RRABCubR Priar stomipwer a contact
group 1, thiophene nmononer 0.05 nol/L and

resistance by bonding flaky silver particles with epoxy resin and also lower the

resistant value of silver layer 20.

Third 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, dried in
air before it undergoes heat treatmeént at 200°C for 5 minutes. This
preparation produces a conductive polymer layer (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/LL and naphthalensulfonate derivative 0.1 mol/L are dissolved

into solvent formed by mixing water and propyl alcohol, thereby producing
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10 napht hal ensul fonate derivative 0.03 nol/L are

di ssol ved into solvent forned by m xi ng water and

et hanol , thereby producing polynerizing liquid to be

used for formng the solid eil ctrolyte. In this
polymerizing liquid, an electrode for starting

pol yneri zation is placed close to the surface of

cat hode section 14, and electrolytic polynerization
pdymerizingg loptidato depobydrefor zforinang vidiet aghid ofledtrblyte.15In this
O her conditions and materials remai n unchanged from
pdlpmeraing hquid, rat eleetdoddifoestarting pdixmenizadiondis placed close to
el ectrolytic capacitor is produced in a way simlar to
thieagurficesafnaitbody sepion. 1465zl eledtrolic polytherizadtioass carried out
solid electrolyte layer 16 having an average surface

ato agholysseradatibnl volthigxtof 3aVpl Sdid sladsdyiebdayer 16 having an
hereinafter. In sanple 8, instead of the 20 '
puirggersuzrfacg tdughindssi of B3.8pms sanphes fprmed. Other conditions and
et hyl ene- di oxyt hi ophene nononer 0.1 nol/L and
matdridlalremsinh umchtegetbfrownthose of thé first ¢mbadienent, so that a solid
di ssol ved into solvent forned by m xi ng water and
gleapeliytialcaphcitar is peodinedincdway sympler yorthatzifrsgmple guowp 1.

to be used for formng the solid electrolyte. In this

pol yidextzisagple dlile, desaribed dwereivadtefor Iissanmnle g/, instead of the
pol ynmeri zation is placed close to the surface of
dyhedieigsligeict wssd insanple srbep Ly thipphengulopenrdar k% orl/L and
is carried out at a polynerization voltage of 4V. '
eivhalemsulfonatesdenienatitet @ OBanel/k aureidissoisidainge dolventrformed by
those of sanple 7, so that a solid electrolytic

oipag iwaser apdmthanele therghipiredacing pobahexizing liquid to be used for
el ectrol yte layer 16 of which average surface

foomirmabe sadidzpleshmolietet , [nathis epdymerging didvad, an electrode for

hereinafter. In sanple 9, solid electrolyte |ayer 16
shantimgy pelymerizatinn uplheed close i bl sugice of patihgde section 14, and
produced in the follow ng manner: cathode section 14
alectorlpie dolymerization is giauried rowf aizeopdymeiiyatienevoltage of 1.5V.
nitrate, then dried in air before it undergoes heat

Qthsat eanlitions @obaateriale remaineyncimmgeds drorpfthoge of the first
treatment is repeated 15 tines, so that a_ nanganese
epxbatinieajeso that g wlidedectzelytisicrpa@tards papgaced iy waygimilar to
Ot her conditions and materials remain unchanged from
thabobsympiagpuwp §r obpmple ddhus produced has solid electrolyte layer 16

having an average surface i'oughness of 0.1um.

Next, sample 8 is described hereinafter. In sample 8, insteéd 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 ligquid,
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 sohd
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in the first enbodinment, so that a solid electrolytic
capacitor is produced. 10 Next, sanple 10 is descri bed
hereinafter. In sanple 10, solid electrolyte |ayer 16
havi ng an average surface rouggness of 3.51xmis

produced in the sane rmanner sanple 6. In the

production, cathode section 14 is dipped into water
solution of 5% soluble aniline, then dried in air.

élattirolyte dgerilérofiwhitheveragedenfomesobghbedsriea30fiurh  at

210C for 3 mnutes, so that a conductive polyner 15

| ayerNéxptsaniyder is dbsaibddshergiaafient Inhmmsplei 9 solid electrolyte
el ectrolyte layer, is forned. In the electrolytic

lpgby i hasiig anf avdrage rufae forghatessrofo?.1pol ysproduced in the
| ayer, after-nentioned polynerizing liquid to be used
fotlowfimg mMaagnétiecashbdel setteon r bt y$ elipped ustd wadthe solution of 30%
polymerizing liquid is formed in this way: pyrrole
mangapese) nitratey | then adided aphairabefosa lif omdergader heait freatment at
0.1 nol/L are dissolved into solvent 20 forned by

3R Crigr dftreinwesl gFloisydet af thrhtleat:@ehtis wapediad bhsinees so that a
materials remain unchanged fromthose of sanple 6, so
mhaganessoldxitice laya ¢4 yprioducedars tsohid elecpobdactayer 16.  Other
Next, sanple 11 is described hereinafter. In sanple

ahdigand dné eateriols tamaimyacharezddafromothese af en group 1 used
surface roughness of 32.5mis produced in the 25

indihlediish gmimdinaent, Bp that a aokid ethetrolytac eaniagiter 14 pyasiuced.

(not shown), which is a part of the solid electrolyte

| ayerNexts sampled0iin desnribednkeneamafter. adn samylle 100solid electrolyte
formed. Qther conditions and materials remain .

lapeh 36 Jeing amavhrage virfa® oagbnessof 3 5umhistpredyed th the same
el ectrolytic capacitor is produced. Next, sanple 12 is ,
wenver sdshwpld Gaf forthe predugsion, rathads pertiineddr i ¢ipped into
| ayer 16 having an average surface roughness of 12.5m
wateyrsobittdeniof 5lotseluble enilong, ihenuliediin ant Howdhosleerden 14 then
14 is dipped into water-al cohol solution, in 5 which
undergoss hett/eenyhenteaty2 XY fori Hrrnentespsr yata epreductive polymer
sul fonic acid including binder and 1. 0% of sul fonated

lppeyy glmtl shosvnly evhigks dvpveart afitbe selid) dectyplyte Barotselormed. In -

section 14 then und_er%_oes a_dryi ngE process_at 150C for
themiclasteadytinspolymerization following the formation of polymer layer,

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/Li 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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a result, polyethyl ene dioxy thiophene pol ystyl ene

sul fonate layer is formed. Then cathode section 14 is
di pped into-ethyl ene di oxy thiopene (heterocyclic 10
nmonomer) solution, and pulled. up. This solution is

m xed sol ution including 1(055) part of ethylene

di oxy thi ophene as heterocyclic nononer, 2 parts of
ferric iron p-toluenesul fonate as oxidi zing agent, and

‘dgampale § softhat hwbhd electilypotawamitor as ponluwetlvent . Then

cat hode section 14 is left at 85C for 60 m nutes, so
t hat Nexki, dasipde l2ab gescifilbgdeherbdnditerre dn shnpde &t helieakectrolyte
di oxy thi ophene, 15 conductive polynmer via cheni cal
ey i hauingoan dvwerage sedfacetiosghuessdof 18rigum dadproduced in the
materials remai n unchanged from those of sanple group
follosrng nmrtee: f cathode eebioi tdns dippesbintd vedtertalodlyalisolution, in
capacitor is thus produced. Sanples 6 - 12 enpl oy
whilclel.OPayEpolgethiyienhdidxyf thitwyhesiel padystylane sulémic acid including
occupyi ng 80% vol une in silver paste is used. Table 1
bindes and ubOYr ef siflfataded 2p0lyanilheelazet dissglved,| shren spulled up.
in sanples 6 - 12. TABLE 1 Solid El ectrol yte Layer
Cathyide sepavy ddithemandepereppydryahg pBaest at 15@@&@5@111%% As
oxi des / of hio hene Sanpl e 8manganese oxi des / )
poFyeknpplnthdeomytior @bmhensvaYSéybmr@dﬁs@ée daeteis formed
Sanpl e 10pol yaniline / _ pol ypyrrol e Sanple
Thplogtimids sestionpdivietdipbeduth oiplont shoien shisaape dheterocyelic
12pol yet hyl ene di oxy thlophene pol ystyl ene sul fonate /
pohywieny selusion; srgd pwlieshmene Thés veltienzisswdved pgRtion including
@ar acteristics of sanples 6 12, neasured_at initial
Hongkpatt of gthylenapsliexy dhibpkeneras hﬁterp@éqlmamoneg@rf grparts of
500 hours w.th no |oad, both at 100 kHz.

- 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 thiophene
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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TABLE 2 ESR characteristics (nQ) average surface Right

after ProductionLife test at high Tenp.roughness ([ an)
Sanpl e 635523. 8 Sanpl e 748660. 1 Sanpl e 8476930.0

Sanpl e 953732. 1 Sanpl e 1049712 5 Sanple 118910632.5

Sanpl e 12568312.5 5 Table 2 t P s that use of

t hi ophene, aniline, furan, or their derivatives, or
manganese oxi des other than pyrrole in solid

el ect Tally Zeshame ESRocharadigrsticESRsamipdesal et 4, gheagired at initial
simlar to those of the first enbodi nent. Use of such

stages phbsch sampdd,i ahkhler lde yee 4ay@3°CLOrpr@bbeess with no load,
solid electrolytic capacitors excellent in 10 ESR
bothratct®ykHei cs and i npedance characteristics. Use of

an _average surface roughness ranging fromnot |ess

TAB&Eﬁl[ mto not greater than 30iimincreases

arl U
BRI P
that ESR - dRight after Pradyction | - ife et at.ngh Temp. roughness (um)

Samplcberi $8Pcs i nprove. 1558n the foregoing | 3.8

Bminptd Wrent §$ 48t he val ve net ab6of al umi numis ugéd as an

nedR 8N thg7solid el ectrolgdi c capacitors; hogeyer,

Q&lﬂaie gal Vv .5§EI al's sucn as gant al Um ni ODI um 2_qr

o) H
S‘I L AL LL| b\)z‘ cuU Uy UKXI UC I ? modarl UC UDCU VVI t %II

il ar to \Avhat r~|| Cf‘IICCQf‘I nhr\\lo

Saania £ al [ RSplicability | h1®%e solid el ectro §§-i5c

Sappld 12r 066t he present inpggntion, a dielectrigsl?

Table 2 tells that use of thiophene, aniline, fﬁran, or their 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 impedancé characteristics.

Use of an average surface roughness ranging from not less than 0.1um to
not greater than 30pum 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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- Rlusaleese

oxide filmlayer, a solid electrolyte |ayer, and a

cathode |l ayer are fornmed in this order on the surface

of a valve netal. A part of the cathode | ayer is

formed of a silver |ayer whi ? i ncl udes silver

particles, and at | east one of phenolic novolak type

epoxy resin represented by fornmula (1), and a

tri shydr oxyphenyl net hane 5 type epoxy resin

oxige dwnliager, lysdlisk elettarolyzy layet andesathede Byewaredaimed in this
the silver particles are occupied by flaky silver

padet ool ths suatade af acialvemsteh p dnpsrtof the katHddalgyes isdermed of a
particles falls within 50 - 90 vol.% Phenolic novol ak

silyser lapgowhioheichidespilyse poetdcley, drot atilenst ope @f ghenolic novolak
tri shydroxyphenyl met hane type epoxy resin represented

typef epony | resiRyeraesented dyefoeaivledi), iands articishydoxyphenylmethane
characteristics in curing than that of conventiona

opexspaxysiesin Tepresentet by foresdar(@).bdNokdesst than 88iwt.% of the

-and the flaky silver%garticles thus increases, and a

sibzeir paaticles are ecotpied by fldkyesilves particlesr wad e solBue gosupancy of
the foregoing resins have plural reacting groups,

theh8rkncalven parsicles| fadlsewithin di0) t-e9¢ axpd%.or Phénolist nevolak type
part of the cathode |ayer inproves. As a result,

ey gresin geprspnied dxpiamdasil) powk sushpdtoxypheigdmethane type

characteristics and inpedance characteristics are )
Uy ragine represeaied ubE eforapdae (2} hareprmotnt exqellent | Bn shrink
relates to solid electrolytic capacitors and a, -
ghagaeletisties iprodirg ithar Hhat shwonugridondr epoxyntesin ohee contact
achieving a solid electrolytic capacitor which has a
@eéﬁt@rb&%yﬁa@itb? nefiryans $he diakyodlyer parbiclesrthas dacgases, and a
a request. frgmthe market, and lowering its |npedance,
resistantbyelne ghthe sdvanlayer degronses: g Becausavthel foregaing repins have
el ectrolytic capacitor conprising. .a valve netal; 5 a

%@g &xpes, fadherengpdo @ﬁﬁgd@éeqﬁrplatesmﬁeé thg other part
the valve netal; a solid electrolyte |ayer disposed .
dnthe wathede layer HmppEeect Asca result, solid electrolytic capacitors

excellent in ESR characteristics and impedance characteristics are obtainable.

- As discussed above, the present invention relates to solid electrolytic 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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HC-HCH.C-O \H2C-HCH.C-O e Jn

oxide filmlayer; and a cathode |ayer disposed on a
surface of the solid electrolytic 10 capacitor and
having a silver |ayer which includes silver particles,
and at | east one of phenolic govolak type epoxy resin
represented by fornula (1) ant

tri shydroxyphenyl net hane type epoxy resin represented

by formula (2), and not 1less than 90 wt. % of the

silver particles being occdp8EMBy fl aky silver

particles, 15 and the flaky silver particles occupying

not |ess than 50 vol. % and not greater than 90 vol.

% of the silver layer. 0-CH2CHCH2 | 0-CH2CH CH2 (1)

20 (2). 25 stiRCeldCHRGHE ddpaciOHa@npritthhg?. The solid

el ectrolytic capacitor of claiml1, wherein a particle

di amet er of valliee fleddkly sil ver particles is not smaller

than 0.1 mand not greater than 30m -and a '

| ongi t udi nah dielegtinc okide filmtlagex disposed ovna sufifachef the valve
flaky particles is not shorter than 2 tinmes and not

metaer than 10 tines of a thickness of the flat 5

section of one of the flaky silver particles. 3. The

solid el ect nogojudi electxplyde tlayemflispoa¢dnon, a wefase roftthe dielectric
solid electrolyte |ayer has an average surface
oodefiledsyest andt snal ler than 0.11tm and not greater

than 30m 10 15 20 ) ) )
a cathode layer disposed on a surface of the solid electrolytic

capacitor and having a silver layer which 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 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.

e : ™
" 0Q-CH2CH-CH2 0-CH,CH-CH2 O-CH,CH-CH3
X I X | X
| CHz | CHy | )
\ Jn
4 N
O-CH2CH-CH: ' O-CH2CH-CH2 O-CH2CH-CH2
= W/thﬁ O '
] CH | -CH | @)
e | e F '
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4. The solid electrolytic capacitor of claiml,

wherein the solid electrolyte |layer includes at |east

one of nmanganese oxi de and conductive pol yner of

whi ch basic skeleton is one 05 pyrrol e, thiophene,

aniline, furan, and derivati 8s thereof. 5. A process

for producing a solid electrolytic capacitor, the

process conprising the steps of formng a dielectric

oxi de2f i The kaykeleotrolytiurapackondf daimlly svhereial g particle diameter

“forming a solid electrolyte ayer on a surface of the

di the flakycsilvexi pherticldsmis ayesmadled thamni)igna acdt hodgreater than
| ayer, which includes a silver layer, on a surface of

Bhems ehilch kingittudohaltlengtly ef a flateretion oiensidfitbe flakyaparticles is
is formed with silver paste, the silver paste 25

notcshetbsre Hiany2 times and ines largbrahanekd timmseofof thiblemesisiof the flat
novol ak type epoxy resin represented by fornula (1)

‘saettionrdf oing of tlxy faky pllvet barticlesype epoxy resin

represented by fornmula (2), and not less than 90 wt. %
of the silver particles are 20 occupi ed by fl aky
silver particles, which accounts for not |ess than 50

vol . 36 arlthe reolidgredactenlytit acar@@iton| of odaim t he veharer the solid
layer. 5 (1) 10 O-CH2CH-CH2 | O0-CHCH CH2 (2) 15 A/ |
elepizalytolp@rohaip an HEldRaE® sorfath eopglmeesssofofotcsmallesthan 0.1uym
wherein a particle dianmeter of the flaky silver _
and not greater than 30pm.

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 sohd electrolytic capacitor, the process
comprising the steps oft
| 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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particles is not less than 0.1m and not greater than

30m and a longitudinal |length of a flat section of

one of the flaky particles is not shorter than 2 tines

20 and not |onger than 10 ti nga of a thickness of the

flat section of one of the fl &Ky silver particles. 7.

The process of claimb5, wherein in the step of formng

the cathode | ayer, the silver paste undergoes heat
cecapiarehy flaky silvenperticles, evlith motourdador nétalese Sexm 56 vol. % and
and not higher than 230C, and a curing stress of the

80t greatérabhan 9Gvelod i stlver Sqydrg/ cn2 and not

greater than 300 k/g/cer.

\
O-CH2CH-CH2 O-CH,CH-CHz 0O-CHsCH-CH:
’ ~x I ~
CHz CHz (1)
\ Jn
, A
0O-CH2CH-CH2 O-CH.CH-CH;z 0-CH,CH-CH2
\ | \ ! \
| CH | CH | 2)
o 7 .
HsC-HCH2C-O Q‘IzC-HCHzC-O J n

6. The process of claim 5, wherein a particle diameter of the flaky silver
particles is not less than 0.1um and not greater than 30um, 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/ cm? and not greater than 300 kg/cm?




