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10
BACKGROUND ART

FIG. 6 shows a structure of a conventional solid electrolytic capacitor.
Now a manufacturing method of the solid electrolytic capacitor is described.
Dielectric layer 13 is formed on porous valve metal 12 provided on a surface

15 of valve metal foil 11. A conductive polymer layer is applied on dielectric
layer 13 to form solid electrolyte layer 14, on which collector layer is formed
consisting of carbon layer 15 and silver paste layer1l6. The capacitor is then
resin packaged to form outer package 17. External terminal 18 electrically
connected to valve metal foil 11 is provided at the first end of outer package

20 17 and external terminal 19 electrically connected to collector layer is
provided at the second end of outer package 17.

In such solid electrolytic capacitor, undesired solid electrolyte
erroneously applied on protruding potion 11A of valve metal foil 11 during
formation of solid electrolyte layer 14 causes electrical short-circuit or

25  increases leakage current in capacitor. Insulating resinous protective layer
20 is generally provided on protruding potion 11A to prevent such a trouble.

Typically, coated and cured insulating resin such as epoxy resin or



2 silicone resin, or sticked insulating tape made of polyimde resin used
+ as 'a base material serves as insulating protective |ayer 20. However,
undesired solid electrolyte is usuall® forned also on the insulating resin
or the insulating tape. This undesired solid electrolyte nmust be cleared by
| aser 5 processing, but the processing may cause increase in | eakage
current. In addition, coated insulating resin perneates porous val ve netal
12 partially, which nay danmage capacitor characteristics due to, for
exanpl e, silioowantreginl abistickgd dhsulbytarg tape madendf polyimode iregjnnesedoas laacks i n
wor kabi lity and mass productivity. 10 DI SCLOSURE OF THE | NVENTI ON The
i nvent i obash switeidetisgnvesiagdnsulatong yretective dayen 20.c alawiever, witesired
excel lent electrical characteristics due to an insulating protective |ayer.
The i nsusddid redegirolyse tisvusnaller formmpsoadep o dihei twmwdatingbeesinhar ther es by
15 noi sture_or heat energy is provided such fhat the |ayer waps around
pr ot r udi MgWatingtape. vAabhik updesired solid qiﬁ@trﬁfamafraeﬁh bPrfée b@i@wer
af ore-nmenti oned sglid el ectrol ytic capacit.or includfs the steps, of: (a)

20
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3 and (e P on the solid electrolyte |ayer. BRI EF
DESCRI PT ghgﬁﬁh$ﬂgﬁﬂéﬂb$f@§§§?¢§9§351 illustrates a cross-sectional view

show%pg a solid electrolytic capacitor according to exenplary enbodi nent 1
of e present invention.

DISCLOSURE OF THE INVENTION

The invention disclosed provides a solid electrolytic capacitor showing
excellent electrical characteristics due to an insulating protective layer.
The insulating protective layer composed of silicone rubber that cures by

15 moisture or heat energy is provided such that the layer wraps around
protruding potion of valve metal foil.

The manufacturing method of afore-mentioned solid electrolytic
capacitor includes the steps of:

(a) providing a porous valve metal body at least on one surface of valve

20 metal foil which has a protruding portion in one end but leaving the
protruding portion excepted,

(b) forming an insulating protective layer composed of silicone rubber
which cures by moisture or heating such that the coated layer wraps around
the protruding potion of the valve metal,

25 (c) forming a dielectric layer at least on a surface of the porous valve
metal body,

(d) forming a solid electrolyte layer on the dielectric layer,



FIGS. 2A to 2F illustrate schematic views show ng manufacturing processes
of the solid electrolytic capacitor according to exenplary enbodi nent 1 of

the present invention. 10 FIG 3 illug8trates a cross-sectional view show ng
a solid electrolytic capacitor according to exenplary enbodi mrent 2 of the
present invention. FIGS. 4A to 4F illustrate schematic views show ng

manuf acturing processes of the solid electrolytic capacitor according to
exenpl ary enbodi nent 2 of the present invention. 15 FIG 5 illustrates a
cross-seamndonal view showing a solid electrolytic capacitor according to
exenpl ary enbodi mrent 4 of the present invention. FIG 6 illustrates a

cross- sect i onéd) formeinghoollegon lagyenenthosdid slectrltiedayenl yti ¢ capacitor.
20 DETAI LED DESCRI PTI ONS OF THE | NVENTI ON The exenpl ary enbodi nents of this
i nvention are described with reference to the drawings. The sim|ar

el enents_consi sting the sane conf :ﬁuration have the sane reference narks
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processes of the solid electrolytic capacitor according to exemplary
embodiment 1 of the present invention.

10 FIG. 8 illustrates a cross-sectional view showing a solid electrolytic
capacitor according to exemplary embodiment 2 of the present invention.
FIGs. 4A to 4F illustrate schematic views showing manufacturing
processes of the solid electrolytic capacitor according to exemplary
embodiment 2 of the present invention.
15 FIG. 5 illustrates a cross-sectional view showing a solid electrolytic
capacitor according to exemplary embodiment 4 of the present invention.
FIG. 6 illustrates a cross-sectional view showing a conventional solid

electrolytic capacitor.

20 DETAILED DESCRIPTIONS OF THE INVENTION
The exemplary embodiments of this invention are described with
reference to the drawings. The similar elements consisting the same
configuration have the same reference marks and the detailed description is
omitted.
25 (EXEMPLARY EMBODIMENT 1)
The configuration of solid electrolytic capacitor according to exemplary

embodiment 1 of this invention is described with reference to FIG. 1.



5 surface of porous body 2 at protruding portion 1A D electric layer 3 is
- applied on a surface of porous body 2, solid electrolyte layer 4 is applied
on a surface of dielectric |ayer 3, ndreover carbon layer 5 and silver
paste |layer 6 are provided on solid electrolyte layer 4 to serve as a

coll ector layer. The above is a configuration of a capacitor elenment. The
capacitor elenent is 10 then resin-packaged to form outer package 7, which
has external termnal 8 electrically connected to protruding portion 1A of
nmetal foil 1 Rodowexvelveainetal bodpl2 ¢hedeafteriedéirgd donas poedud body) ver paste
| ayer 6. Next, a manufacturing nethod of the solid electrolytic capacitor

i s descr faroedpesaivenletsl foik h (hefeaftenceferved-t@Gas me¢tal foidk. Insulstiong - shaped
sintered porous body 2 (3.4 x S.3 x 0.2 mm) of tantal um powder is forned
on surf aprotettinedayer &0 comnesed offsiliegnearabpbesr whih rukes. bximeisbire etibber of
Vi SCOSit% of 33 Pas, that cures by noisture is c?at ed 1 mmthick using a

di spenseheghenergy wrtevided pamrotgidipgportigh ¥ et metahdoid d and ppiendil ati ng
protective | ayer, 10 on protrudi ng portion 1A of netal. foil, and on 20 end
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solid electrolyte layer 4 in succession to performas a collector |ayer
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anotHer ext er fheet-ehaperhisiteréd qrarpusibodycBniBetx £3x02 min )vef taatdem ayer 6
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and contributes to provide a strong wthstand vol tage. (EXEMPLARY
EVMBODI MEREngdnt isBimmersed in a pyrrole solution whose weight ratio of pyrrole to
water and ethylene glycolis 1: 15:1. Additionally, the capacitor element is
256 immersed in an oxidizing solution whose weight ratio of ferric sulfate to

water and ethylene glycol is 1 : 1.5 : 1.8 to form a polypyrrole coating by

chemical reaction of oxidative polymerization. Additionally, the capacitor



Now, a configuration of the solid electrolytic capacitor used in exenplary
. enbodinent 2 is described with reference to FIG 3 Porous val ve netal body
2 is provided on valve nmetal foil 1, &nd dielectric layer 3 is forned on
surface of porous body 2. Insulating 5 protective |layer 10 conposed of
silicone rubber that cures by noisture or heat energy is provided on
surface of dielectric layer 3 covering protruding portion 1A Solid

el ectrolyte layer 4 is provided on dielectric layer 3, and carbon |layer 5
and si | velemeaxt és | iaymersdaria pmovhitphene solutibrel wbosel weight ayatio 4oft 0 serve
as a collector layer. The above is a configuration of the capacitor 10

el enent . tHihphenp b [taor(1H) priotuenesulfomate avdrbwacieohded t®1f:d).htodbem package
7 that has external terminal 8 electrically connected to protrudi ng portion
| A of metddid elsictrolytentayext 4r nanrfage mifniasutnting pretessiveylayennkk iedreeo si | ver
paste |layer 6. Next, a nanufacturin% nmet hod of_ the solid elgiérolytic
capaci t offoms sphidgelectrolgte dppmationabegavie Anpalading, grotestiveciayera’llo 4r.
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phosphor i gotelr bxEeknH]i tebmifal Dagbatirrall9coneetddety silerl gadte lalyer Hae _
vol tage as anodi zation. Next, the capacitor elenents are again i mersed in

an t hi opfefiredsat thid eecondngnd ofl ottert phclpdpen® to lcomiyleid i splidladleetreBiic onat e
and butanol to forma pre-coat |ayer. Next, the capacitor elenents are

i mrer sedcdpdcitod. sol uti on conposed of thi ophene) al kyl -napht hal enesul fonic
acid and isopropanol for electrolytic polynerization to formsolid

el ectrol yt e | Ayenentioned abowe, phixcmanufadoasingmevthod poevides 8 simpdifeedppl i ed
bet ween pre-coat |ayer and stainless plate used as an counter el ectrode by
makilfy speicabesuitableeforamase trimaduetion tsysthan, as insulebing protpetdve dayen ayer
softly for 30 min for the 10 electrolytic_polynerization. Subsequently, the
sane net Hod ias fersmed i before n anedigation,” ansbdrestaration ofygadmentt thefars i d
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cure durygherOf ichgtddl ‘B?eﬁsdi’éﬂt%ﬁﬁeﬁi fARAStHd QetHod B8B&s MHPRAdiGSer | bed in

exenpl ary enbodiment 1 and 2 that cures by noisture. Sone silicone rubber

cure by phMceadliatdu@ihg Rybil@aki ibbeP carAbRitdelfiby mMutdtuss.npl er and easi er
way than UV radiation equi prent. (EXAVPLE FOR ARI SON) In a
confi gur at i onFdxikleSialbbér ahatdridll frining dnaglatiolg prstdcive tasRtPl@fis a

25  rough surface, which has a high adhesiveness and contributes to provide a

strong withstand voltage.

(EXEMPLARY EMBODIMENT 2)



8 enbodinent 2, silicone resin instead of silicone rubber is coated and
cured for one hour under 150 Cto forminsulating protective |ayer 20.
Then, solid electrolyte layer 4 is fognmed by the sane way as described in
exenpl ary enbodinment 2 to conplete a solid electrolytic capacitor. FIG 6
shows the 5 basic configuration that is already described. Table I shows
the characteristics of solid electrolytic capacitors of afore-nentioned
exenpl ary enbodi nents and conventi onal exanple for conparison. Table 1
Exenpl ary enbbidwieat Coapfigutstime ¢l ¢hkagealid ueleetroB3R: (capacitibr hasethdinvol t age
(~11300. 75401221201. 225831252258convent i onal 11023. 5256 10 Conpari son check
for initéexdmplayamboedisiants? i deseribédevdbinefdrgnce tefipGeBt ors in Table 1
shows | arger | eakage current and | ower withstand voltage of the
conventional Botous ghbet mtal ihodyaBaisi poevided arolviadve metalofojlt 8, lamder i s
formed on insulating protective |ayer 20. Mreover, the exanple solid

el ect r ol fielecteigplasiaro8 docormed par surface ubf poaaus hbedss il | dnsulgting

capaci tance, as coated silicone resin perneates _dielectric layer 13 to
choké poPkafegive,dayris 18 qpmpesed: obsicaae 1ibbgr thatiqures dut maigkure or
capacitoys disclosed in. %%% I nv ntiqﬁgs ow |ittle_decrease in capacitance.

They shoWFRnENPLEY HeRACHE PretEadc? Qetrig 19VBF SaeRverie BrojrRdine o

coat ed S]':)(')lltfoonn 9A. Solid electrolyte layer 4 is provided on dielectric layer 3, and

carbon layer 5 and silver paste layer 6 are provided on solid electrolyte layer
4 to serve as a collector layer. The above is a configuration of the capacitor
10 element. The capacitor element is then resin-packaged to form outer
package 7 that has external terminal 8 electrically connected to protruding
portion 1A of metal foil 1 and external terminal 9 electrically connected to
silver paste layer 6.
Next, a manufacturing method of the solid electrolytic capacitor is
15  described specifically with reference to FIGs. 4A to 4F.

Materials for metal foil 1 or porous body 2, and manufacturing process
of forming porous body 2 on metal foil 1 are the same as described in
exemplary embodiment 1. Next, dielectric layer 3, a tantalum oxide coating,
is formed on surfaces of metal foil 1 and porous body 2 by the same way as

20 described in exemplary embodiment 1. Silicone rubber that cures by
moisture is coated on a portion of dielectric layer 3 covering protruding
portion 1A, then insulating protective layer 10 is provided. Even if
dielectric layer 3 does not cover whole surface of protruding portion 1A,
silicone rubber should cover the whole surface of protruding portion 1A

25 including the exposed area from dielectric layer 3. Silicone rubber of
viscosity of 33 Pa‘s is coated 1 mm thick using a dispenser then allowed to

stand for one hour. The capacitor elements are then immersed in



rubber does not perneate porous body 2. Mreover, they show | ower 20

| eakage current and hi gher withstand vol tage, as surface of insulating
protective layer 10 is free fromsolid electrolyte formati on. They have

| ower equival ent series resistance (ESR), as functional polynmer conposes
solid electrolyte | ayer 4. 9 (EXEMPLARY EMBODI MENT 4) FIG 5 shows a
cross-sectional view of a product in which capacitor elenents described in
exenpl ary enmbodinent 1 of this invention are | am nated and resin-packaged
t oget her phespghotrio acit eolydek dygerestordtion treatinent oat B2 Vs theisameevadfageol i d

el ectrolytic capacitor shows | ow ESR as wel| as |arge capacitance. In the
descri pt anrnodizadidn. exi¥ext, athe empadtoreelemeritst fufes agairenmmersedoin d@n

el ectrolyte layer 4 is formed by chemi cal polynerization or by electrolytic
pol yrrer i hdvpbeneisphyicaoronipeset of thiophenay &ron(tld) pelplosneswdionase and

pol ymeri zation, as a pre-coat layer. Solid electrolyte forned by

el ect r ol hutanod & foran anrerawat layveror Naxt, theeamacter elpmenta@iegmmensese count

of easiness of_ polynerization reacfion, polypyrrole, polythi ophene or
pol y&ni | i@ eplutiort compeped ity Hipphene a éi%nl@ﬁéfqr}qsek%atcela%ﬁ agd
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acting electrode, in touch with pre-coat layer softly for 30 min for the
10 electrolytic polymerization. Subsequently, the same method as described in
exemplary embodiment 1 completes the solid electrolytic capacitor.
(EXEMPLARY EMBODIMENT 3)
A silicone rubber of viscosity of 2.5 Pa's is coated instead of silicone
rubber of viscosity of 1 Pa's used in exemplary embodiment 2, then allowed
15 to stand for one hour for curing in 150 °C to form insulating protective layer
10 for a capacitor element. Next, solid electrolyte layer 4 is formed by the
same way as described in exemplary embodiment 2 to complete a solid
electrolytic capacitor. A silicone rubber employed in this exemplary
embodiment 3 forms insulating protective layer 10 by heat curing. Though
20 additional heating apparatus are needed, maintenance work of coating
equipment such as for dispensers in this method is easier, because the
silicone rubber does not cure during coating process which differs from
silicone rubber described in exemplary embodiment 1 and 2 that cures by
moisture. Some silicone rubber cure by UV radiation, but heating
25 apparatus is much simpler and easier way than UV radiation equipment.
(EXAMPLE FOR COMPARISON)

In a configuration of a solid electrolytic capacitor used in exemplary



20 silicone rubber has a viscosity of at least 1 Pas, or nore preferably at
. least 2.5 Pas. The silicone rubber has a viscosity of at nost 33 Pas
terms of workability in coating procegs. Additionally, an exanple is
described in which porous body 2 is fornmed on surfaces of netal foi

anot her configuration in which porous body 2 25 is forned on one surface of

nmet al

i nvention disclosed can provide a solid electrolytic capacitor

foil 1 only is also possible. 10 I NDUSTRI AL APPLI CABI LI TY The
havi ng

in

1, but

excel | enenprediment 2; siltdvarcardsén iinsiead cfusihicaise mobbepac costedeandsaredittl e

| eakage current and high withstand voltage due to an insulating 5

prot ect i far duagdour Aurgldri tathe Cuthform hnsulatingspioteotive layer 20. hdhenener gy

is coated to formthe insulating ‘Erotective | ayer on protruding portion of
&

val ve neselid elictrayite layeedds fomh

protrudi ng portion. 11 CLAIMS 1. A solid electrolytic capacitor

byshepenvuway dsdeseribatl inedgninlary at t he

conpr i si ARbodiment Zatmeomplete| 2 aekid elegtipolyticragpasiton1) FEGy 8| showeethg foi |
havi ng a protruding portion_on its first
basic configuration that is already described.

10

15

20

Table 1 shows the characteristics of solid electrolytic capacitors of

afore-mentioned exemplary embodiments and conventional example for

comparison.
Table 1

Exemplary Capacitance | Leakage ESR (mQ) Withstand
embodiment | (uF) current (nA) voltage (V)

1 130 0.75 40 12

2 120 1.2 25 8

3 125 2 25 8
conventional 110 23.5 25 6

Comparison check for initial characteristics of solid electrolytic
capacitors in Table 1 shows larger leakage current and lower withstand
voltage of the conventional solid electrolytic capacitor, as solid electrolyte
layer is formed on insulating protective layer 20. Moreover, the example
solid electrolytic capacitor does not perform fully and has smaller
capacitance, as coated silicone resin permeates dielectric layer 13 to choke
pores of porous body. On the other hand, solid electrolytic capacitors
disclosed in this invention show little decrease in capacitance. They show
smaller deviation in capacitance in a production process, as coated silicone
rubber does not permeate porous body 2. Moreover, they show lower
leakage current and higher withstand voltage, as surface of insulating
protective layer 10 is free from solid electrolyte formation. They have lower
equivalent series resistance (ESR), as functional polymer composes solid

electrolyte layer 4.



end; (a2) a porous valve netal body provided on at |east one surface of

. said valve netal foil; (a3) an insulating protective |ayer conposed of
silicone rubber, 10 that cures by at [9east one of noisture and heat,
applied such that to cover said protruding portion of said valve netal
foil; (a4) a dielectric layer provided on at |east a surface of said porous
val ve netal body; (ab5) a solid electrolyte |ayer provided on a surface of
said 15 dielectric |layer and (a6) a collector |layer provided on said solid
el ect r ol (EXEMBPEARVGEMBODIME®T4) terminal electrically connected to one
of said protruding 20 portion of said valve netal foil and said collector

| ayer. 2. TheFiGt igijslacp\é%tar eropsisecidanak viesy offa preduatiin whieleicapaesiteor
insulating protective |layer contacts directly with said protruding portion
of said ng‘éltﬁeﬂﬁﬁcrﬂ@d immxgmpiaey seynpadisnent (loioft thiscapuention are cl ai m

1, wherejn said._dielectric layer. covers said protrudin ortion of said
val ve neiadpfqagpd,arngeglamackaégd together to fornq outer pac?{a%e 7. Such a

5 laminated structure of solid electrolytic capacitor shows low ESR as well as
large capacitance.

In the descriptions on all exemplary embodiments of this invention,
solid electrolyte layer 4 is formed by chemical polymerization or by
electrolytic polymerization using solid electrolyte layer, formed by chemical

10 polymerization, as a pre-coat layer. Solid electrolyte formed by electrolytic
polymerization is not yet specified, but taking into account of easiness of
polymerization reaction, polypyrrole, polythiophene or polyaniline or
functional polymers that have dielectric material of pyrrole, thiophene and
aniline as a recurring unit are preferable. And, one of chemically oxidative

15 polymerized polypyrrole, polyaniline and polythiophene by an oxidant, or one
of dielectric material of the above materials are preferable. Moreover, any
combination within polypyrrole, polyaniline and polythiophene are
agreeable.

Silicone rubber can be prevented from permeating porous body 2 if the

20  silicone rubber has a viscosity of at least 1 Pa's, or more preferably at least
2.5 Pa's. The silicone rubber has a viscosity of at most 33 Pa's in terms of
workability in coating process.

Additionally, an example is described in which porous body 2 is formed
on surfaces of metal foil 1, but another configuration in which porous body 2

25  is formed on one surface of metal foil 1 only is also possible.



insulating protective |layer further covers the area where said dielectric
| ayer covers said protruding portion of valve netal foil. 4. The solid

el ectrolytic capacitor of claim1l, whHyein said solid 5 electrolyte |ayer

i ncludes a functional polymer. 5. The solid electrolytic capacitor of claim
1, wherein having a plurality of capacitor elenents, a plurality of valve
netal foils included in said plurality of capacitor elenents are

el ectrically connected, and a 10 plurality of collectors included in said
pl uralitINDUSERBALIARPEICGABILETYre el ectrically connected. 6. A

manuf acturi ng nmethod of solid electrolytic capacitor conprising the steps
of 15 (a) forFhagimpentien disclesadetcah poewidenaasolidadlectyalyticucapaetaf val ve
metal foil having f)rotrudi ng portion in the first end such that said

pr ot r udi hgvingr exepllens pexformanes eharagferinticy sughsay oy eapagitandsoldps, (b)
formng insulating protective layer with silicone rubber that cures by at

| east onHttde lgakage @irsent was high pyithstandyoliage dugt te pa 2psulatingone

rubber covers sajd protruding portion of said valye nmetal foil; (c) formng
di el dtt r PEOtPEkiEe lagger| o Actiligrie, ERbhRIthat caps hyomgiRbute, oy eAECRPTHOHY: and

d) formn |l ector l.ayer on surface Qf said solid.el ectyr.ol e |ayer. 25
L he! manted do Pim heuptblatSne DEpieange Jeveeps protuding POLHOBPE Salyan &

wher ei n salth AT S90%4 URRP o taPBY 5000 58 RIRA Y0088 bk Ofhand o1

protruding portion.



13 surface of said porous valve netal body at the protruding portion, in
formng insulating protective |layer, 8. The manufacturing nmethod of solid
el ectrolytic capacitor of claim6 5 wierein, in formng said dielectric

| ayer, said dielectric layer is fornmed such that said dielectric |ayer
covers said protruding portion of said valve netal foil, and in formng

i nsul ating protective |ayer, said silicone rubber is coated such that said
silicone rubber further covers an area where said dielectric 10 |ayer
covers said protruding portion. 9. Cil&IM&nufacturing nethod of solid

el ectrolytic capacitor of claim®6 wherein viscosity of said silicone rubber
is at least 1 Pas, in formng said insulating protective layer. 15 10. The
manuf act uri ng met hod of solid electrolytic capacitor of claim®6 wherein
sai d siliconelr ybbalid elecsrodytie capacitali cogaprieing:in forning said insul ating
protective | aye ) o
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(a5) a solid electrolyte layer provided on a surface of said
15 dielectric layer
and
(a6) a collector layer provided on said solid electrolyte layer;
and
(b) external terminal electrically connected to one of said protruding

20 portion of said valve metal foil and said collector layer.

2. The solid electrolytic capacitor of claim 1, wherein said insulating
protective layer contacts directly with said protruding portion of said valve
metal foil.

25
3. The solid electrolytic capacitor of claim 1, wherein said dielectric

layer covers said protruding portion of said valve metal foil, and said
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6. A manufacturing method of solid electrolytic capacitor comprising
the steps of:

15 (a) forming porous valve metal body on at least one surface of valve
metal foil having protruding portion in the first end such that said
protruding portion is left unformed by the porous valve metal body;

(b) forming insulating protective layer with silicone rubber that
cures by at least one of moisture and heating by coating such that the
20 silicone rubber covers said protruding portion of said valve metal foil;
(c) forming dielectric layer at least on surface of said porous valve
metal body;
and
(d) forming collector layer on surface of said solid electrolyte layer.
25
7. The manufacturing method of solid electrolytic capacitor of claim 6

wherein said silicone rubber is applied on said protruding portion and on end
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