| DESCRI PTI ON SOLI D ELECTROLYTI C CAPACI TiR AND NETHOD OF MANUFRSTURI NGB
CAPACI TOR 16 JUL 2004 TECHNI CAL FI ELD Thé present !nventlon.relates to
solid electrolytic capacitors used for electric circuitry in electric or
el ectroni c equi prent and nenufacturing nethods thereof. BACKGROUND ART
FIG 6 shows a structure of a conventional solid electrolytic capacitor.

Now a manufacturing nmethod of the | :NC)” ytic capacitor is .
described. Dielectric |ayer 13 |sﬁ%&$ﬁ§gi}§ﬁb rous valve netal 12 provided
on a surface of valve netal foil 11. A conductive polyner |ayer is applied
on dielectric layer 13 to formsolid electrolyte |layer 14, on which

collector layer is forne | St ar Layer 15 and silver paste
| ayer| 6. The capacitor i %Q{Lﬁl@%@tggl %ngg a&ggg%%&ﬁ%ut Ierf palcki%ei :SL7.
External terminal 18 elmwiop o# MpNUEFauTeRied raevebvacmgbal foil e
provided at the first end of outer package 17 and external term na

electrically connected to collector layer is provided at the second end of
outer package 17. In such solid electrolytic capacitor, undesired solid

el ectrol yt FECHNIGOLSTEIApP! i ed on protruding potion 11A of valve netal
foil 11 during formation of solid electrolyte |ayer 14 causes el ectri cal

short-circuit ofThd praseasdavéetbagelads [t8Nolid e leafd% ti®bapadidtsdldddOor
resinous protective layer 20 is generally provided on protruding potion

11A to preetsetrisucicuaitty dnbbkctriy phe @llbstrogieat §eippheht Wied th@StRth A" €51 N
such as epoxy resi-n*or
methods thereof.

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
of valve metal foil 11. A conductive polymer layer is .apph'ed on dielectric
layer 13 to form solid electrolyte layer 14, on which collector layer is formed
consisting of carbon layer 15 and silver paste layer16. 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
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-cireuit or
increases leakage current in capacitor. Insulating resinous protective layer
20 js generally provided on protruding potion 11A to prevent such a trouble.

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




16 JUL 2004 2 silicone resin, or sticked insulating tape nade'?f grU%B?Uﬁz '
resin used as a base nmaterial serves as insulating protective J; 4
However, undesired solid electrolyte is usually forned also on the
insulating resin or the insulating tapey This undesired solid electrolyte
nmust be cleared by |aser processing, but the processing may cause increase
in | eakage current. In addition, coated insulating resin perneates porous
val ve nifigenepssipeorstigked insylpfintapeipade ahpelyenide sesirowsed @b arbase metesiel servasue
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t al) a valve netal foi
ﬁgmllgs l&W%IE%E%ppa&ﬁh%%pEeﬂﬁF?gW??g{)rg?\:}lng(a(z) 231 porous val ve netal

body provided on at |east one surface of said valve netal foil; (a3) an
insulatin rotective |la osed of silicone rubber, that cures by at
| east OPS? OREREQF & prlled such that to cover sai d protruding

o o SR iy BB MR L .
| ayer pelemndﬂd:hmc&nsmkfsfcﬁﬁeo ah irsalating ipedteqiveil Syer APt insulating protective layer
composed of silicone rubber that cures by moisture or heat energy is provided such that the
layer wraps around protruding portion of valve metal foil.
According to a first aspect of the present invention, there is provided a solid electrolytic
capacitor comprising:
(a) a capacitor element comprising;:

(al) a valve metal foil having a protruding portion on its first end;

(a2) a porous valve metal body provided on at least one surface of said
valve metal foil;

(a3) an insulating protective layer composed of silicone rubber, that cures
by at least one of moisture and heat, applied such that to cover said protruding
portion of said valve metal foil;

(a4) a dielectric layer provided on at least a surface of said porous valve
metal body;

(a5) a solid electrolyte layer provided on a surface of said dielectric layer;

and

(a6) a collector layer provided on said solid electrolyte layer; and

(b) external terminal electrically connected to one of said protruding portion of said

valve metal foil and said collector layer.

According to a second aspect of the present invention, there is provided a



and (b) (a6) a collector layer provided on said solid electrolywtg L)ayerd
and external termnal electrically connected to one of said pnogr!lm(;onlf

portion of said valve netal foil and said collector |ayer. According to a
second aspect of the present invention, ,there is provided a '16 J UL 2004 3
manuf acturi ng nethod of solid el ectrol y13i Cc capacitor conprising the steps
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covers said protru lll_j)l(gd&portion of said valve netal foil; (c) formng
di el ectP?rgu‘f‘Z%}E‘?mﬁa 3t on surface of said porous valve metal body; and

(d) form ng golfhesh ﬁnshﬁmgéxm}ea%ﬁw with SRéhhe 3B 118 @61el Bl Yt feal@HR of
BRI EF DESCRI | ON THE WNGS FI'G 1 illustrates a cross-sectional view

showi ngmgisss pad beasioe bylopating wigh duit thersilicone nadibeycovers widprotrading eotidi nent |
of the ' l.on. FIGs. 2A to 2F illustrate schematic views show ng
manuf ac?%%?(ﬁgghﬁér%\éﬁggoég of the solid electrolytic capacitor according to

exenpl ary entpdéring dielefrictlBger Rt REGh suffd€N$f saidl pdrdis vabyd thbtdBbddat &% a

cross-sectional view showing a solid electrolytic capacitor according to

exenpl ary entsBdiorpRe collegtor laxeronsuetace ofpaihioligslectrpleic layg. t o 4F il lustrate

schematic views show ng nmanufacturing processes of the solid electrolytic

capacitor according to exenplary enbodi nent 2 of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a cross-sectional view showing a solid electrolytic capacitor according
to exemplary embodiment 1 of the present invention.

FI1Gs. 2A to 2F illustrate schematic views showing manufacturing processes of the solid
electrolytic capacitor according to exemplary embodiment 1 of the present invention.

FIG. 3 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.

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.

DETAILED DESCRIPTION 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.
(EXEMPLARY EMBODIMENT 1)

The configuration of solid electrolytic capacitor according to exemplary embodiment 1

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



FIG 5 illustrates a cross-sectional vi ey showing a solid el ec_ﬂﬁl dtUh 200"’
capaci tor according to exenplary embodinent 4 of the present invention.
FIG 6 illustrates a cross-sectional view showi ng a conventional solid
electrolytic capacitor. DETAILED DESCRI PTI ON OF THE | NVENTI ON The

exenpl ary enbodi nents of this invention are described wth reference to the

drawi ngs. The siPadoak #A198BAESICHEE St '@geéﬂ&, SELCMeLDIY ui)g%élgs? have. t he
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to exenplary enbodinent | of this invention is edw
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porous body) is forned on valve netal foil ereafter reterre 0 as

net al foil heatrsiehgy ingrovided et prerhdusy pdRisiP TROSCH 041 &l i&%&eoﬁ wpher

whi ch cures by noisture or heat energy 1s provided on protruding portion

1A of net alsuffice &f antbwnbedy 2 wrﬁﬁﬁ@u@fn(?opbﬂﬂ(sn body BidlbefOtand Bgis
portion 1A Dielectric layer 3 is applied on a surface of porous body 2,
solid el ectplipden aparfateiod papphs bddp2, 8olid eldctesdyef 1a3ies ekt A iYL 3.
noreover carbon Iayer 5 and silver paste |layer 6 are provided on solid

el ect r ol yt 8urtageof dlielgctris layens, anewiolver tarbdralager 5Thed stiboy Babte layer 6
configuration of a capacitor elenment. The capacitor elenent is then

resi n- pack#g@ Previded: on salidrelpeiorbige 1ayendi thsérve @x becaikictoelayenal The
electrically connected.to protruding portion 1A of netal foil 1 and _

ext er nal taéPW‘i’ A2 opfigarationpf ¢ eanatdrclomensi | The gastoitarasglemeft iext

Spoci 11 cal FYRReTBRAGkABRAJOT0T) Qiior PRokageH, which has external torminal 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
described specifically with reference to FIGs. 2A to 2F.

Sheet-shaped sintered porous body 2 (34x53x0.2mm) of tantalum
powder is formed on surface of metal foil 1 made of tantalum or the like.
Silicone rubber of viscosity of 33 Pa-s, that cures by moisture is coated 1 mm
thick using a dispenser then allowed to stand for one hour for drying to form
insulating protective layer 10 on protruding portion 1A of metal foil 1 and on
end surface of pofous body 2 at protruding portion 1A. Next, anodization
(12 V) of tantalum in phosphoric acid solution forms dielectric layer 8, a
tantalum oxide coating, on surface of porous body 2. Then, the capacitor
element is immersed in a pyrrole solution whose weight ratio of pyrrole to
water and ethylene glycolis 1: 15: 1. Additionally, the capacitor element is
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



Sheet - shaped sintered porous body 2 (3.4.x 5.3 x 0.2 nm of tantaleJ_UL 2004
powder is forned on surface of netal foiP 1 made of tantalumor the like.
Silicone rubber of viscosity of.33 Pa-s, that cures by noisture is coated 1
mm thick using a dispenser then allowed to stand for one hour for drying

to form insulating protective |ayer 10 on protruding portion 1A 01;L/A\matalt
foil 1 and dsmesndisiaideRedl MOARUTNANNE. BRI Wb POFELOR A Next,
anodi zation (12 V) of tantalumin phosphoricacrd s E | O E 45 body 2
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forma polypyrrole coating by chenical reaction o _
pol yner i zatcomposéddiftdilicend yubbéieis aiRaer t8pelPerdid %b%ﬁ%y%k@ﬁﬂﬁ dibver

i mrersed in an thiophene solution whose weight ratio of thiophene to"
Iron(111) pastt layeeibiofmmedon solitalettrolytd layed 4in sQedsb & Perfsahi d
electrolyte layer 4. Surface of insulating protective [ayer 10 is free
from sol i d a8l 2coHettordayer jeinthn beiter palling Wt & Rgnpactt B6ki ¢Re | RYBELF0
conposed of silicone rubber is water repellent. Carbon |ayer 5 and silver
past e | ayefa¥rrathe capaeitonis patkaged) into rebipt moldy@mposed slieERsstadin lo@
perform a% a.collector layer jointly. After pulling out a contact fromthe
col | ector h%d/’%re; tq fﬁ’@%ﬁ\é‘@éim@ age Tpaditgueal terminebs elenttidally copnesdd of
epoxy resin or t like,. to%qr&nouter package 7. External termnal 8

el ect ri cal [ PEBtHYERe portign,lads dermgd ser theofiratrend of uted package T andt end

h external termnal 9 electrically connected
? ]; g:Jlt S;r p%ﬁéﬁgeerl %ﬁg?g%l ? n%:tun%'i 9%e ectr?cally connected to silver paste layer 6 is

formed at the second end of outer package 7 to complete a solid electrolytic

capacitor.

As mentioned above, this manufacturing method provides a simplified
process suitable for méss production system, as insulating protective layer
10 is formed before anodization, and restoration treatment before
polymerization is not needed. In addition, laser procéssing is not needed to
clear undesired solid electrolyte erroneously formed on insulating protective
layer 10. The capacitor has lesser leakage current, as the element is free
from stresses caused by removing treatment. Additionally, the

- manufacturing method has a high workability and productivity as silicone
rubber is coated by a dispenser. And the method needs no additional
process for curing as silicone rubber cures by itself by moisture.

Flexible rubber material forming insulating protective layer 10 fits a
rough surface, which has a high adhesiveness and contributes to provide a .
strong withstand voltage.

(EXEMPLARY EMBODIMENT 2)



formed at the second end of outer packagg 7 to conplete a soli d16 JUL 20[]’&
electrolytic capacitor. As mentioned above, this manufacturing nethod
provides a sinplified process suitable for nmass production system as
insulating protective layer 10 is forned before anodization, and
restoration treatment before polynerization is not needed. In addltlon,
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And t he nethod needs no additional process for curing as silicone’ ru
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protective layer 10 fits a rough surface, which has a high adhe5|ven Ss
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EMBODI MENT 2) 6 16 JUL 2004 Now, a configuration of the solid el ectrol yt| C
capaci tor Jead ﬁmlgﬁﬂérﬁppﬁl@ﬁdemmﬁmatofzdmhacﬂﬁs dayde8 cdvbhingeh@rfidiggt O
FIG 3 Porous valve netal body 2 is provided on valve netal foil 1, and

di el ectri c RO&ligR BA; sSPbﬂrféECtGﬁIstxa lazer 40 povidsl bodieRcttindayet Bngnd

rotective | 10 ¢ sed of silicone rubber that cures by noisture or
Eeat ener gyaf a‘é‘"bhﬁﬁroéﬁngﬁﬂé@? paste lﬂyealﬁeﬂﬂ@cmquvadectlymsOEdcede@mlgge layer

ot rudin ortion 1A. Solid.electr ytela_yer 4 is provided on dielectric
F;yer 3, gﬁldp O EIVESF # §9%ctar lawers; | bavetis 2 eqnfigwratian of v caphcitorsol i d

el ectrol yt %14,:%8{ 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
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 iﬁ
exemplary embodiment 1. Next, dielectric layer 8, a tantalum oxide coating,
is formed on surfaces of metal foil 1 and porous body 2 by the same way as
described in exemplary embodiment 1. Silicone rubber that cures by
moisture is coated on a portion of dielectric layer 8 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
including the exposed area from dielectric layer 8. 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



4 to serve as a collector |ayer. The ab0\/7e is a configuration of1 ShAUL 200’]‘
capacitor elenent. The capacitor element is then resin-packaged to form
outer package 7 that has external terminal 8 electrical |y connected to
protruding portion 1A of netal foil I and external terminal 9 electrically
connected to silver paste layer 6. Next, a manufacturing mﬁt ho]g of theto
sol i d el ectphbsitodiCaRAEN S oh For gfs%?fdt?&gtxse%%ﬁiefﬂtco% 16% Y.'the same voltage
FIGs. 4A to 4F. Materials for netal foi : or porous t yf ;A o the
manuf act ur i a9 apiodeRgson. Of NELK, MH cRPAQHS: erttsOhy b il e

sane as desﬁc?i bed in exenplary enggdl rrentfé%?‘ Iﬁex?,%ggkec rPET ey & 4 g
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body 2 by the sane way as described in“exenplary e
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B;Strudi ng portion 1A, emsa}pl i cone rubger shonI@Ej cover the vvhoPe _suﬁ ace of
pr ot r udi ng igeprapemol for electredytig pobpmexipasied & Ranf LoHH d1desTts tayaysr 3-
Silicone ruybber of = viscosity of 33 Pas is coated 1 mmthick using a
di spenser tlFethig| progess, constantnvoltage ofid Noisr supilée BpBeed 0 prelcB AR Mol €
then inmrersed in 7 16 J U L 2004 phosphoric acid solution for restoration
treatment GPdstainlespplatgisedns ageounteraledivade bpmakiewt statilessaRas iahor

el enents are again i rsed in _an _thiophene solution corrposed‘ of
' G Prq rqstey oy deveciy| wihapee-aort layemmoftly dof c30nmirprier cibret
thi ophene F Lj:rgle are imrersed in a solution conposed of

. Next, the capacitor. el enent _ )
It ﬁiyg{ohene?( e&qsq@cﬁly ﬁ'ﬁ%ﬁﬁ%%@%ﬁ omubsganentlythe 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 stlicone

rubber of viscosity of 1 Pa-s used in exemplary embodiment 2, then allowed
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
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
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




| sopropanol for electrolytic polynerizat 'Bon to formsolid el ect_rllﬁlttlu,.am4
4. In this process, constant voltage of "3 V is supplied between pre-coat
layer and stainless plate used as an counter electrode by making stainless
wire, an acting electrode, in touch with pre-coat |ayer softly for 30 mn
for the electrolytic polynerization. Subsequently, the same nethod as

r tic
Capac Lor . (EXENPLAY EhBon: M o) AR R SR e f b ey %cwfedz 5

Pas i s coatfed onesh@aduaflesiilsigcong torfémefns‘maﬁihggﬁ%'tééh&g Ia;Br EaZ.SO useg,

exenpl ary enbodi nent 2, then allowed to stand one curi ng I n
150 C to f aobid elsetralyis gagrrot acforitfed BY Bhe sé—ﬁefv%.y asfa%ea%é&sngks&?i%g .
Next, solid electrolyte layer 4 is fornmed by the ™ sanme way as din
exerrpl ary enbbotiioentt 2 tb @oﬁqﬂpteehesohds@lebﬁ'olﬁlé?@&f)@éﬂ’él‘ c FﬁPa@'sEB Ae
silicone rubber enployed in this exenplary enbodinent 3 forns |nsulat|ng
protective haayceonorﬂf(gmmtimathactus lahgadyhdesghibedddi ti onal heating apparatus
are needed, nmintenance work of coating equipnment such as for dispensers
in this method iEBaldasl ehpwsetiaushathaeteristics caheolidibtlectroler BA5aGtt8 SUMi NG
coating process which differs from silicone rubber described in exenpl ary
enbodi nent aforgimentiongd ewewplany erobedimentsSemd sbhvewtiendluiamplyr eorby W
radiation, but heating apparatus is nuch sinpler and easier way than W
radi ati on EHHRSHEON. (EXAMPLE FOR COMPARISON) In a configuration of a
solid electrolytic capacitor used in exenpl arg 8 16 JUL 2004 enbodi ment 2,
silicone resin instead of silicone rubbefable Eoated and cured for one hour

under 150 | Gxletnplaiin | 1| ThpHditithd" Of ECIkR T VC T BSR (dEF™ | Withstand
embodiment | (uF) current (uA) 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
vbltage 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
equivaient series resistance (ESR), as functional polymer composes solid

electrolyte layer 4.



solid electrolyte layer 4 is formed by the same way as descri beaﬁr\JUL 200’"
exenpl ary enbodinent 2 to conplete a solid electrolytic capacitor. FIG 6
shows the basic configuration that is already described. Table 1 shows the
characteristics of solid electrolytic capacitors of afore-nentioned

exenpl ary embodi nents and conventional exanple for conparison. Table 1
Exenpl ary CEREMPNARY EAKBODIRPEN' Wthstand embodi ment (VF)currentvolts
e (V) 11300. 754012 21201. 2258 31252258 conventi onal 11023. 5256 Conpari son

check for initiaFIGh& skéws i=Stidas-sebtisphl ehe%b eftd ?&Maﬁ& irf \?ﬂ]ﬁtﬁht&rp%fcitﬂﬁe

Table 1 shows | arger |eakage current and |ower w thstand age'o

convent i onaélepdritd dbs@ilbel Vil @xeaRAGHY O6mbadiraeht di eéi@%isolmkr@mbﬁy%
formed on insulating protective |ayer 20. Mreover, the exanple soli

el ectrol yt i lamapaed tnid desis-patkapedl wgathey by fond mlsﬂﬁéﬁaﬁg‘e 7CagRehtance,
as coated silicone resin perneates dielectric layer 13 to choke pores of

por ous bodylantinatbé sotiturd afidolid eléadrdlytictonphyitbe shapadbwoESR i sedlpasd in
this invention show little decrease in capacitance. They show smaller
devi ati on ilargapapatitemes.i n a pr oducti on process, as coated silicone
rubber does not permeate porous' body 2. Moreover, they show | ower
n the descriptions on all exemplary embodiments of this invention,
solid electrolyte layer 4 is formed by chemical polymerization or by
electrolytic polymeﬁzation using solid electrolyte layer, formed by chemical
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 derivative of pyrrole, thiophene and
aniline as a recurring unit are preferable. And, one of chemically oxidative
polymerized polypyrrole, polyaniline and polythiophene by an oxidant, or one
of derivative 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
silicone rubber has a viscosity of at least 1 Pas, 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

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



| eakage current and hi gher w thstand vol%@ge, as surface of insu‘llﬁiullm.. 2004
protective layer 10 is free fromsolid electrolyte formati on. They have

| ower equival ent series resistance (ESR), as functional polyner conposes
solid electrolyte layer 4. 16 J U L 2004 (EXEVMPLARY EMBODI MENT 4) FIG 5
shows a cross-sectional view of a product in which capacitor elenents

descri bed iINBXESTRBEAN AW ABNL Ityof this invention are |am nated and
resi n- packaged together to formouter package 7. Such a | am nated

structure of sol The eleehtiohy diskle@achhoprshawsa | QW E ! ity 9€
capacitance. In the descriptions on all fg‘xerrpl a?y enbc%}%%e%%icoﬁ?%?ﬂg&

i nventi on, hauhgdexetent geyfam @y clarstéQEiBS sh¥h CheMoCalp RAHB' jZat i on
or by electrolytic polynerization using solid electrol yterfayer, forned by

chem cal pittlerdedleage onyreas: anfr higipavitheyeld volded 8LECLS %lnytiﬁsﬁl%ﬁ%d by
electrolytic polynerization is not yet specified, but taking into account
of easi nesProtectpsl hayer.i zAtsilivoneerdilicrrthap eliygy by aheistRe) ¥ hbPBRBRNOLS

pol yaniline or _functional polyners that have derivative of pyrrole,

t hi ophene #Ratedain forme the insylating pregectivg layree qur pfatrabir: pdwton 8Neale
chem cal ly oxiaga i'vea@dDOl yneri zed polg§yrrol e, polyaniline and -

pol yt hi ophéR&taly @anendopusfase of porviw atalve metalhdodpojistnat ehical S
are preferabl ﬁt.élﬁlg/breover, any conbination within polypyrrole, polyaniline
and pol yt hiP68 ngPertighr eeabl e. Silicone rubber can be prevented from
perneating porous body 2 if the siljcone rubber has a viscosity of at

| east 1 Pa-s, or nore preferably at least: 2.5 Pa-s. The silicone rubber
has a viscosity of at nost 33 Pas in terns of



wor kability in coating process. Additionﬁily, an exanple is descf’ﬁLH"JL‘2004
whi ch porous body 2 is fornmed on surfaces of netal foil 1, but another
configuration in which porous body 2 is formed on one surface of netal

foil 1 only is also possible. 10 16 JUL 2004 | NDUSTRI AL APPLI CABI LI TY The

I nvention disclosed can provide a solid electrolytic capacitor having
excel | ent perfornmance characteristicscﬁggmﬂ S no capacitance loss, little

| eakage current. and high wthstand voltage due to an insulating

protective layer. A silicone rubber that cures by noisture or heat energy

Is coated to formthe insulating protective |ayer on protruding portion of

valve netal foil. Angliheleddobiid @%{%&tfor%h%ﬁsi\ﬁ Lve netal body just at the
protrudi ng portion. 11 CLAI M5 16 2004 A solid electrolytic

capaci tor conpri(a) agapatiapr alera@cédr@prielgent conprising; (al) a valve
metal foil having a protruding portion onits first end; (a2) a porous

val ve netal body provadkd valvatmbedsfoilohgvisigl &q&@trl.ﬂfmé%cﬁltﬁbﬁ' o 1f[;59fi?§t
foil; (a3) an insulating protective |ayer conposed of l'icone ru )

that cures by atendgast one of moisture and heat, appli ed such that to
cover said protruding portion of said valve net aI foil;
a2) a porous valve metal body provided on at least one surface
of said valve metal foil;

(a3) an insulating protective layer composed of silicone rubber,
that cures by at least .one of moisture and heat, applied such that to
cover said protruding portion of said valve metal foil;

(a4) a dielectric layer provided on at least a surface of said
porous valve metal body;

(ab) a solid electrolyte layer provided on a surface of said
dielectric layer |
and

(a6) a collector layer provided on said solid electrolyte layer;

and

(b) external terminal electrically connected to one of said protruding

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.

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

layer covers said protruding portion of said valve metal foil, and said



(a4) a dielectric |ayer provided on at ?Zast a surface of said pdrﬁudUl 2[][)4
val ve netal body; (ab5) a solid electrolyte | ayer provided on a surface of

said dielectric layer and (a6) a collector |ayer provided on said solid
electrolyte layer; and (b) external term nal electrically connected to one

of said protruding portion of said valve nmetal foil and said collector

| ayer. 2. Tﬁﬁuﬁ’dih? pRbRELHR N CHLRRAC ﬁfle 9& Pibre ¥ gagti @ie?%(%?#:gaggﬁ i on

insulating protective layer ctontacts dir h sal

of said val stgrersBiid pfRihd oBBRnSH V4 [%yt i c capacitor of claiml,
wherein said diel ECtII?lI C Ilé%ee covers sg‘?gﬁar ot rludl ng portion of said valve

nmetal foil, and said 12 16 JUL 2004 insulatlng protecplve llayer further
covers the area where said dielectric |ayer covers said protruding portion

of valve netal fi mhasolﬁaeaablﬁleéﬁfdcmhwlcpalﬁamaﬁﬂhte%mozfala's%hﬁ‘ 1,
wherein said solid electrolyte layer includes a functional pol yner. 5. The

sol i d el ecteletiyoiyte dapacinchidesfa hwitforkl polyeaei.n having a plurality of
capacitor elenents, a plurality of valve netal foils included in said

plurality of capacitor elements are electrically connected, and a
plurality of collectors included in said plurality of capacitor elenents
are electricalI§ a'éherméldedeciﬁ'olmumﬁcam of chgnief Whdreih lsoting a
el ectrol yti acitor conprising

y p(iura ity of capacﬂr:g)r elements, a plurality of valve metal foils included in
said plurality of capacitor elements are electrically connected, and a
plurality of collectors included in said plurality of capacitor elements are

electrically connected.

6. A manufacturing method of solid electrolytic capacitor comprising
the steps of:

(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
silicone rubber covers said protruding portion of said valve metal foil;

(©) forming dielectric layer at leasf on surface of said porous valve
metal body;

and

(d) forming collector layer on surface of said solid electrolyte layer.

7. The manufacturing method of solid electrolytic capacitor of claim 6

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



the steps of: (a) form ng porous val ve rﬁtal body on at | east 0165 s..l[lUfLa(?_egU’r

of valve netal foil having protruding portion in the first end such that :
said protruding portion is left unforned by the porous valve netal body;

(b) formng insulating protective |layer with silicone rubber that cures by
at | east one of npisture and heating by coating such that the silicone

(Oper Covanntaial i@ b aRBhbON oty SR he Aot S dRE Hor Bl in fike b "9

dielectric layer at |east on surface of rous va > Fand
(d) form nanseldifed protkadi®s 19ySur face of said solid electrolyte layer. 7.
The manufacturing nmethod of solid electrolytic capacitor of claim®6
wherein said silicone rubber is applied on said protruding portion and on
end 13 16 JUL 2004 surface of said porous valve netal body at the
protrudi ng porti®Thd maifatitging Aethad oPgoRd QI&EEIVEC |c§ﬁf%f5i_t018 difin 6
manuf acturi ng nmethod of solid electrolytic capacitor of claim wher ei n,
in forning veladigini iel foeining dadd dielestiidladice] Gt dildcBB ayet 1@5%%@(1%1!1%11
that said dielectric |ayer covers said protruding portion of said valve
metal foi lthatindid didlectricnipyiensovets sgidppaiteedingepddieas of S@ddvSlvkiHBeRE
rubber is coated such that said silicone rubber further covers an area
wher e sai dfeiileandtric | ayer covers said protruding portion. 9. The

manuf acturing method of solid electrolytic capacitor of claim6 wherein
viscosity of saild fermisgrinsulabing preteative dayer, |sad-silicime fobbémiy sitdd

such that said silicone rubber further covers an area where said dielectric

layer covers said protruding portion.

9. The manufacturing method of solid electrolytic capacitor of claim 6
Wherein viscosity of said silicone rubber is at least 1 Pa-s, in forming said

insulating protective layer.

10. The manufacturing method of solid electrolytic capacitor of claim 6
wherein said silicone rubber is coated by a dispenser, in forming said

insulating protective layer.



insulating protective |ayer.. 10. The mgpufacturing method of ﬂoﬁl QUL qul,.
electrolytic capacitor of claim6 wherein said silicone rubber i's coate

by a dispenser, in formng said insulating protective |layer. ABSTRACT
The solid electrolytic capacitor disclosed in this invention can perform
excel l ent electrical characteristics due to an insulating protective |ayer.

A wat er-sheddi ng silicone rubber th&BSTif&@Tby noi sture or heat energy is
coated to formthe insulating protective layer on a protruding portion of a

val ve netal foi IThosolideleneblstt tasseitbr @isemrsea%n\tﬁhé/ﬂf%%ttﬁ;'n Qﬁﬂﬁe%mﬁ]hhe

protruding portion and on the surface of a dielectric layer covering e

protrudi ng gxoeliewnelektitd oladraetd@itads d8¢ lto an insulating protective layer. A
water-shedding silicone rubber that cures by moisture or heat energy is
coated to form the insulating protective layer on a protruding portion of a
valve metal foil, on the end surface of a porous valve metal body at the

protruding portion and on the surface of a dielectric layer covering the

protruding portion of the valve metal foil.



