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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 preetsetrisuciicaitty dnbbkctriy phe @llbstrogieat §eipaheht Wigd th@StRth A" €51 N
such as epoxy resi-n~or '16 JUL 2004
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




2 silicone resin, or sticked insulating tape nade of polyim deHz S
as a base material serves as insulating protective |ayer ﬁ\}zut %04

undesired solid electrolyte is usually fornmed al so on the i nsulating resin
or the insulating tape. This undesired solid electrolyte nust be cleared by
| aser processing, but the processing nmay cause increase in |eakage current.
In addition, coated  insulating resin permeates porous valve netal 12
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t al) a valve netal foil
ﬁgmllgs l&W%IE%E%ppa&ﬁh%%pEeﬂﬁF?gW??g{)re?\hng(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 oﬁégq OREREQF & prl i ed such that to cover sai d protruding
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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



'('a6) a collector |ayer provided on said solid electrolyte | ayeq pa ZQW*
external termnal electrically connected to one of said protru |59\I] t

of said valve netal foil and said collector layer. According to a second
aspect of the present invention, there 'bs provided a '16 J UL 2004 3
manuf acturi ng nmethod of solid electrolytic capacitor conprising the steps

of: (a) formn or qus, val ve met %I .body on at |east one surface of valve
met al fm@“ﬁ‘awﬁﬂgmeﬁw&qfaahl%le g samesitqrremprisiog thewersirth t hat sai d
rotrudin ' ' :
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form ng insulating protective icone r er that cures
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covers said grotru lll_j)l(gd&portion of said valve netal foil; (c) formng
di el ect PYUY ¥3¥s Mgtel Pet on surface of said porous valve netal 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 ?fs%?c?@élvéx%\éﬁf'h)iipn' FIG. 2A to 2F illustrate schematic views show ng
manuf acturi ng processed of the solid electrolytic capacitor according to

exenpl ary enaydoriing dieleafrictlbgerat RaGHn suffYeNd 1 sQill pdrbis vabrd hbwBhdd@t 8% 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.

FI G 5 BRIESDESCRIPRI@N GHSTHEDMRAMANGS ew showi ng a solid electrolytic

capacitor ac i, to exenpl ar. npodi nent 4 Qf the present .inventi.on.
FIpG 6 iIIuSfﬁ%ﬂégg%{m&?s&s‘@%sﬁgi‘%ﬁgwew LRV &R eéecéreﬁwrﬂapwar acgrding

el ect r oloydxleplary 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.



: _ L
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of this invention are described with reference to tEe d[ﬁmﬁngs. Th? ence
simlar elements consisting the sanme configuration have e sane refer
marks and the detailed description is omtted. (EXEMPLARY EMBODI MENT 1) The
configuration of solid electrolytic capacitor according to exenplary
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foil). Insulating protective |ayer 10 conpose I'’cone‘r
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nmetal foil 1 and on end surface of porous body 2 at prot I ng portion 1A
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electrolyte layer 4 is applied on a surface of dielectric layer 3,
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electrolyte layer 4 to serve as a collector |ayer. The above is a

conf i gur at iapplietl en g apafsice @f perenehbdy PheokdphaiticlytcelL@ Nt isi SHplidiedh a
resin-packaged to formouter package 7, which has externgl termnnal 8

el ectri cal Fyirfesamédielactric layer fudionpoer tadronllkyef smidkilver badtedager 6
external terminal 9 electrically connected to silver paste layer 6. Next,
a manuf act @r¢ Myokistedoen splidrrleesblite daper Motoy sénvecapacedbictorslaydes cTheed

ifically with refefence to FIGs. 2A to 2F. Sheet - shaped sintered porous
body 2 (3. APRVE i3 8 CoRBEWRAE of Aneanasorpelamenti s Thor crgthcitor salefmas iof

nmetal foil 1}? made of%céiaa%al u_r}) or the I|i kﬁ{aggSi | i.cone rubber of viscosity
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then all OV\@%CEIQLCE]&}?‘ régn{lgéteant% {)‘190 Jr:u £1)1rg 35%%}9 1A otI 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



I nsul ating protective |ayer 10 on protruding portion 1A of netal 1f€| dULaBBD#
on end surface of porous body 2 at protruding portion 1A Next,

anodi zation (12 V) of tantalumin phosphoric acid solution forns

dielectric layer 3, a tantalum oxide coating, on surface of porous body 2.
Then, the capacitor elenment is imersed in a pyrrole solution whose wei ght
rati o of pWlERleatt & i ne.. ety C Le 1: 5. 1. Additionally,
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conposed of silicone rubber is water repellent. Carbon |layer 5 an ver
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perform as a collector layer jointly. After pulling out a contact ?romthe
col | ect or asagepllector logpngointly. | Afperc padbnginiiton r@atsctroth theMeUseEhOf
epoxy resin or the like, to formouter package 7. External term nal 8

el ect ri cal 1§yesothe eapacitenisppackagtdrigitp eesinomoldy éenpascdet abodyngedih st end
of outer pagk?ﬂ(e 7 g\gd anot her external termnal 9 electrically connected
to silver pagtike; iykpnponter Haskasg Tat Bxternalctenthinali electrirelly pankaged? t o

conpl ete atsol id electrolytic, ,capacitor. As mentioned above, this
manuf act ur i %é’rﬂje‘t“ﬁlé’ag FostipaekA ds dovpedratethe Brefcerd of nutablpeckage faand

production_syste as _insul ati otective layer 10 is formed before
anodi zat i oﬁ?xi}he&n%%@f%?gfqr nta?%ag?@?ﬁm*ﬁtﬁ gprnected 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)



polymerization is not needed. In additiog, |aser processing is ﬂcﬁ Jbﬂgé}ﬂﬂ’&
to clear undesired solid electrolyte erroneously forned on insulating
protective layer 10. The capacitor has |esser |eakage current, as the
element is free fromstresses caused by renoving treatnent. Additionally,
the manufacturing nethod has a high workability and productivity as

silicone rubberNos, coat@sifyradidH Scﬂefﬂﬁérsolﬁ!‘d%l%f:]ﬁ'o{ﬁiego%y%?ftgg | {lg%dy in

additional process for curing as silicone rubber c

noi sture. Fxenblaey eubielimst e issdesePibBH Reith Fefrahbd & Fg@t gctive layer 10
fits a rough surface, which has a high adhesi veness and contributes to

provide a. strobgrowist halvanthetal bade. 2 (BXENREARY FEVRERMVENT:-2) 1,8 %?ia‘%l"d'-

2004 Now, a configuration of the solid electrolytic capacitor use
exenpl ary elibledirientayeri 8 itedormbddoni bhrfaes esEReeohe KIdG B PeruswyAl ve
nmetal body 2 is provided on valve metal foil 1, and dielectric [ayer 3 is
formed on duetegdiveolayeor Hhisobbged. ofl sifigbad irndber ¢hat touyvss b3y Bloidtere QP OS Ed
of silicone rubber that cures by noisture or heat energy is provided on
surface of hfadlenereydsimyeided envurfarg qfr ditactiiio day@08tdovaribs pRetiding
electrolyte layer 4 is provided on dielectric |ayer 3, and. carbon | ayer 5
and si | ver Boakpe 1%ye§0gdaﬁlé0tpﬁb¢9deﬁebl4 isaprioviddde onrdikldcerit dyger 34 ahd
serve as a colle torO%ay r.. The above is a configuration of the capacitor
el enent . Tﬁ@%%‘bg%ﬁ%r 2B SHYRT Paste }Pé’ﬁl”lﬁe@f%m@‘g@b” en Sthfe?ec;:nt)iwt@la);err di ng
kage 7 that has exterpal termnal 8 electrica connected to protru
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to silver | ayer 6. Next manuf act uri ng ne_thod of the solid
el ectrol yt iegg}%%%écit capacitor element  ts Eﬁen 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
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metal foil 1 or porous body 2, and nanufacturing process .of form ng porous
body 2 on netal foil 1 are the sane as described in exenplary enbodi ment
1. Next, dielectric layer 3, a tantalum oxide coating, is formed on _
surfaces of netal foil 1 and porous body 2 by the sanme way as described in

: . C s . isture is coated
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does not cover whole surface of protruding portion 1
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hour. The capacitor elenents are then imersed in 7
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vol tage as anodization. Next, the capacitor elenents are agaln inmersed in
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and butanqgl to forma pre-coat |ayer. Next, the capacitor elenent’s are
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acid and isopropanol for electrolytic polynerization -toformspll.d _
el ectrol yt é‘rrfg?féﬁl 58 Platerusied a5 am esuntarmisttande by malkingoftatlvss wisypRl | ed
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softly for %0 i,n n for.the . elt.ectr tic polynerization. Subsequently, the
same met hof SEr¥tichalumeriza ’é’i&‘em%{‘é}‘;?%%ﬂﬁl thename seethiodtassdaseribed|ind
el ect ! ol yt iegteﬁﬁﬁgﬁir %r%%‘odﬁx%éngcAo%lg%%%evs%% gl)ectrolytic 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




A silicone rubber of viscosity of 2.5 Pag is coated instead of SI1|601)UJ_ 2004-
rubber of viscosity of 1 Pas used in exenplary enbodiment 2, then all owed

to stand for one hour for curing in 150 Cto forminsulating protective
layer 10 for a capacitor element. Next, solid electrolyte layer 4 is

formed by the sane way as described in exenplary enbodinment 2 to conplete

a solid elaabsédinydhiC2 CaPREhE QESlﬁtﬁtéé&%%lhé{m%e{u f%ygo%é @ fr{yecéltlled

exenpl ary enbodi ment 3 forms insulati ng protective Tayer
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of coating equipnment such as for dispensers int I S easi er,
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differs from silicone rubber described in exenplary e d| nment
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heat i ng apparat us is much sinpler and easier way than W radi at 1 on

equi pment . basixemHigmACRnGNMRARS@H)dy| desaribedf i guration of a solid

el ectrolytic capacitor used in exenplary 8 16 JUL 2004 enbodi ment 2,
silicone resin itailead showsi th@co:haramﬂabxstmswfcarﬂﬁ@cblééb@oﬁwtcedapicﬁfor@“@f hour
under 150 C to forminsul ating protective |ayer 20. Then, solid

el ect r ol yt @fpreymentioneds exensp oy terebedimeeviay aas de:_smemﬂieﬂall Rxaxeitpl &y
enbodi ment 2 to conplete a solid electrolytic capacitor. FIG 6 shows the
basi c conf CHPAI®R-that is already described. Table 1 shows the
characteristics of solid electrolytic capacitors of afore-nentioned

exenpl ary enbodi nents and conventional e &h@l]e for conparison. Table 1

Exenpl ary | Exemplary Capacitance |Leakage ESR (mQ) 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.
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11300. 754012 21201. 2258 31252258 conventional 11023. 5256 Conpari son check

for initial characteristics of solid electrolytic capacitors in Table 1
shows | arger | eakage current and |lower withstand voltage of the _
conventional solid electrolytic capacitor, as solid electrolyte |layer is

formed on i (EXEMPNARY ENEBOUDBRVEAVEY) 20. Mreover, the exanple solid
el ectrolytic capacitor does not performfully and has smaller capacitance,
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porous body. On the other hand, solid electrolytiC capacitors osed in
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deviation in capacitance in a production process, as coated silicone

rubber doeslaminsped el eepiorpakageddibgdthdb e Poain, otfteYpsland eWeSuchegkage
current and higher wthstand voltage, as surface of insulating protective

layer 10 i sldmimtéd eimediie ofbelid eddcttaytiorcapbiitor shbey 16AVESRONEfvell as
equi val ent series resistance (ESR), as functional polyner conposes solid
el ectrol yt elargyeapdcitaBice] U L 2004 ( EXEMPLARY EMBCDI MENT 4) FIG 5 shows a
cross-sectional view of a product in which capaci tor elements _descrl bed in
exenpl ary enbodi kethe dastriphionsiow elit éxemplary ¢mbbdianentsaof thizsinveptivhaged
together to formouter package 7. Such a ) o

solid electrolyte layer 4 is formed by chemical polymerization or by

electrolytic polymerization 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.



| am nated structure of solid electrolytifgcapacitor shows |ow ES?Q&SJUJJ. IZUUII'
as large capacitance. In the descriptions on all exenplary enbodi nents of
this invention, solid electrolyte layer 4 is formed by chem cal

pol ynmeri zation or by electrolytic polynerization using solid electrolyte

| ayer, formed by chem cal polynerization, as a pre-coat |ayer. Solid

el ect rol yt eI NDUSTRAT, ¢ FRLTOARIILETY POl yneri zation is not yet specified,

but taking into account of easiness of polynerization reaction,

pol ypyrrole, pol VhéippbatienodiadbsanichhNgriide f 4NSSPLNALHROL ¥i75%§p£é1@$r have
derivative of pyrrole, thiophene and aniline as a recurri ne{ unit™are

pr ef er abl e.havidg onelleht gefirosdhae eiielatéMeticdAu¥RELd 78
pol yani | i ne and pol yt hi ophene by an Oxi dant, or one of d%%%%%oig *t he

above mat erlitdles lealoager efieraattl andMhigloweithsemd vobyaiaenahib Ofy Wt Bh&ulatin

pol ypyrrol e, polyaniline and polythi ophene are agreeable. Silicone rubber
can be prewdntesiiver byeperAmilicong pdrershaodyrds by hbBtusd bi heREchokRels has
a viscosity of at |east 1 Pa-s, or nore preferably at least 2.5 Pa-s. The
silicone rf9Btd fmform fhe dusilaging prattectivet 1:3@ rRaspidtrudidmpoftion'sf ¥alvel i t y
in coating Lgr%ée?s_. Addi tionally, an exanple is described 1 n which porous
body 2 is rBeiddiotbmnshionaead shrfase a0f portus value metdlhdbdgojfstost aicon in
whi ch porous El%%y 2 1is forned on one surface of netal foil 1 only is also
possi bl e. FEOHBRE PoBEGM- | NDUSTRI AL APPLI CABI LI TY The invention discl osed
can provide a solid electrolytic capacitor having excellent perfornmance
characteristics such as no capacitance loss, Ilittle |eakage current. and
hi gh wi thstand voltage due to an insulating



protective layer. A silicone rubber that fures by noi sture or hea‘l Behlel-ljgyzumi‘
is coated to formthe insulating protec]tlve | ayer on protruding portion of
valve netal foil and on end surface of porous valve netal body just at the
protrudi ng portion. 11 CLAIMS 16 JUL 2004 1. A solid electrolytic

capacitor conprising: (a) a capacitor element conprising; (al) a valve

metal foil having a protruding portioproyngs first end; (a2) a porous

val ve netal body provided on at | east one surface of said valve netal

foil; (a3) an insulating protective |ayer conposed of silicone rubber,

that cures by at |east one of noisture and heat, applied such that to

cover said prot rudiAnglidosletolyatc e bittal bmpilidly: f0i | ; (a4) a dielectric
| ayer provided on at |east a surface of sai porous valve nmetal body; (ab)

a solid el ectrol(y} a chpyeitopewsiedcanpasiiy:face of said dielectric |ayer
and (a6) a collector layer provided on said solid el ectrolyte |ayer; and

bortion of said Vel ve mecal forl and aard ok t Sieofdihe TR tgR G iNChRG,
electrolytic cagaditor of claim1, wherein said insulating protective
e Ot T Cel ) &' porons valve metal body provided on at 1ast eae o
_ y 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



metal foil. 3. The solid electrolytic capacitor of claim 1, V\hereﬂnﬁsdlUL 2004
dielectric layer covers said protruding portion of said valve netal foil,

and said 12 16 JUL 2004 insulating protective layer further covers the

area where said dielectric layer covers said protruding portion of valve
metal foil. 4. The solid electrolytic capacitor of claim1l, wherein said

solid el ecinslaifg @ctiiVBQE}"Qeﬁlr@hv\%]fj&%e.i'Q a0l Wﬂ%rrfz lflsg}sldf g{]ege%ﬂciclgggléi t or

el ectrolytic capacitor of claim1l, erein having a  p

el ements, acqvieus ahidyrdtfu&iaﬂg\ﬁ%r%haéfxfa(l{réiaétg‘f!fdiﬂed in said plurality of

capacitor elements are electrically connected, and a plurality of
collectors included in said plurality of capacitor elements are .
el ectrically connected. 6. A manufacturing nethod of solid electrolytic

capaci tor conprii the $diil sleefdlitic cdcifo? TPl F%erdd %848l body on
at | east one surface of valve netal foil having protruding portion in the

first end sletirolyde lspdrdinchidusradimgideil hodfnks left unformed by the porous
val ve 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 rubber covers said protruding portion of said valve
metal foil; (c) §oferaplidi elpetplyitic ¢amppeitonf chdst 1 owhewsihdesviak :sai d por ous
val ve netal .body; and (d) formng collector [ayer on surface 0 said solid
el ectrol yt @sglaty. off campgitorelenzantar arplurelitio of ollwo metadfeits intlyidied in
capaci tor Osfal Siur?agty 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;

(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.

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

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



wherein said silicone rubber is applied sai d protruding portﬂcﬁ‘u JU[L (ﬂﬂﬂlr
end 13 16 JUL 2004 surface of said porous valve netal body at the :
protruding portion, in formng insulating protective layer, 8. The
manuf acturing nmethod of solid electrolytic capacitor of claim6 wherein,
in formng said dielectric layer, said dielectric layer is fornmed such
that sai d ghgkgetdisi j radi i of said valve
rotal - foi It (e BERuE PR mERl boly He R IR RRhE WaBon B Fombline
rubber is GastRAinSprdtebiat 18phd silicone rubber further covers an area
where said dielectric |ayer covers said protruding portion. 9. The
manuf acturing nmethod of solid electrolytic capacitor of claim6 wherein
viscosity of said silicone rubber is at least | Pa-s, in formng said
i nsul ating prot ectihemaaydhcturith m@%ﬁo@%jﬂ%ﬁ&ﬁa%dtﬂﬂyﬁ@tcgﬁgci@% §4Lfh 6
el ectrolytic capacitor of claim®6 wherein said silicone rubber Is coated
by a di spemsleerein,ninf forming ssid dielefisid Riyied Js10QLBTCEME 14RNSE for ABSTRART
The solid electrolytic capacitor disclosed in this invention can perform
excel | ent &hetsaid dielettaicaliyer icoverssgidepicdradinignsedtatd s MAOFLGEI MBtd1ayer .
A water-shedding silicone rubber-that cures by noisture or heat energy is
coated to fleilrandie insul ati ng protective layer on a protruding portion of a
valve netal foil, on the end surface of a porous valve netal body at the
protrudi ng port iBfosminginsukating paetectie dager| sad rsilicdrey eubloaviy eqgetihe
protrudi ng Boi;t on of the valve netal foil.

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.





