1 DESCRI PTI ON GOCeX2- METHOD FOR MANUFACTURI NG SOLI D ELECTROLYTI C CAPACI TOR
5 TECHNI CAL FI ELD The present invention relates to a nethod for

manuf acturing solid electrolytic capacitor for use in vari X‘Mﬁl",%mmm"
el ectroni ¢ apparatus. BACKGROUND ART 10 As a result of downs lm
sophi stication in the performance of electronic apparatus, sol kdysos

el ectrolytic capacitors (hereinafter referred to as SEC), which being

el ectroni c conponents, are requested to be conpact yet havi“mm,ﬂm”m
capaci tance, a |lower ESR (Equi val emyESEeRIPIIBRGI St ance) and wwr
(Equi val ent Series Inductance). A technology for the |arger 15 ¢Rpaeltance

and the |lower ESR of SEC is disclosed in the USP 5377073 and the Japanese
Pat ent Lai d-open No. H11-274002, which are related to a chip- type

capaci t or WIRTHOD FORNANLEACTURINGSOEID ELEOCTROLYPIQICAELSITOR f oi |
or sintered substance of a valve action nmetal such as alum num tantalum

etc. is used for the electrode, and a dielectric layer is forned on the
surface of 20 the nmetal foil or the sintered substance, and a solid

el ectr oyt iTECHNICAS FIBIn®d on the surface. Further on the surface of
solid electrolytic layer, a collector layer and an el ectrode |ayer are

provi ded to conplBiie presiiafrivientionl eslabés to Enendthedt fo? daapeifidtapingndolidie
el ectrode | ayer of capacitor elenent are connected to the respective

connect i on dle¢tiblyaicscapanbiion fqragdeagevaions Ritidest dlect2bnie appargtusso that the
connection termnals are accessible fromoutside. A conventional finished

SEC i s thus manufactured. When nounting a conventional SEC on the surface
of a circuit board 2
BACKGROUND ART
10 As a result of downsizing and sophistication in the performance of
electronic apparatus, solid electrolytic capacitors (hereinafter referred to as
SEC), which being electronic components, are requested to be compact yet
having a larger capacitance, a lower ESR (Equivalent Series Resistance) and a
lower ESL (Equivalent Series Inductance). A technology for the larger
15 capacitance and the lower ESR of SEC is disclosed in the USP 5377073 and
the Japanese Patent Laid-open No. H11-274002, which are related to a chip-
type capacitor with laminated capacitor elements. In conventional SECs, a
foil or sintered substance of a valve action metal such as aluminum, tantalum,
etc. is used for the electrode, and a dielectric layer is formed on the surface of
20  the metal foil or the sintered substance, and a solid electrolytic layer is formed
on the surface. Further on the surface of solid electrolytic layer, a collector
layer and an electrode layer are provided to complete a capacitor element.
The electrode portion and the electrode layer of capacitor element are
connected to the respective connection terminals, and a package is provided in
25 a manner so that the connection terminals are accessible from outside. A

conventional finished SEC is thus manufactured.

When mounting a conventional SEC on the surface of a circuit board



in the sane way as sem conductor conponents, however, it needs the hel p of
external term nals. Under such a way of connection, the high frequency
characteristic can. not avoid being influenced by not only the conduction
route to the connection 5 termnal fromgthe el ectrode portion, electrode
| ayer, but also.it is influenced by the wiring portion of circuit board.
As a result, the ESL goes up naking it difficult to inprove the high
frequency characteristic. The present invention addresses the above-
descri bed ghoiHecdim@Rfhyh§BeiicsHdiRtorcdiBhbRéh fsO hoWRRES, A€ e d 9 ghSEEH Whi ch
10 can be connected direct with sem conductor conponents and inplenents a
| ow ESR angterdflweEninglkf ering a favorabl e high frequency characteristic.
DI SCLOSURE OF THE | NVENTI ON A nmet hod for manufacturing SEC i n accordance
with the present Ud§er Sy@h ivedy 6060 1testidn! Nk Biﬁqpﬁ'eaﬁeﬁéﬁé’hﬂa!aﬂeﬁstiﬁédﬁt
filmon one of the surfaces of an alumnumfoil, formng a first through
hole at a cjttaioid beasg fiftudrredtbyofiot 8hlystHedcat] diivtivvhRe lto thecBhABctidh
insulation filmcovering the other surface which is opposite to the one

havi ng sai dekgshsl frbin thedlOetirbdé poeticRieddedtrédd layeludd1sh @ ig iRflueatdd by

alum num foil, roughening said alumnumfoil in the 20 region where said
resist fil nhesedin@pbeianef ciesw¢ddardormng a dielectric |ayer on the
roughened surface of said alumnumfoil, form ng a second through hole in

said insul ation fAd4 enmiutth the ESLIdoas wanthiihgst difficaligto hﬁF@ove fiey Wigly a
solid electrolytic layer on the surface of said dielectric layer in

successi on freqi@royatchapacterigtichr oThe hebsertt! afivédtlen i Addfdsdes efNchlidvieough
hole, 25 formng a collector |layer on the surface of said solid

el ectrol yt idescriped probleti,thd aime pe 68 ai Metiaiddforr 18 athafadcoirihig[SECY ahithg a
first connection termnal at said opening, and form ng a second connection
term ndd orcaniee expogeet] direttawithodendiconductor components and implements a low

ESR and a low ESL offering a favorable high frequency characteristic.

DISCLOSURE OF THE INVENTION
A method for manufacturing SEC in accordance with the present
15 invention comprises the steps of providing a resist film on one of the surfaces
of an aluminum foil, forming a first through hole at a certain specific location
of said aluminum foil, forming an insulation film covering the other surface
which is opposite to the one having said resist film and filling said first
through hole of said aluminum foil, roughening said aluminum foil in the
20 region where said resist film used to be and removed, forming a dielectric
layer on the roughened surface of said aluminum foil, forming a second
through hole in said insulation film which is filling said first through hole,
forming a solid electrolytic layer on the surface of said dielectric layer in
succession to formation of a through hole electrode in said second through hole,
25  forming a collector layer on the surface of said solid electrolytic layer, forming
an opening in said insulation film, forming a first connection terminal at said

opening, and forming a second connection terminal on the exposed surface of



said through hol e el ectrode. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
perspective view of an SEC manufactured in accordance 5 with a first
exenpl ary enbodi nent of the present invention. FIG 2 is a cross sectional
view of an SEC in the first enbodinment. FIG 3 is a cross sectional

magni fied view of an SEC, showi ng the key portion in the first enbodi nent.
FIG 4 is a cross sectional view of alumnumfoil of an SEC, showing a 10
state after a resist filmwas formed in the first enbodinment. FIG 5 is a

cross sectignd@thvdgm Rbledledtroden foil of an SEC, showing a state after a
first through hole was fornmed in the first enbodinent. FIG 6 is a cross

sectional view of alumnumfoil of an SEC, showing a state after an
insulation filmwas fornmed in the first enmbodinent. 15 FIG 7 is a cross

secti onal VBRYIEBDERORIPATONOF THRMIAWING®QW ng a state after the
resist filmwas renoved in the first enbodinent. FIG 8 is a cross

sectional view of Fi.UDMi§upémipectile Ao Wt ais S tHaAufactaiedl Al bBEordance
dielectric layer was formed on the roughened surface in the first

enbodi mgnt . wiB £Hifst SenSplare eaffodifeht 0P dhe yrenfindémadbmum foil of an SEC,
showing a state after a second through hole was forned in the first

enbodi ment. FI G RIG. BiPa efdssestchalovisl off AVSHEIC aDtlERrstSdiAvbdithehtst at e
after the second through hole was filled with a conductive substance in

the first enbodiFERt3 iLh crdds setliohdl tapnefied ¥esi iof aal SECevhewimhtlREkey
showing a state after a solid electrolytic |ayer was fornmed on the
di el ectric payn inntHen@rstiehshodigismdi ment. 4
FIG. 4 is a cross sectional view of aluminum foil of an SEC, showing a
10 state after a resist film was formed in the first embodiment.

FIG. 5 is a cross sectional view of aluminum foil of an SEC, showing a
state after a first through hole was formed in the first embodiment.

FIG. 6 is a cross sectional view of aluminum foil of an SEC, showing a
state after an insulation film was formed in the first embodiment.

15 FIG. 7 is a cross sectional view of aluminum foil of an SEC, showing a
state after the resist film was removed in the first embodiment. |

FIG. 8 is a cross sectional view of aluminum foil of an SEC, showing a
state after a dielectric layer was formed on the roughened surface in the first
embodiment.

20 FIG. 9 is a cross sectional view of aluminum foil of an SEC, showing a
state after a second through hole was formed in the first embodiment.

FIG. 10 is a cross sectional view of an SEC, showing a state after the
second through hole was filled with a conductive substance in the first
embodiment.

25 FIG. 11 is a cross sectional view of an SEC, showing a state after a
solid electrolytic layer was formed on the dielectric layer in the first

embodiment.



FIG 12 is a cross sectional view of an SEC, showing a state after a
collector layer was forned in the first enbodinent. FIG 13 is a cross
sectional view of an SEC showing a state after an opening was formed in
the first enmbodinment. 5 FIG 14 is a crogs sectional view of an SEC,

showi ng a state-after a first connection termnal was formed in the first
enbodinent. FIG 15 is a cross sectional view of an SEC, show ng a state
after a connection bunp was forned in the first enbodinent. FIG 16 is a

cross sectional VWEY pf i#R §66s sshhdlOvidwsbAhR SRUEEhawidd aSHakd after a
el ectrolytic layer was fornmed on a dielectric layer in a second exenplary

enbodi ment .cofleGor 1dyéSwas $6:2586d $6£¢hé FRal efﬁuos&hﬁéntal um num foil of an SEC,
showing a state after a second through hole was forned in the second

enbodi nent. FI G H&}.i B3 & &@88s §&9cidr£HlaJ1eW SR ISEO sB6wing ho¥ate Ficsri At ©
after a 15 second through hole was filled with a conductive substance in

the second omueg Wi formet@n the first anfhodsmengCt i onal view of an SEC,
showing a state after a collector layer was fornmed in the second

embodi mgnt. FI G PIG.I $4 3 @ &8s $e6tiowdlaview 6PVaflf SBT, Shbwis %\/\sﬁage afedrod €
after an 20 opening was fornmed in the second enbodi ment. FIG 21 is a

cross sect i foRslconhetic términaCworvinRd ia thedi®t ahdlydiment] r st _connection
termnal was forned in the second enbodi nent. BEST MODE FOR CARRYI NG OUT

THE | NVENTI ON 25 1 .hosl ié ar crioes wbasidnul vigws of hel SEES showihE @ SR Gt a
(SEC) is described in accordance with exenplary enbodi nents of the pr esent

i nvention, con@ketioh biinp wdscfodmadiindhe ke edibddiimgatare ai med to present
t he concepts, 5
FIG. 16 is a cross sectional view of an SEC, showing a state after a
10  solid electrolytic layer was formed on a dielectric layer in a second exemplary
embodiment.
FIG. 17 is a cross sectional view of aluminum foil of an SEC, showing a
state after a second through hole was formed in the second embodiment.
FIG. 18 is a cross sectional view of an SEC, showing a state after a
15 second through hole was filled with a conductive substance in the second
embodiment.
FIG. 19 is a cross sectional view of an SEC, showing a state after a
collector layer was formed in the second embodiment.
FIG. 20 is a cross sectional view of an SEC, showing a state after an
20 opening was formed in the second embodiment.

FIG. 21 is a cross sectional view of an SEC, showing a state after a

first connection terminal was formed in the second embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION
25 Method for manufacturing solid electrolytic capacitor (SEC) is
described in accordance with exemplary embodiments of the present invention,

referring to the drawings. The drawings are aimed to present the concepts,



not to exhibit precise dinensions. (Enbodinment 1) Referring to FIG 2 and
FIG 3, an alum num foil 20 has been roughened in one of the surfaces, and
a dielectric layer-27 is formed on the 5 roughened surface of the al um num
foil 20. Further on the surface of dielegtric layer 27, a solid
electrolytic |ayer 29, which is substantially an electrode, is provided to
be functioning as a capacitor in conbination with the alumnumfoil 20.
The surface roughening of alumnumfoil 20 is ained to expand the surface

area of el egdtrtodshilpit iprecise dimeabpnkncr easi ng the static 10 capacitance of
an SEC. Provided on the surface of the solid electrolytic layer 29 is a

col l ector I(Eneodithen@r1)facilitating an easy |ead-out of the el ectrode. The
collector layer 30 is connected to a second connection termnal 32 via

through hol e el eqtéfeﬁanﬁ% e 2hapdgRIGo!® gheshuRBfim 8fdib 00 haRAbE¥N
filling a second through hole 15 36 with a conductive substance, which

el ectrode iwughefitd iifiadde/of tlsdbaifaded)Var a didddbtAkilaferd R s Forhearsd ke
alumnumfoil 20. A first connection termnal 31 is connected direct with

the al ui nuBughehbd 28uarfidd lof Hee@lliiinsahhy foilsgh.at Fhrik@Mohhehs afiffsee of
connection termnal 32 by insulation film25. The connection term nals 31

and 32 are dielvétdedaglr 1235 peeblid edléctiblytic MHRACLI OWHILHTS Sbsdagtiaghyfai the
pur pose of direct connection with a sem conductor conponent. Thus the

first connedééteodd,ds provided todedfunkeionte®ad aceipacitb Of coindinatich with he
di sposed on a sane pl ane; which configuration nmakes it possible to connect

a sem conduduniintonfoib @ dheeshrfacd hoagh&hiGe ofheluativiun? Joil 199 Bogineed teg
di stance between the conponents is remarkably shortened to a reduced ESR
and ESL. Fusntpasidrthie subfacdi measofgldch@deopativn, otherebyniinedeasing ehe static

10 capacitance of an SEC.

Provided on the surface of the solid electrolytic layer 29 is a collector
layer 30 for facilitating an easy lead-out of the electrode. The collector layer
30 is connected to a second connection terminal 32 via through hole electrode
28. The through hole electrode 28 is formed by filling a second through hole

15 36 with a conductive substance, which electrode is electrically insulated by an
insulation film 25 from the aluminum foil 20.

A first connection terminal 31 is connected direct with the aluminum
foil 20, while electrically insulated from the second connection terminal 32 by
insulation film 25. The connection terminals 31 and 32 are provided

20 respectively with connection bumps 33 and 34 for the purpose of direct
connection with a semiconductor component.

Thus the first connection terminal 31 and the second connection
terminal 32 are disposed on a same plane; which configuration makes it
possible to connect a semiconductor component direct with an SEC. Thereby,

25  the connecting distance between the components is remarkably shortened to a

reduced ESR and ESL.

Furthermore, by disposing the connection terminals in an



6 arrangenent as shown in FIG 1, directions of the electric current are
reversed anong each ot her; thereby, the generated magnetic fields nutually
cancel to a reduced ESL. FIGs. 4 through 15 show cross sectional views used
to describe 5 manufacturing process of an SEC. Referring to FIG 4, a
resist film=23 is forned on one of the surfaces of alumnumfoil 20. A
photo sensitive resin or an adhesive organic filmmy be used for the
resist film23. The filmmay be forned easily through such nethods as an

i mer si on, AraRkemeant AdGhow S GheEIGDI1, ”Hix‘%@tmﬁsféf‘ Bhat d1gehid @urfentOare
sprayi ng. Wi chever method of the above can readi | y provide a resist film

23 on one wyefadeambng dchlothesdtitdrely,ithe deriatad %@d’gﬁietticvﬁelﬂﬁ,srhﬁtuﬁly
advantageous in that it is easy to apply and cure; |l e an organic film

I s advant age@ids] tda rbdbcdd ESbnt ri butes to nake the rranuf acturing process
sinple, in addition, it can be peeled off easily at a |later 15 process

step. In the nextFEG&p4 th@ughUnBnERdowOttosdOsdctiatad\iidesd Wsbd ® Tdek&tibe
through hole 24, as shown in FIG 5. The first through hole 24 can be

formed &t amynapidtafialg preeedd sSaSEC.a high preC| sion by using at |east
one of the methods anong a | aser beam nmachining, a punching nethod, a

drilling method aRefed¥inglte®IG.0t, di Fepbharfien 28Gs fTRGHéd oA DneNPthe s@&fa?c@@wm in
FIG 6, an insulation fiIlm25 is formed on the aluminumfoil 20 coveri ng

t he surfacealoppiasin €oil 201 hA phito Bansibigetegin 66 hfi tadhbbivd ot gaaitilinh nhdyBe t he
first through hole. The material for insulation film25 nmay be sel ected

preferably wwdnért tiee geoigp filin 23. e[They fil@Siihy Beplorinedi esiBb thRfigh saich
silicone resin, an acrylic resin and a phenol resin. These materials are
superior i mntatimdmmmmgerpmpergpyn costing] ascecagainthe sofilandttackinpeat
10 spraying. Whichever method of the above can readily provide a resist film 23
on one surface at a high productivity.

A photo sensitive resin is advantageous in that it is easy to apply and
cure; while an organic film is advantageous in that it contributes to make the
manufacturing process simple, in addition, it can be peeled off easily at a later

15  process step. In the next step, the aluminum foil 20 is provided with a first
through hole 24, as shown in FIG. 5.

The first through hole 24 can be formed at any optional location with a
high precision by using at least one of the methods among a laser beam
machining, a punching method, a drilling method and an electric discharge

20 machining.

Next, as shown in FIG. 6, an insulation film 25 is formed on the
aluminum foil 20 covering the surface opposite to the one having the resist
film 23 and filling the first through hole. The material for insulation film 25
may be selected preferably among the group of an epoxy resin, a polyimide

25  resin, a silicone resin, an acrylic resin and a phenol resin. These materials
are superior in the insulating property, resistance against solvent and heat

withstanding property. Furthermore, they stick fast to the aluminum foil 20,



wi t hstandi ng property. Furthernore, they stick fast to the al um num foi

20, 7 or the electrode. They not only protect the surface of alum num foi
20 from solvent, acid, etc. used during the manufacturing process, but
they also play the role of protecting aR SEC from outsi de environnents.
The insulation -film25 may be fornmed by using at | east one of the nethods
anong an 5 imrersion, a spin coating, a screen printing, a spraying and an
el ectrodeposition. Wi chever nmethod can readily provide an insulation film

25 evenly o theelsetirbds.e 'pﬁeﬁhuﬁbﬁwrgf&bbt 2tk sﬁ’fﬂa@é of Qldrﬁirﬁﬁh'igﬂ Zlfﬁ‘oh&‘
insulation film25, the first throu hol e 24 of alumnumfoil 20 may be

chanfered ajopwift, bbH, %@ﬂ%seﬁh&uﬁﬁg%%rmﬁﬁufzfctﬁt ERe&Eht the§falBsplay hat
10 m ght have errerged during formation of the first through hole 24, at the

sane tine the +IBIAVERtbéten Ch\fﬁ'S'E‘(g R APSfsid enkioWnften TheMndaldiod he
other surface of alumnumtfoil 20, as a result it is effective to prevent

possi bl e %tZEIm%IBé HerRed VIBE isine atthlémmﬂplo@ meeﬁiétﬁees %aﬂgl dibe

al um num f oi | 20 le on the one surface of the alumnumfoil 20, it

i nproves t Renrherdioner A NGph ORBAfiMgOf a diseh&St I pFinkBET a27sprafyied ad an
effective to present possible short - circuiting between the“solid

el ectrol yt ideétayd@posttiand Wickévwe¥ methddedn réfdily\provider 6 hdulafion film
above-descri bed effects, an SECis provided with stable characteristics

and the rel2mbivbhly oS theTRueRRd. ofNakimirAémsSfaW20i N Pride td .foifatibASHSthE i | M
23 sticking on one of the 20 surfaces of alum numfoil 20 is renoved by,

for exanpl eénsulatirsifig 25, ithe afirdtegirdugheholéer4 sofl allumihund il 20Smefops i n
FIG 8, the surface of alumnumfoil 20 is roughened by etching in a

regi on wherchdnifere@airsiind itheedge UsTHe tch abefesing: isrdAmpdeth ganddafdirabhti C
| ayer 27 is formed on the roughened surface of 25 alum numfoil 20. The
sur f aca0r ouglght gy ecéabrgeyl dusinpdonnation iofdhéYirst' through hole 24, at the same
time it improves the covering property of insulation film 25 at the other
surface of aluminum foil 20, as a result it is effective to prevent possible
short-circuiting between the through hole electrode 28 and the aluminum foil
20. While on the one surface of the aluminum foil 20, it improves the
15 covering property of dielectric layer 27, which is effective to present possible
short-circuiting between the solid electrolytic layer 29 and the aluminum foil
20. As the result of above-described effects, an SEC is provided with stable
characteristics and the reliability is improved.

Next, as shown in FIG. 7, the resist film 23 sticking on one of the

20 surfaces of aluminum foil 20 is removed by, for example, immersing it in a
resist remover solution.

Then, as shown in FIG. 8, the surface of aluminum foil 20 is
roughened by etching in a region where the resist film 23 used to be and
removed, and a dielectric layer 27 is formed on the roughened surface of

25 aluminum foil 20. The surface-roughening etching may be conducted by, for

example, immersing it an acidic solution and applying a certain specific

voltage thereto, or simply immersing it in an acidic solution. The formation



exanple, imersing it an acidic solution and applying a certain specific
vol tage thereto, or sinply immersing it in an acidic solution. The
formation 8 of dielectric |ayer nay be conducted by, for exanple, an anodic
oxidation of the alumnumfoil 20 in angaqueous sol uti on of anmmoni um

adi pate or an aqueous solution of a mxture of boric acid and borax. FIG
9 shows a state where a second through hole 36 was forned in the
insulation film25 so that the 5 insulation film 25, which layer is filling

the first tofideslabtrilagedmay be kERAuctod Ay foft eXaOMIIE, ANANVAIC 0x884 6% Bf Phe
first through hole 24. The second through hol e 36 can be forned at a high

accuracy Wdliiintiefdingoiatanosiyghddu® dolhiibn &f biaemohivrs tadipdRU@hah alhBeoty
usi ng either one of the nmethods anong a | aser beam machining, a punching

and a dril ldohgiord d€R, mixfure WfBdritvhddelifrborde 28 G. 9 dRows B tdWwhdre! 4 Ng
t he second through hole 36 with a conductive adhesive substance and curing

it, as showecomd théoudld.-holbi 36 Weys Ernidduhagielihd\dation fikho¥b de thdthtleigh
hol e el ectrode 28 easily. Then, a solid electrolytic layer 29 is formed on

the surBacenetladicel Gt 25, Wehieh 1d¥er a6 fAliapnthenfirdtCthrblighTheleS24] & kept
el ectrolytic layer 29 is fornmed by using at |east one anong 15 the group

of a conduGithyimghadoyimer theenall duethce bf @igh tiiroup@helal24. PAHE@IcbAd thesugh
het er ocycl i ¢ nonomer such as pyrrol, thiophene using an oxidizing agent

such as f erlidle 3sWandbe fordied At aufphakcerRGtwithi tke imallxfibhifdel Allinyles e
the alumnumfoil 20 is imersed 1n a heterocyclic nononer solution and

applied w tfirsé thobtiglgdholdiebpiusingreithenane of tkd aecthddgeiinsig adladyr beam
heat - deconposi ng manganese nitrate; a coated filmfornmed by applying a

suspensi on mhclpimings £ puehing aindea deillingr ; Thed, a thratgh Holé wlectrodee?s by
appl yi ng an aqueous sol ution of conductive polyner. The conductive pol yner
whi ch Afs Hemmedeby fillimg ahé esetbmd ubirongk lodle 3k evihon econductive eadhesivde
formed on the surface of dielectric |ayer 27 after
substance and curing it, as shown in FIG. 10. This way of manufacturing can
provide a through hole electrode 28 easily. Then, a solid electrolytic layer 29
is formed on the surface of dielectric layer 27, as shown in FIG. 11.
The solid electrolytic layer 29 is formed by using at least one among
15 the group of a conductive polymer generated through a chemical
polymerization of heterocyclic monomer such as pyrrol, thiophene using an
oxidizing agent such as ferric sulfate, or through an -electrolytic
polymerization where the aluminum foil 20 is immersed in a heterocyclic
monomer solution and applied with a voltage therein; manganese dioxide
20 generated by heat-decomposing manganese nitrate; a coated film formed by
applying a suspension of powdered conductive polymer; and a coated film
formed by applying an aqueous solution of conductive polymer.
The conductive polymer which has been made available through one of
the above processes may be formed on the surface of dielectric layer 27 after
25  the layer is provided with manganese dioxide on the surface.

The above process provides the conductive polymer homogeneously

and intensely. By using the above-described material and procedure, solid



25 the layer is provided with nmanganese di oxi de on the surface. The above
process provides the conductive pol yner honogeneously and intensely. By
usi ng the above-described material and procedure, solid 9 electrolytic

| ayer 29 can be provided even on the surfyjace of dielectric |ayer 27 that
has been fornmed in the mcro etching pits generated as a result of the
rougheni ng operation. Thus it contributes to a higher static capacitance of
an SEC. 5 Furthernore, in a case where the solid electrolytic layer 29 is

formed usidigctaslybicdagee 20waarbeproviled bavigonl theSifrfa@nst dieRetit ayidoran
wi t hstand possible danage or breakage that m ght arise during the

manuf act ur iyh@t HHOBESS formhéd id 2hs hﬁYbﬁ'oaetéhﬁfge?ﬁEt nefatd h&a! Asul PYLtha0
was formed on the surface of solid electrolytic layer 29. The coll ector

llayer 30 i spougheBthdypdiatritR! YIS &f cdrt@iutes tH hlRradtatid dapachfed off a
suspensi on of carbon particle, a conductive adhesive substanCe and a

conductive £aBMC, This process inproves the adhesive property between the
solid electrolytic layer 29, or a substantial electrode, and the collector

| ayer 36, or an appahefthofd,dald esss whieh6rBOY¥olillBedteblytic 169629ds FVdndde
hi gh frequency characteristic is inproved. 15 FIG 13 shows a state where

an openi ng wsingatn begawid matdrigl, ithe Uagbi 98 sbft! shd UdxiBledahd¥ah Web¥tand
machi ning or a grinding nethod, for providing a first connection term nal

31 on the ojdmsiblsuddraage air drewkapgenthat Imight dfiesedwghpode edinifactirihe
opening efficiently; which contributes to a higher productivity. FIG 14

shows a st af@cedier Fl1&.f12 showsanerite afterer tblledtor 24yer130\vamsplosiiedeash the t he
opening 37. The first connection termnal 31 is provided for facilitating a

good cont aqirfadet bf @blidrelectiphyitinlayezn@9i sThendudlectst Wyieh 30ds dorimieduby f Oi |
20. Preferred process of formng the first connection term nal 31 includes
10 applying at least either one among the group of a suspension of carbon
particle, a conductive adhesive substance and a conductive paint. This
process improves the adhesive property between the solid electrolytic layer 29,
or a substantial electrode, and the collector layer 30, or an apparent electrode;
thereby, the ESR is reduced and the high frequency characteristic is improved.
15 FIG. 13 shows a state where an opening 37 was formed in the insulation film
using a laser beam machining or a grinding method, for providing a first
connection terminal 31 on the other surface of aluminum foil 20.
These methods can form the opening efficiently; which contributes to a
higher productivity. FIG. 14 shows a state where a first connection terminal
20 31 was provided in the opening 37.
The first connection terminal 31 is provided for facilitating a good
contact with other component, and is connected with the aluminum foil 20.
Preferred process of forming the first connection terminal 31 includes
application of conductive adhesive, electroplating, electroless plating.
25 The application of a conductive adhesive is advantageous in increasing
the manufacturing productivity, because of its easiness of application and

curing. In the case of electroplating and electroless plating, since it is



application of conductive adhesive, electroplating, electroless plating. 25
The application of a conductive adhesive is advantageous in increasing the
manuf acturi ng productivity, because of its easiness of application and
curing. In the case of electroplating anghyel ectroless plating, since it is
10 already covered with the insulation fiIm25 except the opening 37 and
the exposed portion of through hole el ectrode 28, the first connection
termnals 31 can be provided altogether evenly with ease by covering the

exposed surdlassdyptovdredonith tied enfillacibhoflien 285 arebpthehaVbpbeinge eIl §h¢ f ace
of collector layer 30 5 with an insulation tape or the |1ke item Depending

on the needspoked Portion of tlrough!ledle @lstifsdd 26) thetfirss @FhaEbICtmiaarPnent ,
a second connection termnal 32 may be provi ‘ded on the exposed surface of

t hrough hol @rebeptdvided aBBgbtherlesehlyoRlitl é41@, byt el ﬁfese:ﬁicﬁbd Rerfakce @F her
process. Wen formng the second connection termnal 32, the first

connection thebtughdote 3lectivilet I8 ahd tIRCWAB1CAIVRESS bAffaké ro&ﬂc@ﬁé&oﬁ?ay?&%@e
formed al together by sinply covering the entire reverse surface of

col | ect &r |witbrasthstlatioh RapélbeBe tikeGtémed Depeadimid bARhe mag of iMfurihke
item FIG 15 shows a state where a first connection bunp 33 and a second

connect i on dHusatéid conhecthorarwithdemidorductdre @6inponengMangeédil FoAHBCtIdn
sol der, gold, tin and silver, were provided on the 15 first connection

termnal 3lteaminahs? aexpbd p@@ﬂﬁ@dtdxm’het &tposbdIsudtace ofehpeEEH Yibleyelebi?bdd
were illustrated in FIG 14. A second connection bunp my be forned

direct, eli28 bgtdlegropiatings eledtmdesteplating d1eothieraproddss. SiWbentfoemégnoket i on
termnals are di sposed on a sane plane, it can be connected direct with a
sen conductsecondn@mmnention Tteeminhk 32Hahe- fiesic coleettiozD temhirads 1 rmduthet ur e

readily inplenments a low ESR and a | ow ESL, and offers an SEC of superior
hi gh f l€quesecynd ltanaettéon sérmimal§ B2bexdi berfordgd altogether by simply covering
the entire reverse surface of collector layer 30 with the above-described
insulation tape or the like item. FIG. 15 shows a state where a first
connection bump 33 and a second connection bump 34, which are made of at
least one among the group of solder, gold, tin and silver, were provided on the
15 first connection terminal 31 and the second connection terminal 32,
respectively, which were illustrated in FIG. 14. A second connection bump
may be formed direct, eliminating the second connection terminal 32.
Since the connection terminals are disposed on a same plane, it can be
connected direct with a semiconductor component. Thus the above-described
20 method of manufacture readily implements a low ESR and a low ESL, and
offers an SEC of superior high frequency characteristics.
(Embodiment 2)
FIG. 16 shows a state where a solid electrolytic layer 29 was formed on
the surface of dielectric layer 27, which had been formed on the roughened
25  surface of aluminum foil 20 as illustrated in FIG. 8 in the embodiment 1.
The solid electrolytic layer 29 is formed through the same process as

in the embodiment 1. The point of difference from the embodiment 1 is that



FIG 16 shows a state where a solid electrolytic |layer 29 was fornmed on

the surface of dielectric |ayer 27, which had been fornmed on the roughened
25 surface of aluminumfoil 20 as illustrated in FIG 8 in the enbodi nent

1. The solid electrolytic layer 29 is fo d through the sanme process as

In the enbodi nent 1. The point of difference fromthe enbodinent 1 is that

11 in the present enbodinent 2 no through hole el ectrode 28 is yet provided
at the present stage; this arrangenent has the foll ow ng advantage. Since

the through {4l ﬁre%leﬁ@tefrﬂﬂﬂﬁl%nm ﬁ@rtHF&th h8lcCOREtOHE VB AMAAShMRided at

substance, it can be ill-affected by solvent, etc. used for formng the

solid el ectynl p’ﬁe’sén f@b‘c%'s 2Bis aﬁaﬁkémehh%atsrt’h@%ﬂoﬁ%?Iaﬁ'vﬁﬁ%e{g%de gthedtheet

swol | en, eroded, ed off. So, a range of selecting materials for the

conductive Mb&gh \h%le 81eoAB OB 140U e@ 67l doRlduktivg ddﬂé'siv%dsuﬂdexﬁefee'it cat the
manuf act uring method i n accordance wth the present enbodiment 2 where the

solid el ectyedflvhffectedVSy sel¥ehs, &icOubERdorf forftin@ifetddeid électjrglsitnf Riygh Jool e
Pl

el ectrode 28 is formed, the above-described influence by sol vent, "etc. does

not neeg t0v1QetHeaﬁﬁ'6ugH%1@61‘e‘ét%He Mt s®olleRe e FRIMAY 6F ifakedagthesi ve

subst ance can be selected from anong a W der range of candidate materials.

Then, as shown ir8d;| @ rafige 2of aededindr Rd8dvidlel €o36thHeS coAniBHVOYadRedidser
beam machi ni ng, a punchl ng method, a drilling nethod, or an electric 15

di schar ge rmﬂigt@mmwoald:eve'ﬂtaaﬂg%nmawdough hole 36 is filled with a
conducti ve adhesi ve substance, as shown in FIG 18, and then it is cured to

provide a througlHbrkeehieths ettt dBcturitg mkThs8 9B ceordhate witletige present
collector layer 30 was formed on the surface of solid electrolytic |ayer

29. The poigthbedintérit 2dieee the eolid ddctAilytibtayedtREindvidud fidstditithdna FI G
12 is that while the through hole electrode 28 in FIG 12 is connected with
solid dltectthabyghholagkictidde 2818 formedgthdabevelesdrittideinfluence by solvent,
etc. does not need to be taken into account. Therefore, the conductive
adhesive substance can be selected from among a wider range of candidate
materials. Then, as shown in FIG. 17, a second through hole 36 is formed by
a laser beam machining, a punching method, a drilling method, or an electric
15 discharge machining, etc. The second through hole 36 is filled with a
conductive adhesive substance, as shown in FIG. 18, and then it is cured to
provide a through hole electrode 28.
FIG. 19 shows a state where a collector layer 30 was formed on the
surface of solid electrolytic layer 29, The point of difference from that of the
20 embodiment 1 shown in FIG. 12 is that while the through hole electrode 28 in
FIG. 12 is connected with solid electrolytic layer 29, the through hole electrode
28 in FIG. 19 is connected also to the collector layer 30 besides the solid
electrolytic layer 29.
Thus the ESR is further reduced, and the high frequency
25 characteristic is improved. And then, an opening 37 is formed as shown in

FIGs. 20 and 21 by the same process as in the embodiment 1, and a first

connection terminal 31 is provided in the opening 37 to obtain an SEC.



28 in FIG 19 is connected also to the collector |ayer 30 besides the solid
electrolytic layer 29. Thus the ESR is further reduced, and the high
frequency 25 characteristic is inproved. And then, an opening 37 is forned
as shown in FIGs. 20 and 21 by the sane;process as in the enbodi nent 1,
and a first connection termnal 31 is provided in the opening 37 to obtain
an SEC. 12 A feature point of the manufacturing nethod in accordance with
the present invention is that it uses an alum numfoil before etching as

the starting nmatfidture ldoihpsf f1d P B cASNAR RadDd #Y A&ordfsed Wit the
t hrough hole 24 having been formed in the alumnumfoil 20, in a step for

renovi ng t RfreBent Shednthon Ms ZhathitClisdsS adt aliMth @l HIE belirkas®hhg thethe
alumnumfoil, an acidic solution or an al kaline solution may be used,

besi des or gahiting @haRiial. akt hAe follREingladvaimYeEs:| Mbet asanthretihadlof
manuf acture. |If an acidic solution or an alkaline solution is used for

removing t et hagimd bbéh Torded InatHeagRihiftie Bl 26 ik rydep ek ked@vilg ERElY
havi ng a roughened surface is enployed as the 10 starting material, the

sol utiop MessibiFHEed 28 whith hRayRigohenad SR the alalmifuiy il 0dh adldic
besides the resist film 23 staying on one surface. The dissolved surface

of al um nungol@iibn H2Yar afichlire Soldieiodr MAFMBE Ussd,Mdsides Rt BORRnES a@ fhSEC.
In the manufacturing nmethod of the present invention, however, the 15

et ching i s mpptirethover ¢h tho préReitsheftiddafidahafdtedre)n I8aa sdidicadbutdén or
alum num foil 20 is renoved. So, there can be no such worry as descri bed

in the abovan alledltheasdlasibatis et fer rexaoving del weitdilid 281iARDGGeavHédedn
range of candidate nmaterials. Furthernore, in a case where the

manuf act ur i slanisiuew fdilc2@ diliendy2 Basingo adsngghaticdhstiifacd e emplogath ol that 2,
a conductive adhesive substance
10 starting material, the solution may dissolve also the roughened surface of
aluminum foil 20, besides the resist film 23 staying on one surface. The
dissolved surface of aluminum foil may lead to a deteriorated static
capacitance of an SEC.

In the manufacturing method of the present invention, however, the

15 etching is applied after the resist film 23 formed on one surface of aluminum
foil 20 is removed. So, there can be no such worry as described in the above,
and a resist remover can be selected from among a wider range of candidate
materials.

Furthermore, in a case where the manufacturing is conducted in

20 accordance with the present embodiment 2, a conductive adhesive substance
may be selected from among a wider range of candidate materials.

Thus the present invention offers a wide range of freedom in the
process designing, making the manufacturing of SEC easy. The SEC
manufactured in accordance with the present invention provides following

25 advantages: Since the first connection terminal and the second connection
terminal are disposed on a same plane, it can be connected direct with a

semiconductor component as the source of power supply, and it has a superior



may be selected fromanong a w der range of candidate materials. Thus the
present invention offers a wide range of freedomin the process designing,
maki ng the manufacturing of SEC easy. The SEC nmanufactured in accordance
with the present invention provides follpyng 25 advantages: Since the
first connection termnal and the second connection term nal are disposed
on a sane plane, it can be connected direct with a sem conductor conponent
as the source of power supply, and it has a superior 13 high frequency

charact eri Hiph feédiicy charhfigriEbic@itlfornce the dielectric substance forned
of an organic material is richin flexibility, it can be nounted even on a

circuit or a subgrudhermvhd,Chincs P AWELcird JuPBIHHARI fHhEP of Jﬁeox"ghllﬂli'éi ng

on such a circuit or a 5 substrate was substantially inpossible. Sti

further, itmagstidleshidh ROféAbAUShit cAnBEPmouated BhdhoR ds@reulb B a B s2aks
make a certain contribution to downsizing of apparatus. | NDUSTRI AL

APPLI CABI LIwlichOisAexptaed 'tobe ehtiid 8traboV eThé hEowhfHLHn EOMERAL divduieidred s a
wi de range of freedomin designing the process. Consequently, the SECs can

be mangf acdubseshtvivwdls QasRantiaBy inddssibdei sSHN ffthRl, itAhntdech $as® it k& t he
manuf acturing nethod of the present invention inplenents a high

producti vi ty dubstige it 2akelr i MhuwwPehetSECs Muke iat coFtain dRntAbasiohatd 15
value in the industry. 14 Wat is claimed is : 1. A nethod for

manuf act ur i digvisdiking &l fsgaratyd.i c capacitor conprising the steps of ;
formng a resist filmon one of the surfaces of an alum numfoil,
INDUSTRIAL APPLICABILITY
10 As described in the above, the present invention offers a wide range of
freedom in designing the process. Consequently, the SECs can be
manufactured with ease at a high precision level. At the same time, the
manufacturing method of the present invention implements a high
productivity in the manufacturing operation. Thus it provides a certain

15  value in the industry.



5 formng a first through hole at a certain specific |ocation of said

alumnumfoil, formng an insulation filmcovering the other surface which
is opposite to the one having said resist filmand filling said first

t hrough hole of said alumnumfoil, 10 ugheni ng the surface of said
alumnumfoil in the region where said résist filmused to be and renoved,
formng a dielectric |layer on the roughened surface of said alum numfoil,
form ng a second through hole in said insulation filmfilling said first

15 t hrough Woleis ERifleddsa t hrough hole el ectrode in said second through
hole and then formng a solid electrolytic |ayer on the surface of said

diel ectric |ayerA mdtRb@HE nfarhithbRE1LLE sbBI Ve @POIVHE cAPhERGL o | R}%ﬁ;ggg fﬂé i d

el ectrolytic layer, formng an opening in said insulation fi orm ng
a first conpegd ppn termnal at said opening, and form ng a second
connection term nal on exposed surface of said through hole electrode. 2.

A nmethod for manubasing hNGsist Hlintore bRE bF Phe biiFfabEPECAR QluRPAPhI f8iINg the
steps of ; 25 forming a resist filmon one of the surfaces of an al um num

foil, formng a fhimhg tRYENNPOLEL Mol SET dbRadPePebiflc 1QRaRIINOBE Yaigai d
alumnumfoil, 15 formng an insulation filmcovering the other surface
which i s opflagiinem fsilt he one having said resist filmand filling said

first through hole of said alumnumfoil,
forming an insulation film covering the other surface which is opposite

to the one having said resist film and filling said first through hole of said
aluminum foil,
10 roughening the surface of said aluminum foil in the region where said
resist film used to be and removed,
forming a dielectric layer on the roughened surface of said aluminum
foil,
forming a second through hole in said insulation film filling said first
15  through hole,
forming a through hole electrode in said second through hole and then
forming a solid electrolytic layer on the surface of said dielectric layer,
forming a collector layer on the surface of said solid electrolytic layer,
forming an opening in said insulation film,
20 forming a first connection terminal at said opening, and
forming a second connection terminal on exposed surface of said
through hole electrode.
2. A method for manufacturing solid electrolytic capacitor comprising the
steps of ;
25 forming a resist film on one of the surfaces of an aluminum foil,
forming a first through hole at a certain specific location of said

aluminum foil,



roughening the surface of said alumnumfoil in the region where said 5
resist filmused to be and renoved, formng a dielectric |ayer on said
roughened surface of said alumnumfoil, formng a solid electrolytic |ayer
on the surface of said dielectric layer yand then formng a second through
hole in said insulation filmand then 15 form ng a through hole el ectrode
I n said second through hole, formng a collector |ayer on the surface of
said solid electrolytic layer, formng an opening in said insulation film

formng a first gepnesd hAnbElationdilnd bovdity IRERG sudfibelWhidhNg o?p§§i€¢9nd
connection term nal on exposed surface of said 15 through hole electrode.

3. The met hgdtHeObndAvARE sHid PesiSOKilA 8he8dilliRleyddid FARatirbQEh AL bedaid
claiml1l or claim?2, wherein said first through hole is forned by using at

| east one oflubliauetdipds anong a | aser beam machi ning, a punchi ng met hod,
a drilling nethod and an 20 electric discharge machining. 4. The nethod

for manufact uri ngrosghbgig! g swifNéd 6f saadihRhuhfdil BthdregibRiwheke¥ai@! ai m
2, wherein said second through hole is fornmed by using at |east one of the

met hods 5anoiegist fllas ased enbe ARdemdv@d, @ punching nmethod and a drilling 25
met hod. 5. The nmethod for manufacturing solid electrolytic capacitor

recited in clai nfoimdiig 6l Hbl¥ctric WMRrInsalifl 19agHe &b kaifabé bisaidl 41X N
succession to an edge chanfering on said first through hole.
foil,
forming a solid electrolytic layer on the surface of said dielectric layer
and then forming a second through hole in said insulation film and then
10 forming a through hole electrode in said second through hole,
forming a collector layer on the surface of said solid electrolytic layer,
forming an opening in said insulation film,
forming a first connection terminal at said opening, and
forming a second connection terminal on exposed surface of said
15 through hole electrode.
3. The method for manufacturing solid electrolytic capacitor recited in
claim 1 or claim 2, wherein
said first through hole is formed by using at least one of the methods
among a laser beam machining, a punching method, a drilling method and an
20 electric discharge machining.
4. The method for manufacturing solid electrolytic capacitor recited in
claim 1 or claim 2, wherein
said second through hole is formed by using at least one of the
methods among a laser beam machining, a punching method and a drilling
25 method.
5. The method for manufacturing solid electrolytic capacitor recited in

claim 1 or claim 2, wherein



6. The nethod for manufacturing solid electrolytic capacitor recited in
claim1 or claim?2, wherein 5 said insulation filmis formed of at |east
one anbng an epoxy resin, a polyimde resin, a silicone resin, an acrylic
resin and a phenol resin. 7. The nethod i@r manuf acturing solid

el ectrolytic capacitor recited in claiml or claim?2, wherein said
insulation filmis formed by using at | east one nethod anong an 10

| mer si on process, a spin coating, a screen printing nethod, a spray

process and an &ja94trbSde RS s fofmed in HIROREND o bl e dBCH AR THHAN In SRk d
el ectrolytic capacitor recited in claiml or claim?2, wherein said resist

filmis at figdshroith BERNY a photo sensitive resin and an 15 adhesive
organic film 9. The nethod for nmanufacturing solid electrolytic capacitor

recited in @ aiThel nsthotafoR mantifétirthe 3bHd ! 8kiEblytid Bapacitd FRStdy in'si ng
at | east one net hod anbng an | mrersi on process, a sSpin coating, a Screen

printing nedlhnd 1 & dhlmBWRGeidg 20 nethod, a spray process and an
el ectrodeposition. 10. The nmethod for manufacturing solid electrolytic

capaci t @ recitedaid inShlationlfilen i€ feinie® of Wh et bneddflohBrL8FbROt&in, a
el ectrode is fornmed by filling a conductive adhesive substance and then

cu 19,11, Piykbul e oo fauhae i st pori  eapec Lo,
sai d second GonrEd in@éthiodr forndlahuifsctifiry &61dUsIebirely3i esh @ tdiURSHAIIC en
claim 1 or claim 2, wherein
said insulation film is formed by using at least one method among an
10 immersion process, a spin coating, a screen printing method, a spray process
and an electrodeposition.
8. The method for manufacturing solid electrolytic capacitor recited in
claim 1 or claim 2, wherein
said resist film is at least one among a photo sensitive resin and an
15 adhesive organic film.
9. The method for manufacturing solid electrolytic capacitor recited in
claim 1 or claim 2, wherein
said resist film is formed by using at least one method among an
immersion process, a spin coating, a screen printing method, a film attaching
20 method, a spray process and an electrodeposition.
10. The method for manufacturing solid electrolytic capacitor recited in
claim 1 or claim 2, wherein
said through hole electrode is formed by filling a conductive adhesive
substance and then curing it.
25 11. The method for manufacturing solid electrolytic capacitor recited in

claim 1 or claim 2, wherein

the material forming said first and said second connection terminals is



12. The method for manufacturing solid electrolytic capacitor recited in
claim1 or claim?2, wherein said first and said second connection term nals
are formed by using at 5 |east one nethod anong an el ectroplating and an
el ectrol ess plating. 13. The nethod for nufacturing solid electrolytic
capacitor recited in claim1l1l or claim2, wherein the material constituting
said solid electrolytic layer is a conposite containing at |east one

mat eri al anong a a-el ectron conjugated polymer and a 10 conducting pol yner

ot her than 4 bedductire ddiesid §¥skthake manuf acturing solid electrolytic
capacitor recited in claim1l or claim2, wherein said solid electrolytic

layer is foripged The ysbthddafor! fRsiufeRtRriis SBRA dMREHORRIA RN forC ReHide in
pol ymeri zati on where a heterocyclic nononer is 15 polynerized with an

oxi di zi ng aggih.1 @'clelfY, kferkire pol yneri zation where a heterocyclic
nononer i s polynerized by applying a voltage, an application of a

suspensi on of congid fir8PaRdlsyiteseddadidonn8stiod Re AR 1S At FormRéd BY 1RMNEaYS
sol ution of conducting polyner and a thermal deconposition of nanganese

nitrates 20east oddtethbd @ehdry anBetAPAihE hnechh 1Rt RAEdOpMbing. Capaci t or
recited in claiml or claim?2, wherein sard solid electrolytic layer is

fornmed by usigig Blie leétHodofte Sfarufectu¥iid @dhdastestto tf&@ﬂ%@étor recited in
pol ynmeri zati on where manganese dioxide is generated by thernal

deconposi t i gaimfl sedladnes evidretfiat e and then 25 pol ynerizing a heterocyclic
nmonomer using an oxidizing agent, an electrolytic polynerization where a

het erocycl i c nonaiier maseial yorstitigthd ¥aibBbNd edrolytict REger i8h apmbbsiaéi on
of a suspension of conducting polyner particles and an 18
containing at least one material among a w-electron conjugated polymer and a
10 conducting polymer other than that.
14. The method for manufacturing solid electrolytic capacitor recited in
claim 1 or claim 2, wherein
said solid electrolytic layer is formed by using at least one of the
methods among a chemical polymerization where a heterocyclic monomer is
15 polymerized with an oxidizing agent, an electrolytic polymerization where a
heterocyclic monomer is polymerized by applying a voltage, an application of a
suspension of conducting polymer particles, an application of an aqueous
solution of conducting polymer and a thermal decomposition of manganese
nitrate.
20 15. The method for manufacturing solid electrolytic capacitor recited in
claim 1 or claim 2, wherein
said solid electrolytic layer is formed by using at least one of the
methods among a chemical polymerization where manganese dioxide is
generated by thermal decomposition of manganese nitrate and then
25 polymerizing a heterocyclic monomer using an oxidizing agent, an electrolytic
polymerization where a heterocyclic monomer is polymerized by applying a

voltage, an application of a suspension of conducting polymer particles and an



application of an aqueous sol ution of conducting polynmer. 16. The met hod
for manufacturing solid electrolytic capacitor recited in claiml or claim
2, wherein said opening is formed by using at | east one of the nethods
anong a 5 |aser beam machining and a griygding method. 17. The nethod for
manuf acturing solid electrolytic capacitor recited in claiml1l or claim 2,
wherein the material of said collector layer is at |east one of the
materials anong a suspension of carbon particles, a conductive adhesive

substance afjfplich@ion sfaiitlighédss #Autibn ofeor@uating polymer.

16. The method for manufacturing solid electrolytic capacitor recited in

claim 1 or claim 2, wherein
said opening is formed by using at least one of the methods among a

5 laser beam machining and a grinding method.

17. The method for manufacturing solid electrolytic capacitor recited in

claim 1 or claim 2, wherein
the material of said collector layer is at least one of the materials
among a suspension of carbon particles, a conductive adhesive substance and

10 a conducting paint.
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