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and ai MBhe present invention relates to a method for manufacturing solid

electrolytic capacitor for use in various kinds of electronic apparatus.

BACKGROUND ART

In line with the recent trends of downsizing and introduction of higher
frequencies among the electronic apparatus, capacitors are requested to be
compact yet to have a larger capacitance, a lower ESR (Equivalent Series
Resistance) and a lower ESL (Equivalent Series Inductance).

As to the technology for increasing capacitance of a solid electrolytic
capacitor (hereinafter referred to as SEC), the USP 5377073 and the Japanese
Patent Laid-open No. H11-274002 disclose a technology of laminating
capacitor elements in a chip-type capacitor. Thus the conventional SECs can
be increased in the capacitance, and improved in the ESR.

However, when mounting the conventional SECs on the surface of a
circuit board like semiconductor components, the SECs need the help of
external terminals for connection. This way of connection poses a limitation
in the improvement of ESL. In order to further reduce the ESL, shapes and
length of terminals for electrical connection and the wirings need to be
streamlined. The present invention addresses the above problems, and aims
to offer a method for manufacturing large capacitance SECs that can be

connected direct with semiconductor components and implement a superior
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to offer a nethod for manufacturing | arge capacitance SECs that can be
connected direct with sem conductor conponents and inplenent a superior 2
hi gh frequency response. DI SCLOSURE OF THE | NVENTI ON A net hod for

manuf acturing SEC in accordance with thegopresent 5 invention conprises the
steps of form ng a porous portion on one“of the surfaces of an al um num
foil, formng a dielectric layer on said porous portion, formng a through
hole at a certain specific location of said alumnumfoil, formng an

i nsul ation pj3hefe@ibrivd @spbid. num foil covering the other surface which is
opposite to the one having said porous portion and the inner wall 10
surface of said through hole, formng a solid electrolytic |ayer on said
dielectric layer, form ng a through hole electrode in said through hol e,

formng a PECEOSUREQDEMTHE NVENTION €l ectrolytic layer, formng an
opening at a certain specific location of said insulating |ayer provided

on said al um numA faethod ik frﬂéﬂhﬁﬁtﬁ’nﬁgnSEet h?rhéchdHr{b%' with $RbOpRREAL NI
and on the exposed 15 surface of said rough hol e el ectrode. Since the

connect 50N {ngBALiBAI Somprisys dBE stapkher RRYMINGIaOholBUbGEIEH JrA¥8E SNEhoN
t he exposed surface of through hole el ectrode are disposed on a sane

pl ane, the SEaceanfhe alognineed 6l dbimelg Wdidles@Nd & @E‘Bﬁts(aﬁdBE
of fers a superior high frequency characteristic. 20 BRI EF DESCRI'PTI C]\l CF

THE DRAW NGSrinfifg althﬁ)@hpnal%p@s:hl MR tHine¥p fifid Tocaltfon BN YARL hiiBthud foil,
accordance wth a first exenplary enbodinent of the present invention.
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which is opposite to the one having said porous portion and the inner wall
10 surface of said through hole, forming a solid electrolytic layer on said
dielectric layer, forming a through hole electrode in said through hole, forming
a collector layer on said solid electrolytic layer, forming an opening at a
certain specific location of said insulating layer provided on said aluminum
foil, and forming a connection terminal in said opening and on the exposed
15 surface of said through hole electrode. Since the connection terminals
provided in the opening of insulation layer and on the exposed surface of
through hole electrode are disposed on a same plane, the SEC can be

connected direct with semiconductor component and offers a superior high

frequency characteristic.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of an SEC manufactured in accordance
with a first exemplary embodiment of the present invention.
FIG. 2 is a cross sectional view of an SEC in the first embodiment.
25 FIG. 3 is a cross sectional magnified view of an SEC, showing the key

portion in the first embodiment.

FIG. 4 is a cross sectional view of aluminum foil of an SEC, showing a



portion in the first enbodinent. FIG 4 is a cross sectional view of

alum numfoil of an SEC, showing a 3 state after chanfering in the first
enbodinent. FIG 5 is a cross sectional view of alum numfoil of an SEC,
showing a state after an insulation |laygr was fornmed covering the

non- porous surface and the inner wall surface of through hole in the first
enbodinent. 5 FIG 6 is a cross sectional view of alumnumfoil of an SEC
showing a state after a solid electrolytic |ayer was fornmed on dielectric

layer in theafd 4ftbr cRARGHABM thE fisst dmbddAnEALSS sectional view of an SEC,
showing a state after a through hole electrode was fornmed in the through

hole in the firstrIGG RPefiiRBEioMAIGied dfaltntinds fAE6! AABHC ViR Ry £D
SEC, showing a state after a collector |layer was formed on solid

el ectrol ytigatdAXfleridh iReulhtiont 1a§BP W d edimed tblerife i thenéd-BofoeEhARR!
view of an SEC, showing a state after an opening was forned in the

i nsul ation 43y ehe ithdrhRall istetace B0 PRFITRIN holdSnfthE firk? elibAimEAES secti onal
view of an SEC, showing a state after a connection termnal was formed in

the opesing in tiEd.i6 i a erdiadcbBbhal Vie® ofldlunSindint T61$ of 88 BEONGhowingy Of
capacitor elenents of an SEC, showing a state after a package was provided

in the firstatmhftdl arddlid &ebirok?id Rydr s forafel 419 AMdledtrRNa9br @0 tREGirst
showing a state after 20 external term nals were provided on the package,

as well as gmpbodEetdan bunps, in the first enbodinent. FIG 13 is a cross
sectional view of an SEC, showing a state after a resist filmwas provided

on the insul ati orFIGRYRs ia crbss &eRtidn8K 918k dfYan SEOJER®Ring a state after a
through hole electrode was formed in the through hole in the first
10 embodiment.

FIG. 8 is a cross sectional view of an SEC, showing a state after a
collector layer was formed on solid electrolytic layer in the first embodiment.

FIG. 9 is a cross sectional view of an SEC, showing a state after an
opening was formed in the insulation layer in the first embodiment.

15 FIG. 10 is a cross sectional view of an SEC, showing a state after a
connection terminal was formed in the opening in the first embodiment.

FIG. 11 is a cross sectional view of capacitor elements of an SEC,
showing a state after a package was provided in the first embodiment.

FIG. 12 is a cross sectional view of an SEC, showing a state after

20 external terminals were provided on the package, as well as connection bumps,
in the first embodiment.

FIG. 13 is a cross sectional view of an SEC, showing a state after a
resist film was provided on the insulation layer in a second exemplary
embodiment.

25 FIG. 14 is a cross sectional view of an SEC, showing a state of resist
film after patterning in the second embodiment. -

FIG. 15 is a cross sectional view of an SEC, showing a state after a



25 FIG 14 is a cross sectional view of an SEC, showing a state of resist
filmafter patterning in the second enbodinment. FIG 15 is a cross
sectional view of an SEC, showing a state after a 4 through hol e el ectrode
was formed in the through hole in a thirg exenplary enbodinent. FIG 16 is
a cross sectional view of an SEC, show ng a state after a solid
electrolytic layer was forned on the dielectric layer in the third 5
enbodiment. FIG 17 is a cross sectional view of an SEC, showing a state

after an ivhsohgh il bRtEFodeasat T6rTREd Qﬁ_th@etmeﬁgnq{o@éﬁn%Jfﬁi@&%x@_imﬁkfsm num
foil and an insulation portion was provided in the through hole in a

fourth exemihBédimerypodi nent. 10 FIG 18 is a cross sectional view of an
SEC, showing a state after a solid electrolytic |layer was forned on the

dielectric |ayer FIG.t 16 id ausrobs sestei]mBRt: of hi SEE, showi ‘ﬂ%ta%@%?ﬂe@ﬂ@'

view of an SEC, showing a state after a through hole was formed in the

i nsul ati on Joidt iesbtidlytibeldyakr wase o drest - thbS dRESd Py diO0Ffn CORRYiHE CUT
THE | NVENTION A solid electrolytic capacitor (SEC) and the nethod of
manuf actur embodiasditr dance wi th exenpl ary enbodi nents of the present
I nvention are described referring to the draw ngs. The drawi ngs are ai ned

to present the 2IEOIT&PhTrodiPbedtdndX Wik lof RIESETS sﬂomﬁgiaogt%te%&% ment
1) Reference is made to FIG 1 - FIG 3, in a sheet-forned capacitor

el ehmant 1, ieetlaior e urdaeaamad oarthal non-purodshridced 6f ARARIMBHOBE Hvd
erenng an insulation portion was provided in the through hole in a fourth exemplary
embodiment.

10 FIG. 18 is a cross sectional view of an SEC, showing a state after a
solid electrolytic layer was formed on the dielectric layer in the fourth
embodiment.

FIG. 19 is a cross sectional view of an SEC, showing a state after a
through hole was formed in the insulation portion in the fourth embodiment.

15
BEST MODE FOR CARRYING OUT THE INVENTION

A solid electrolytic capacitor (SEC) and the method of manufacture in
accordance with exemplary embodiments of the present invention are
described referring to the drawings. The drawings are aimed to present the

20  concepts, not to exhibit precise dimensions.

(Embodiment 1)
Reference is made to FIG. 1 - FIG. 3, in a sheet-formed capacitor
element 1, one of the surfaces of an aluminum foil 3 is made porous by etching
or the like process, a dielectric layer 2 is formed on the porous portion, and a

25  through hole 4 is formed in the aluminum foil 3 at a certain specific location.
An insulation layer 5 is provided to cover the other surface, viz. non-porous

surface, of the aluminum foil 3 and the inner wall surface of through hole 4,



or the like process, a dielectric layer 2 is forned on the porous portion,
and a 25 through hole 4 is fornmed in the alumnumfoil 3 at a certain
specific location. An insulation |layer 5 is provided to cover the other
surface, viz. non-porous surface, of the alumnumfoil 3 and the inner
wal | surface of through hole 4, 5 and a solid electrolytic layer 6 is
formed on the dielectric layer 2. A through hole electrode 7 is forned in
the through hole 4, and then a collector layer 8 is forned on the solid

el ectrol ytignd Q)é@hd@aleé\ﬂ@éﬂgtmtm?ef B fekh O ohaHR! dieleRbric FyHE f‘ur?&ftﬁi'éug:‘h IS
provi ded with an openi ng certain specific location, 5 and t

surface exppiedldyrddaer aPRAMM i the threUEHeBIN! And tRON RGO 15§é1n8 R
10. The through hole electrode refers to an electrode forned in

through holfgrméfeor apacksled e@é&m?hcllatylayse st Negt,ufied 1h§uuamw @.@f&r%téh a
package 11 covering the side surfaces and the collector |ayer A first

external teflaigum 81 B2s povided it ﬁﬁt g}xeqﬁhgm 6PANRetAN Wdclfid Raglbwm num
foil 3, and a second external termnal 1 is electrically connected

with the cold®ehe shi& efposcll ByPtY idiRAiw 9 he RackRAewith AREnhb&ToR

connection bunp 14 is provided on the through hole electrode 7 and the

connecti on teemihall0.10Thé Qﬁmggh K6leYelebtrofle Rbfeg @ ahCelbdtrbde! foraedhetied. I n
the follow ng, a nethod for manuf acturing SEC in the present invention

I s descri bemrb@élerhlb[éwg to the drawings FIG 4 through FIG 12. The
alumnumfoil 3 with dielectric layer 2 is provided by etching one of the

surfaces of an alThé papaditdrlelémbat Tekasistrir@nufdtbis Prodiddewithos patkage 11
dielectric oxide filmthereon through anode oxidization in a e ctrol ytic

20 sol uti orcovAnighgtthersidé barfaberhnd thé @blledok $ayuros.i dgdirst bXte@nhhtrughahol e
4 at a certain specific location, as shown in FIG 4. The through hol es
can be 10or nE2] whichgéd bk@btﬁ&all’ge@ﬂﬁn@cfted with tHechBliginum foil 3, and a second
external terminal 13, which is electrically connected with the collector layer 8,
are provided on the package 11, and then a connection bump 14 is provided on
the through hole electrode 7 and the connection terminal 10, respectively. A
finished SEC is thus completed. In the following, a method for
15 manufacturing SEC in the present invention is described referring to the
drawings FIG. 4 through FIG. 12.
The aluminum foil 3 with dielectric layer 2 is provided by etching one
of the surfaces of an aluminum foil 3 to make it porous, and then forming a
dielectric oxide film thereon through anode oxidization in a electrolytic
20  solution. And then, the aluminum foil 3 is provided with a through hole 4 at
a certain specific location, as shown in FIG. 4.
The through holes can be formed altogether by means of a wet etching
process. Besides the wet etching, a finer through hole of 100um or smaller
can be formed at a high precision level by using a laser beam machining, a
25 punching method, a drilling method, an electric discharge machining, or the

like means. The above methods are applicable to any kinds of materials.

When forming the through holes by wet etching process, an aluminum foil 3 is



process. Besides the wet etching, a finer through hole of 100m or snaller
can be fornmed at a high precision level by using a |l aser beam nmachining, a

25 punching nethod, a drilling nethod, an electric discharge machining, or
the |like means. The above methods are applicable to any kinds of
materials. Wen formng the through holes by wet etching process, an
alumnumfoil 3 is 6 etched after the foil is provided at both surfaces

with resist filmhaving openings at places corresponding to the through

hol es, and dthrey tdfeer’ Gi%d Fbilfisl Provided efPB6h surfRdeewith boGst HAUGAVIRE e at
the surface to be facing to dielectric layer 2 is chanfered by neans of

wet et chi ngyRhih#eal plRePERFESFondihg €6 Thé tREG RS Rolk, At TRE! thdRIsMSilhie
reliability of an insulation l'ayer, which will be provided at a later

step. Next,ish¥marellyi Medpe dfthbltBiduith hbletithe@@thcetb et faelPosdibicetbic an
insulation layer 5 is fornmed to cover the other surface, viz. non-porous

surface, oflay8e234 A MEERUHY mBanBGf Wit ebEWifE odethb 184 pReBsDfit cddteigBs hol e
4, as shown in FIG 5. Although the el ectrodeposition provides 10 an even

and i nt gns el figtHedtibiiroVva YRS relidlility bf ad iROSHItIIN lak¥r, tWisich tWhigl E@%ﬁiﬂ&é& of
the layer turns out to be slightly thinner at the edge of through hole 4

facing theatdi gl aatdri Cstepyer RextlhepyedappBhasT e Nindwlagihkectiinye thedugh
elimnating the risk and inplenmenting a higher insulating reliability.

Appl i cat i orsleétradepdsitioh,dn ifsilasion Byet F 1 fetniedie eevedetheObtHolr Hurface,
edge-covering property, carbon 15 particles and titanium oxide particles

through el edir ndeposold Sirfase, g the alaghvidind #6i0 BSand RlieThaep wadl stuffhes oed to
in the present exanple is a polyner added with a polynmer substance of

particle dithiehgh hblynipas shewheinh FIG. 5ncAthsaghhiheWleansddpositich peyetes he
fluidity; thereby inproving the edge- covering property. However, if a

resin moxt uire evén hndhintelge ivadatiog layapehdre 2 possibRitythdephs ithRdkness o
the inner wall surface of fine through hole of 100mor smaller, the
deposi ted |afithe laper fienewat tobe ishighklyahin aéogt tHeceddy sfitbifotigh Bole 4 facing
the dielectric layer 2. The edge chamfering is effective for eliminating the
risk and implementing a higher insulating reliability. Application of an
insulating resin containing a micro gel of high edge-covering property, carbon
15 particles and titanium oxide particles through electrodeposiﬁon is quite
advantageous. The micro gel referred to in the present example is a polymer
added with a polymer substance of particle diameter 10um or smaller to
increase the viscosity and lower the fluidity; thereby improving the edge-
covering property. However, if a resin mixture of high edge-covering property
20  is electrodeposited onto the inner wall surface of fine through hole of 100pm or
smaller, the deposited layer may become too thick and clog the through hole.
Therefore, it is advised to split the electrodepostion into two stages; first
attaching a thin film of a high resistively resin and then an insulating resin
which is a mixture of a micro gel of high edge-covering property, carbon
25  particles and titanium oxide particles. By so doing, an insulation layer 5 of
low failure rate is provided on the inner wall surface of through hole. Then,

as shown in FIG. 6, a solid electrolytic layer 6 is formed on the dielectric layer



Therefore, it is advised to split the el ectrodepostion into two stages;
first attaching a thin filmof a high resistively resin and then an
insulating resin which is a mxture of a mcro gel of high edge-covering
property, carbon 25 particles and titani ym oxi de particles. By so doing, an
insulation layer 5 of low failure rate i's provided on the inner wall
surface of through hole. Then, as shown in FIG 6, a solid electrolytic

| ayer 6 is formed on the dielectric layer 7 2. The solid electrolytic |ayer

6 can be fopmedihrQudh ddedbsiticalaydioley ®in 2t ifBFmed fRrfIBCtd Odhnhieal
pol ynmeri zation of a n electron conjugated polyner such as polypyrrole,

pol yt hi opheitymaeiheionaor AHPERkER] LtheriG@AbAI dF AG B1&RFUH ebhfigabed Y Mer
ot her than that; or b§/1 conbi ni ng t)fltgi‘z}.b )?h%gsi des the above-descrjiﬁ%gd

process, i tpdipmePesdcdd HRApSpFPRILY, PelydhisiieRRNHiloPfa EoRPRiteNthateryIrer
and dryingit, and then conducting an electrofytlc pol ymeri zation; or, by

i npregnat i n@nithindhg M FBAdAARAEE d}b‘dlgfﬂreotﬁé@dﬂiaﬁ? hBgabr 43CeMRRMing thedeO
gener at e manganese di oxi de, and then conducting an electrolytic

pol yner szatB&dided fher tdhRveaRlselibb&hpfode8s P! sty BO foraiddiye A;ggyfrfg g ng a

solid electrolytic layer is form ng nanganese di oxi de by heat composi ng

nmanganese miispahsionTbf!2ondhting QsHlgineyi Ad aNgihndat, ball aid icb¥dGéin®ean
i mproved by selecting an appropriate process that provides an intense

layer at arelegirb§®idl pblyntderiggson; e thy am i‘@%ﬂﬁ&n Qf withMnAsganbiy augatdol e
el ectrode 7 in the tﬂrgugh 15 hol e X ag shown %n FIG 7, igg descri bed.

The t hr oughard!thehs hbat-lecbripdding itCendstaidrate anARsA NS eS dRstiadCandueher®s Ag
paste, Cu paste, etc. containing conductive particles; and then it is

cured to fajomdubtinghamelietidytc pobphenidation. Anflirthenestablishb@abelindloyer 8
Is formed on the solid electrolytic layer 6, as shown in FIG 8. The

col | ectlor |aedlable fer forhiing Hygolididlectolytispanst ¢ forimid@ manganepadidxides
and a conducting adhesive material containing a silver past
by heat-decomposing manganese nitrate. Thus, the productivity and the
reliability can be improved by selecting an appropriate process that provides
an intense layer at an optional thickness.
Next, a process for forming a through hole electrode 7 in the through
15  hole 4, as shown in FIG. 7, is described. The through hole is filled with a
conducting adhesive substance such as Ag paste, Cu paste, etc. containing
conductive particles; and then it is cured to form the through hole electrode 7.
And then, a collector layer 8 is formed on the solid electrolytic layer 6, as
shown in FIG. 8. The collector layer 8 is formed by using a suspension of
20 carbon particles and a conducting adhesive material containing a silver past
as the main ingredient, into a laminate structure of a carbon layer and a silver
paste layer. The structure efficiently makes the electrical charges available.
Then, as shown in FIG. 9, the insulation layer 5 formed on the other surface of
aluminum foil 3 is provided with an opening 9 at a certain specific location, by
25 means of YAG laser or other process such as grinding. Besides the above
method, the opening 9 can be formed also by other process; namely, providing

a resist portion on the aluminum foil 3 before formation of insulation layer 5



as the main ingredient, into a lamnate structure of a carbon |ayer and a
silver paste layer. The structure efficiently makes the el ectrical charges
avai l able. Then, as shown in FIG 9, the insulation |layer 5 fornmed on the
ot her surface of alumnumfoil 3 is pro?ided with an opening 9 at a
certain specific location, by 25 nmeans of YAG | aser or other process such
as grinding. Besides the above nethod, the opening 9 can be fornmed al so by
ot her process; nanely, providing a resist portion on the alumnumfoil 3

before formtd esrtain spsdifistylece batde xﬁnﬁ?aﬁou% aafha, inadPREhiihe Deataton t he

non- porous surface, and formng a collector |ayer 8 and an insulation

layer 5, andyéheB #gdumi RfsilBgionehiyet HOAhd When Fé¥ABving €RRESHt Portiehm nal
10 is forned on the surface exposed through the opening 9 of insulation

layer 5, asTidiVncdrhdetion thfPmiHgl 1 id fe@neliehithe surfsteesipsted YRS aIf the OF

by an electroplating or electroless plating. The capacitor element 1 is

covered w tdpeRin@@O¥Y iheelaticaldsageslis sfowmAWNFIG. 16| @sidd.a tehductive
protecting it fromhumdity and stress from outside and ensuring good

el ectrigal ddiedhval isaBstuite] NG BS hﬁgelela&'og@iﬂiﬂ@i &1 te¥ectddlesPaakeag. 11The
provided with a first external termnal 12, which is electrically connected

with 10 theaphuitbnelerheént 13s caReradl #6088 GUxS fRin packhgalll1ds shbiwehin s
electrically connected with the collector |layer 8, to conplete a finished

capaci tor eFKWElT, fdr prdtectingiofent homidbiyvend eaess Boh sutside wnd dnmgingns
as it is as an SEC of the present invention. However, it is preferred to

further pragsodeelébtricadriastlationd A Sintde¥ing the aebiabilityon Ther padkiige101 and
the through hole electrode 7, in order to raise the reliability in

el ectrical promnived with afirét extereal teomingl 12, whichds eldctritalliyeonndcted with
el ectroni c conponent, and to inprove the electrical performance. The SECs
manuf adQur ehei aluataoanddeit 8, wndha sbeombexteraal tornbidd] 13, which is electrically
connected with the collector layer 8, to complete a finished capacitor element
1.
The component of above-described structure functions as it is as an
SEC of the present invention. However, it is preferred to further provide
15 connection bumps 14 on the connection terminal 10 and the through hole
electrode 7, in order to raise the reliability in electrical connection with a
semiconductor component or the like electronic component, and to improve
the electrical performance.
The SECs manufactured in accordance with the above-described
20 manufacturing process have the connection terminals 10 and the connection
bumps 14 disposed respectively on a same plane. Thus the present invention
offers a method for manufacturing SECs that can be connected direct with
semiconductor components, and superior in the high frequency characteristic.
(Embodiment 2)
25 FIG. 13 and FIG. 14 are the drawings used to describe the main
process steps of manufacturing an SEC in accordance with a second

exemplary embodiment of the present invention.



20 manuf acturing process have the connection termnals 10 and the
connection bunps 14 disposed respectively on a sane plane. Thus the
present invention offers a nmethod for manufacturing SECs that can be
connected direct with sem conductor conmgonent s, and superior in the high
frequency characteristic. (Enmbodinent 2)° 25 FIG 13 and FIG 14 are the
drawi ngs used to describe the main process steps of manufacturing an SEC
in accordance with a second exenplary enbodi ment of the present invention.
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and a dielectric layer 2 1s e porous portion.

through holgq 4 diSlebR4dR e 2 fs"i@mﬁlekl@nnﬁf@ 1561‘051 §>0§E1oﬁ CRhAHRnS B%M&!@h

| ocation, and an 1insulation layer 5 is provi to cover the ot

surface, ViggleOfY Mﬁwasm the Ul AGRIMAbi1aS UPTNEEPA R épe%lﬁ@%cfal%n' %ﬁrama' |

surface of through hole 4. So far, the procedure renmains the sane as I n the
enbodi ment 1%sul‘ﬁ¥6n la%féle b&i‘d@ﬂ 153 %Q{Iéld tRb ethep! stirkscel B%LT nBnYPbrbis

dielectric layer 2 hrough hol'e has a di ameter 80mor larger the

sol i d elsect gy@fyde, Gf bﬁﬁﬁinlﬁncf@ﬂ@and @héﬂﬂﬁbf@ﬁll%ﬁ%ce%f%?&&gh UbFe 4.
non- porous surface, of aluminumfoil 3. I'n order to prevent this to

happen, a photo ssmﬁdrttweepf&éaﬂré fexﬁQﬁis't‘h@ e A8 B ERPBdRhenBY! RlekON
| ayer 5, as shown in FIG 13, by using either of the nethods anbng an

| mrer si on nWhBﬁCbro@uﬁﬁgna %‘P&l‘ @Ecﬁ‘b%%?ay?éidG%ﬁQBG%ele%ﬁ@tlhﬁ& petih@de The
photo sensitive resin Is cured to forma resist film15. Instead, an

adhesi ve Orﬂﬁﬁh%hfﬂdléThHﬁh dianit1ef 80 RMm &hl%rg@‘lsﬂ?é scflid aleéém gti@la'y@r%hioﬁl& ase,
a filmis attached on the surface of insulation |ayer hen t he

filmis proferiesh thé btlteriréadf vﬁﬁ&bﬁ%br%ﬁg%hi'fa%edbm&%hﬂﬂ@n #il 8. | ocation
corresponding to the through hole 4, as shown in FIG 14, by neans of a

]phf)t 0 Almr ocessi ndroérdar me@h@m:@&lhlmhaﬁpm a ﬂh@tofsehmth‘se 30t idgppliel 6eSi st
o the surface of insulation layer 5, as shown in FIG. 13, by using either of the
methods among an immersion method, a spin coating process and a screen
printing method. The photo sensitive resin is cured to form a resist film 15.
Instead, an adhesive organic film may be used for the resist film 15.
15 In this case, a film is attached on the surface of insulation layer 5. And then,
the film is provided with a hole of certain specific dimensions at a location
corresponding to the through hole 4, as shown in FIG. 14, by means of a photo
processing or a mechanical machining. The film is used as the resist film. A
solid electrolytic layer 6 and a through hole electrode 7 are provided in the
20 same way as in the embodiment 1, and then the resist film 15 is removed.
Thus, no solid electrolytic layer 6 is formed on the other surface, viz. non-
porous surface, of aluminum foil 3, and the positive electrode and the negative
electrode are surely separated. Thereafter, in the same way as in the
embodiment 1, a collector layer 8 is formed on the solid electrolytic layer 6, an
25 opening 9 is formed in the insulation layer 5 disposed on the other surface of

aluminum foil 3 at a certain specific location, and a connection terminal 10 is

provided at the opening 9 of insulation layer 5 and on the exposed surface of



solid electrolytic layer 6 and a through hole electrode 7 are provided in
the 20 sane way as in the enbodinent 1, and then the resist film1l5 is
renoved. Thus, no solid electrolytic layer 6 is formed on the other
surface, viz. non- porous surface, of alym numfoil 3, and the positive

el ectrode and the negative electrode are surely separated. Thereafter, in
the sanme way as in the enbodinent 1, a collector layer 8 is fornmed on the
solid electrolytic layer 6, an 25 opening 9 is formed in the insulation

layer 5 di $pesesh Ablé NBetirb@E B Wekps&iwily. aTH{Ib N hoSE B nidn@acfired! th
specific location, and a connection termnal 10 is provided at the opening

9 of insul %b@f&drf&lé%nﬁ ﬁ@nf&hdfﬁ@ct&hl%%?&h@ﬂrcf% Plesélt LMIUGMAR! L a

el ectrode 7, respectively. Thus in an SEC manufactured in accordance with

the manuf agigasible spreR@fhgioft tige RYoBideRlecRrilIPHE "RiYer 2ontd tROSSHENiASDr adi ng
of the solid electrolytic layer onto the opening™9 of alumnumfoil 3 is

avoi ded, siglgtihlith EREYiNEvdided OiBE tRd opehidlgdk f6iREd aBBdatdiestep PA%d thy e
el ectrode and the negative el ectrode are certainl y separated to each

ot her. GEMiaditivdkledtrdde@nd thandghtive elbctzbde bhe caFtaMMIFisepasatbd fb dggeri be

the main process steps of manufacturing an SEC in accordance with a third
exenpl ary gtBegnbodi nent of the present invention. One of the surfaces of
an alumnumfoil 3 is etched for making it porous, and a dielectric |ayer
21s forrred(E&thmmlt@)s portion. And then, a through hole 4 is fornmed in
alumnumfoil 3 at a certain specific |ocation, and an insulation |ayer 5

is provided to cvi}. 1heartd MRIG. S16 faeethy idtawings RREAUS ddSorsby tRE ematd
alumnumfoil 3 and the inner wall surface of through hole 4. So far, the

procedure rp’lﬁﬁ@és&?stb?@ of afen @ ctutrih® aneSB dnnaiebrdanddexith a m@a d@:@ﬁmldrylg a
solid electrolytic layer 6 on the dielectric layer 2, if the
10 embodiment of the present invention.

One of the surfaces of an aluminum foil 3 is etched for making it
porous, and a dielectric layer 2 is formed on the porous portion. And then, a
through hole 4 is formed in aluminum foil 3 at a certain specific location, and
an insulation layer 5 is provided to cover the other surface, viz. non-porous

15 surface, of aluminum foil 3 and the inner wall surface of through hole 4.

So far, the procedure remains the same as in the embodiment 1. Next,
when providing a solid electrolytic layer 6 on the dielectric layer 2, if the
through hole has a diameter 80um or larger the solid electrolytic layer 6 could
form on the other surface, viz. non-porous surface, of aluminum foil 3.

20 In order to prevent this to happen, a through hole electrode 7 is first
formed in the through hole 4, as shown in FIG. 15.

The through hole electrode 7 is formed by filling a conductive adhesive
substance such as Ag paste or Cu paste containing conductive particles, and
curing it. And then, a solid electrolytic layer 6 is formed on the dielectric

25 layer 2, as shown in FIG. 16. Therefore, no solid electrolytic layer 6 can be

formed on the other surface, viz. non-porous surface, of aluminum foil 3. And

then, a collector layer 8 is formed on the solid electrolytic layer 6 in the same



t hrough hole has a dianeter 80mor larger the solid electrolytic |ayer 6
could formon the other surface, viz. non-porous surface, of alum num foi
3. 20 In order to prevent this to happen, a,through hole electrode 7 is
first fornmed in the through hole 4, as i?omn in FIG 15. The through hole
electrode 7 is forned by filling a conductive adhesive substance such as
Ag paste or Cu paste containing conductive particles, and curing it. And
then, a solid electrolytic layer 6 is forned on the dielectric 25 | ayer 2,

as shown | Rydy @s ikOthel BRIRUAMENE N0 o3 bl SafihEd ¥4 Ksrnh &Y §h tﬁeQ%@up(ﬁlon 3

formed on the other surface, viz. non-porous surface, of alumnumfoil

And then, 1ay&05lc664:19hg tBY 8hrface %fﬁahﬁﬁﬁuarfoﬂ@aﬁ@lcé&aﬁh gﬁécrlﬁbyéda%dr@wr
in the sane 11 way as In the enbodinent 1, and an opening 9 is forned

the i nsul atrh@ins bAYRG lisepv)@rth@qlktef}ﬁoéé%sf a%&épé}hfl@m B@fdrn?e@fns%ead
certain specific location by neans of YAG | aser, or the |like process. The

openi ng 9 qgn fievidhped wsiéte rtidh BefreHhnd 8 nra&éSﬁorpgbiadw shgfReeppnd
on the non-porous surface of alum num foil 3 using photo sensitive resin

or the ki ke loBliglkd!foldr 3 Asih® pRAtbNBEdRAvOTreblif o NEHY HlkbOthdtaMal Kﬁmxa&si
removing the resist portion after collector layer 8 is forned. d t hen,

connect i on fhematioal ofl Ghé Snﬁﬁ&\ti(ﬂﬁqja%fé} 5! BedexynserhgSthid 268isttpdrtignoRf8: N 9
and on the through hol e el ectrode 7, respectlvely Thus in an SEC

nmanuf act ur edllebtorqapér8rs fomhbd. t Aadlhemposhaedtitn frmihnad i8fprobRlcAr &sent
enbodi ment 2, a possible spreadi ng of the solid el ectrolytic layer onto

the openi nghQ &lpozb@nduidueef at lthe dp%n@ﬂ@lgiaﬁd o1$ ithe &thirbegR e e dtsodOr7TEd
at a later step, and the positive electrode and the negative el ect rode are

certainly sepps@ivdyt o Faaed i hei . SEEThadnewtufdd 1in Fdeordahcandvibh Gthd 8
are the draw ngs used to describe the main process steps of manufacturing
an SEC10n anaauftotating mbtleod ofithd pexseim| @nlodiment 2, a possible spreading of
the solid electrolytic layer onto the opening 9 of aluminum foil 3 is avoided,
since the opening is formed at a later step, and the positive electrode and the
negative electrode are certainly separated to each other.
(Embodiment 4)

15 FIG. 17 and FIG. 18 are the drawings used to describe the main
process steps of manufacturing an SEC in accordance with a fourth exemplary
embodiment of the present invention.

One of the surfaces of an aluminum foil 3 is etched for making it porous,
and a dielectric layer 2 is formed on the porous portion. And then, a first

20  through hole 4 is formed in the aluminum foil 3 at a certain specific location.
So far the procedure remains the same as in the embodiment 1. Next, an
insulation layer 5 is formed to cover the other surface, viz. non-porous surface,
of aluminum foil 3 and the inner wall surface of through hole 4. And then, a
solid electrolytic layer 6 is provided on the dielectric layer 2. If the through

25  hole has a diameter 80um or larger, the solid electrolytic layer 6 could form on
the other surface, viz. non-porous surface, of aluminum foil 3.

In order to prevent this to happen, an insulation layer 5 is formed on



enbodi mrent of the present invention. One of the surfaces of an al um num
foil 3 is etched for making it porous, and a dielectric layer 2 is forned
on the porous portion. And then, a first 20 through hole 4 is formed in
the alumnumfoil 3 at a certain specifif | ocation. So far the procedure
remains the sane as in the enbodi nent 1. %bxt, an insulation layer 5 is
formed to cover the other surface, viz. non-porous surface, of alum num
foil 3 and the inner wall surface of through hole 4. And then, a solid

el ectrol ytithel dyIedr Quirfack! Mz dednPorbls Shahest bf GlusBhn?: folll 3t hend MpuUgh
25 hol e has a dianeter 80mor larger, the solid electrolytic |layer 6 could

formon thﬁsﬁld’t%%ﬁyﬁ‘i&?% iMbidle tHARLHRNSuUSHHORC 6n tRE fB5YPlA¥Md Hdwrs: | N
order to prevent this to happen, an insulation layer 5 is formed on 12 the

ot her surf ageFI@ 2.7, NOrhP haHatidH! 38 5 96 BHHEH WM ACidand AR a8Min the
insul ating portion 16 inside the first through hole, 1n the first place as

shown in Rshodimenthe1! NSUTAEI OfhsliBtPhg S PottibA MR8l icAnt NBe SFBvIRY aBy | N
the enbodinment 1. The insulating portion 16 can be provided by 5

el ect r ogepasibéirferiititRAs ol Bady-bd-filNsithahting re8il forl S&ver8Y elrAbs tb THE the
fill the through hole, or screen-printing or potting an insulating resin.

And then, aghrotBRWMbé, bridcteen BrindiEdbs goﬁhghhqhyamidgamﬁnﬁ Andft@efieds on
the dielectric ayer. And, as shown in FI 19, a second through hole 17

is formed idiovelein G, 1854l silﬂiidﬂéle@ﬁblﬁtimlaé'ér 6B EBrheg cPEheedRIQEFdULPSY. ar e
followed, no solid 10 electrolytic |ayer can be forned on the other

surface, viZndhas-dHwSnSPIGAagsy, a @éco@uumﬁaughf Rble $7 i&frildNinside the
same way as in the enbodinent 1, a through hole electrode 7 is forned in

the second jnRutuite Prioh716.2 Whdregherabaxeprdétedared araefdllowetneosgblid
el ectrolytic layer 6, and then the insulation layer 5 15 di sposed on the
al um nud f adlectrolydidlagui dednWet formedepettie@hlr stirfacé,8fik ahdh-porous surface,
of aluminum foil 3.
And then, in the same way as in the embodiment 1, a through hole
electrode 7 is formed in the second through hole 17, a collector layer 8 is
formed on the solid electrolytic layer 6, and then the insulation layer 5
15 disposed on the aluminum foil 3 is provided with an opening 9 at a certain
specific place, and a connection terminal 10 is provided at the opening 9 of
insulation layer 5 and on the exposed surface of through hole electrode 7.
Thus in the method of manufacturing SEC in accordance with the
present embodiment 4, the reliability in insulation between the through hole
20 electrode 7 and the aluminum foil 3 is improved, and a possible spreading of
solid electrolytic material onto the aluminum foil 3 at the opening 9 is

prevented, to a sure separation between the positive electrode and the

negative electrode.

25 INDUSTRIAL APPLICABILITY

In the method for manufacturing SECs in accordance with the present

invention, the connection terminals provided at the opening of insulation



specific place, and a connection termnal 10 is provided at the opening 9
of insulation layer 5 and on the exposed surface of through hole el ectrode
7. Thus in the method of manufacturing SEC in accordance with the present
enbodi nent 4, the reliability in insulatjgon between the through hole 20
electrode 7 and the alumnumfoil 3 1is ixgroved, and a possi bl e spreadi ng
of solid electrolytic material onto the alumnumfoil 3 at the opening 9 is
prevented, to a sure separation between the positive electrode and the

negative eligotf 9o orf Thé NRYGIR éﬁrfﬁ‘gﬁ o AR ¥oldefelfrodB! p&%etﬁﬁgely, are

manuf acturing SECs i n accordance wth the present 1nvention,

connection dighMdacba é’rsﬂYg'lgeﬂaﬁhléﬁH? PR %ee Ci)‘rebél?@h?éth@)? of3maRNictapd on

t he exposed surface of through hole electr , respectively, are disposed

on a singl &{]Aks Rb aREnuEWard Qﬁtl?re%%_@”ﬁhe”ﬂrggdca?)faﬁffﬁﬂﬂé %%@é fhatnahl g8 to
manuf acture wth ease the |l arge capacitance SECs that can be connected
direct wit l 1 Xo) i i i ; :
frequency chaacrar ey i RIRRHacER Lo AeEEs ApAARTLR 5 ufgrior high
manuf actsur i fagq shdyc1irabldrRiid | ¢ capacitor conprising the steps of ;
formng a porous portion on one of the surfaces of an alumnumfoil, 5
formng a dielectric |layer on said porous portion, formng a through hol e
in said alumnumfoil at a certain specific |location, formng an
insulation |layer on said alumnumfoil to cover both the other surface
that is opposite to the one having said porous portion and the



10 inner wall surface of said through hole, formng a solid electrolytic

| ayer on said dielectric layer, formng a through hole electrode in said
through hole, formng a collector |layer on said solid electrolytic |ayer,
form ng an opening at a certain specificlglace of said insulation |layer 15
di sposed on said alumnumfoil, and providing a connection termnal at said
openi ng and on exposed surface of said through hol e el ectrode,
respectively. 2. A method for manufacturing solid electrolytic capacitor
conpri si ng Whet isktBRsedfis:: 20 form ng a porous portion on one of the
surfaces of an alumnumfoil, formng a dielectric |layer on said porous

portion, forn N gdtRbQYSP nldheracturial @oﬁg%&i‘&‘yﬁ@idapﬁlﬁt@r eShpsinSRRS! fiC

| ocation, formng a resist portion on sald alumhumfoil at a Certaln
specific 2&epgeption, formng an insulation layer on said alumnumfoil to
cover both the other surface that is opposite to the one having said

porous portion an@rinig ADdrBlspo¥@bh ofiWrledstahefsuttids b haugliniAls fJipr M ng
a solid electrolytic layer on said dielectric layer, formng a through

hol e el gctrode i nfosaiidly bIigle@trid Phyeor orf SHiligddods pOEtiGEt Or | ayer on said
solid electrolytic layer, 5 formng an opening ih said alunminumfoil at a

certain specific fopmdh A thFyudle Hold'Gn SHid A182AiRunPIoil! PN aOkdrtam dpecific
provi ding a connection term nal at said opening of said insulation [ayer

and on expopesgtisyy face of said through hole el ectrode, respectively.

forming an insulation layer on said aluminum foil to cover both the
other surface that is opposite to the one having said porous portion and the
10 inner wall surface of said through hole,
forming a solid electrolytic layer on said dielectric layer,
forming a through hole electrode in said through hole,
forming a collector layer on said solid electrolytic layer,
forming an opening at a certain specific place of said insulation layer
15  disposed on said aluminum foil, and
providing a connection terminal at said opening and on exposed
surface of said through hole electrode, respectively.
2. A method for manufacturing solid electrolytic capacitor comprising the
steps of ;
20 forming a porous portion on one of the surfaces of an aluminum foil,
forming a dielectric layer on said porous portion,
forming a through hole in said aluminum foil at a certain specific
location,
forming a resist portion on said aluminum foil at a certain specific
25  location,
forming an insulation layer on said aluminum foil to cover both the

other surface that is opposite to the one having said porous portion and the



3. A nmethod for manufacturing solid electrolytic capacitor conprising the
10 steps of ; formng a porous portion on one of the surfaces of an
alumnumfoil, formng a dielectric layer on said porous portion, formng
a through hole in said alumnumfoil at certain specific location, 15
formng an insulation |ayer on said alumhumfoil to cover both the other
surface that is opposite to the one having said porous portion and the

i nner wall surface of said through hole, formng a resist filmcovering the

entire surfiae@r Kfalbshdtabd SELAU tPPoh Sl Bble, 20 formng a solid electrolytic
| ayer on said dielectric layer, formng a through hole electrode in said

through hole,  peBlinfige 8abtld'd8itablyticllaveY bn ShAT Helbtficagydiect or | ayer on

said solid electrolytic layer, forimng an opening in said alumi numfoil at

a certain specififgrh@e@hithfoud? hBelREQRYHEINYaR] AARUBRINAS term nal at said
opening of said insulation Ilayer and on exposed surtace of said through

hol e el ectrode, r@spess: h\@INetotGafer AoNRANPELIPEIRRMECIYekNg SOl i d

el ectrolytic capacitor conprising the steps of ; formng~a porous portion

on one ¢f the surfAGeSs ah dPRndhs i BHY ARIninunh $%iThed Rridif! §ebiflcobatlen ON
said porous portion, 5 formng a through hole in said alumnumfoil at a

certai n spegy peéling 8&idAl deBilt PoRtidh L, dnfdesi st portion on said al um num foil
at a certain specific
providing a connection terminal at said opening of said insulation
layer and on exposed surface of said through hole electrode, respectively.
3. A method for manufacturing solid electrolytic capacitor comprising the
10 stepsof;
forming a porous portion on one of the surfaces of an aluminum foil,
forming a dielectric layer on said porous portion,
forming a through hole in said aluminum foil at a certain speciﬁé
location,
15 forming an insulation layer on said aluminum foil to cover both the
other surface that is opposite to the one having said porous portion and the

inner wall surface of said through hole,

forming a resist film covering the entire surface of said insulation

layer,
20 forming a solid electrolytic layer on said dielectric layer,
forming a through hole electrode in said through hole,
peeling said resist film off,
forming a collector layer on said solid electrolytic layer,
forming an opening in said aluminum foil at a certain specific location,
25 and

providing a connection terminal at said opening of said insulation

layer and on exposed surface of said through hole electrode, respectively.



| ocation, formng an insulation |layer on said alumnumfoil to cover both
the 10 other surface that is opposite to the one having said porous
portion and the inner wall surface of said through hole, formng a resist
filmcovering the entire surface of said;insulation |ayer, formng a solid
el ectrolytic layer on said dielectric layer, 15 formng a through hol e

el ectrode in said through hole, peeling said resist filmoff, formng a
collector layer on said solid electrolytic layer, formng an opening in

sai d al uni nunp f Q ncdhod f6£ htAidracRAehS 561id %@@étfaptic%paa%f e&ngﬂsﬁlé gr?‘é st

portion off, and 20 providing a connection termhal at said opening sai d
i nsul ation gthpysf; and on exposed surface of said through hole electrode,
respectively. 5. A nmethod for manufacturing solid electrolytic capacitor

conprising the %ﬁﬁﬁl%ﬁ porb8$ Pbitor oR ¥nBWT tRe'suirRike0Bf AR 8Mihlm fHI,f aces
of an alum numfoil, 5formng a dielectric |ayer on said porous portion,

form ng a throughohahey hisRcei@ldiidk dadi@iporéis pokedd,al n specific
| ocation, 17 form ng an insulation layer on said alumnumfoil to cover

both thg other Syfhace d BBfough BBROSH tRid AlhBAnARE (HRVANE SAtHAnPSpQYfic
portion and the inner wall surface of said through hole, formng a through

hol e el ect rigggtibm sai d through hole, 5 formng a solid electrolytic |ayer
on said dielectric layer, formng a collector |ayer on said solid

electrolytic | ayegbrming a resist portion on said aluminum foil at a certain specific
location,
forming an insulation layer on said aluminum foil to cover both the
10  other surface that is opposite to the one having said porous portion and the
inner wall surface of said through hole,
forming a resist film covering the entire surface of said insulation
layer,
forming a solid electrolytic layer on said dielectric layer,
15 forming a through hole electrode in said through hole,
peeling said resist film off,
forming a collector layer on said solid electrolytic layer,
forming an opening in said aluminum foil at a certain specific location
by peeling said resist portion off, and
20 providing a connection terminal at said opening of said insulation
layer and on exposed sﬁrface of said through hole electrode, respectively.
5. A method for manufacturing solid electrolytic capacitor comprising the
steps of ;
forming a porous portion on one of the surfaces of an aluminum foil,
25 forming a dielectric layer on said porous portion,
forming a through hole in said aluminum foil at a certain specific

location,



formng an opening in said alumnumfoil at a certain specific |ocation,
and providing a connection termnal at said opening of said insulation 10
| ayer and on exposed surface of said through hole el ectrode, respectively.
6. A nethod for manufacturing solid el ec{sxolytic capacitor conprising the
steps of ; formng a porous portion on one of the surfaces of an al um num
foil, formng a dielectric |layer on said porous portion, 15 formng a
first through hole in said aluminumfoil at a certain specific |ocation,

formng an insul afbmmng%t h%l@ﬁoﬁqh labﬂraa@&lrmﬁﬁhhuhpfdapwrcowﬁbeﬁmhe
surface that is oppositie to the one having said porous portion and

| nside of - abledl shirfute thiAt AYDPpBAIE toAfel SHUThAGiK SO SbiBUS oty fh?d Lcﬁgt on

on said dielectric layer, formng a second through hole in sal | NSu

portion, flqlrn@.%lpsam@ygpsﬁglﬁlrghgﬁqﬂbwe in said second through hol e,
forming a collector layer on said solid électrolytic |ayer, formng an

opening in said ifopmiRé aQhrbayEholt slReG8He 9A shfl throtzhaldlgl num foil at a
certain specific location, and providing a connection terminal at said

openi ng sof said Ifaﬁﬂﬂlﬁgla%hdlam&o@rﬂﬁ 1a9e LSRRI Rt R Qapér, Sai d through
hol e el ectrode, respectively. 18 7. The nethod for manufacturing solid

el ectrol ytic capaferin®hg at@lleesbrilayec! 8hBail 861id bRicBRoAytivigfesi N sai d resi st
filmis formed of either a photo sensitive resin or an adhesive organic

1; i mt 3 8n The mefol@ing ah opRmin@ et Haidwludsinugh edibat aneyﬁahﬁ spéafelé@tion,
ecited i .
providing a connection terminal at said opening of said insulation
10 layer and on exposed surface of said through hole electrode, respectively.
6. A method for manufacturing solid electrolytic capacitor comprising the
steps of ;
forming a porous portion on one of the surfaces of an aluminum foil,
forming a dielectric layer on said porous portion,
15 forming a first through hole in said aluminum foil at a certain specific
location,
forming an insulation portion on said aluminum foil to cover the other
surface that is opposite to the one having said porous portion and the inside of
said first through hole,
20 forming a solid electrolytic layer on said dielectric layer,
forming a second through hole in said insulation portion,
forming a through hole electrode in said second through hole,
forming a collector layer on said solid electrolytic layer,
forming an opening in said insulation layer disposed on said
25  aluminum foil at a certain specific location, and
providing a connection terminal at said opening of said insulation

layer and on exposed surface of said through hole electrode, respectively.



claim3 or claim4, wherein said resist filmis fornmed by using one of the
nmet hods anong an i mrersing nethod, a spin coating process, a screen
printing nethod and a filmattaching nethod. 10 9. The nethod for

manuf acturing solid electrolytic capacit?é recited in one of clains 1
through 6, wherein said through hole is Tormed by a process where a
photo-resist is applied on both of the surfaces, and it is wet-etched
after the resists are patterned. 15 10. The met hod f or manuf act uri ng solid

el ectrol yti c 7capgg h@éthbaCfotreﬂmﬂnmlfmrmg] s6hia asct%oryfﬂfcoegﬁh&tor%@dn igai d
through hole is forned by using one of the nethods anong ‘a [ aser beam

machi ni ng, @QaidhBcdY dl8idef, Mltbreph drilling method and an electric discharge
machi ning. 20 11. The net hod for manufacturing solid electrolytic capaci t or

recited in one ofaigl@isi filhhiO¥GM&d oFhERRBER aﬁi%téﬂé@hﬁﬁwé Gebi®Y BF AF
provi ded after edge of said through hole is chanfered The net hod for

manuf act ur i §fhesdyd Grgdin@€ filial ytic capacitor recited in one 25 of clains 1
through 6, wherein said insulation layer is fornmed by el ectrodeposition.

13. Thepmet hgd fiie MisthodCiodr adhuTRdtdir®) @616 Cdl¥étrElytRParbA@ or" B&ditedd ih N
one 19 of clainms 1 through 6, wherein said insulation |layer is consisting

of a first dlajger3 &f claimif)sslladeing resin and a second | ayer of an
insulating resin forned by mxing a mcro gel, carbon particles and
titani um oxi de pajalid clegfst RlecCisr ftaRSbyetsing one of the methods among an
immersing method, a spin coating process, a screen printing method and a
film attaching method.
10 9. The method for manufacturing solid electrolytic capacitor recited in one
of claims 1 through 6, wherein
said through hole is formed by a process where a photo-resist is
applied on both of the surfaces, and it is wet-etched after the resists are
patterned.
15 10. The method for manufacturing solid electrolytic capacitor recited in one
of claims 1 through 6, wherein
said through hole is formed by using one of the methods among a laser
beam machining, a punching method, a drilling method and an electric
discharge machining,
20 11. The method for manufacturing solid electrolytic capacitor recited in one
of claims 1 through 6, wherein
said dielectric layer is provided after edge of said through hole is
chamfered.
12. The method for manufacturing solid electrolytic capacitor recited in one
25 of claims 1 through 6, wherein
said insulation layer is formed by electrodeposition.

13. The method for manufacturing solid electrolytic capacitor recited in one



5 14. The nethod for manufacturing solid electrolytic capacitor recited in
one of clainms 1 through 6, wherein said through hole electrode is forned
by first filling said through hole wth a conducting adhesive substance
and then curing it. 15. The method for nY?ufacturing solid electrolytic
capacitor recited in one 10 of clains hrough 6, wherein said opening is
formed by using either a | aser beam machining or a grinding nethod. 16.

The nethod for manufacturing solid electrolytic capacitor recited in claim

5 or 6, whejfellaimd$13BrSugPBNMWRErdin fOrmed by the process in which a resi st
portion is provided on non-porous surface of said alumnumfoil prior to

formation of salguanﬁsulahbarla&@mrcmﬁmlﬁglspa ﬁ%td1ary%§b§5nqﬁéala@{h fedpie! ed
off after said collector layer is fornmed. 17. The et hod manuf act uri ng

solid el ectgmd )its'eﬁoﬁ@%@rtdf%lnrﬁ%hlﬁﬁig Pes‘iﬂfforxﬁgd 8l fl:3hpB r]nctrla (ﬁ%@l‘%rﬁon

wherein said connection termnal is formed wth a” conducting adhesi ve

subst ance. ﬁ@ru&é\@aﬂ@maﬁﬂrﬁroxﬁ@@ﬂaﬁ@éluéIélgc@@a fobsﬁleactrol ytic capacitor
recited in one of clains 1 through 6, wherein 25 said connection term nal

is formsd bylan PheaidtRod #d MAnUTadtri &Hd SlebGdLRIAEd M itot Fecild® i BhOOd
for manufacturing solid electrolytic capacitor recited’in one 20 of clains

1 through 6&of cMiheillthedugh 8oWwhdreinectrol ytic layer is formed of a conposite
material containing at east one anong a it el ectron conjugated pol ynmer
and a said through hole electrode is formed by first filling said through hole
with a conducting adhesive substance and then curing it.
15. The method for manufacturing solid electrolytic capacitor recited in one
10 of claims 1 through 6, wherein
said opening is formed by using either a laser beam machining or a
grinding method.
16. The method for manufacturing solid electrolytic capacitor recited in
claim 5 or 6, wherein
15 said opening is formed by the process in which a resist portion is
provided on non-porous surface of said aluminum foil prior to formation of
said insulation layer, and then said resist portion is peeled off after said
collector layer 1is formed.
17. The method for manufacturing solid electrolytic capacitor recited in one
20 ofclaims 1 through 6, wherein
said connection terminal is formed with a conducting adhesive
substance.
18. The method for manufacturing solid electrolytic capacitor recited in one
of claims 1 through 6, wherein
25 said connection terminal is formed by an electroplating or an

electroless plating.

19. The method for manufacturing solid electrolytic capacitor recited in one



conducting polynmer other than that. 5 20. The nethod for manufacturing
solid electrolytic capacitor recited in one of claims 1 through 6, wherein
said solid electrolyte is a conducting polyner fornmed by at | east one of

t he processes anong the chem cal polynerization and the electrolytic

pol yneri zation. 10 21. The nethod for menufacturing solid electrolytic
capacitor recited in one of clains 1 through 6, wherein said solid

el ectrolyte is a conducting polyner fornmed by applying a suspension of

powder ed ccg}q,qlgﬁﬁ@g tRPOVETED, whBsbidr ying it, and then electrolytically
pol ymeri zed. 15 The frethod for manufact ur i ng solid electrolytic

capaci tor reci teoballal 8a1ed  Blfechrof i 1Jayblﬂrpyqtanﬁedwafr§' Bopbdits Obiflerial
electrolyte is manganese dioxide fornmed by heat- deconposing nanganese

nitrate. 23onthmifiet Q@Oleﬁé)tr omNahdGigird NP &18dtrsn eé&ﬁhg@ée)at IfolFRBACAAP  a

recited in one 20 of clains 1 through 6, wherein said solid electrolyte IS

a conducti r}g,nggbﬁﬁgrp(ﬂ%@@tm alArthal ytic polynerization after nanganese
di oxi de i s obtaine heat - deconposi ti on of rmanganese nitrate. 24. The

met hod f5or MEANUIEEE HietREd $6 mdneifa&iRlgyddlid SRPABIYRS cd;fh%iﬁo?‘i"eél'ﬂe(?ﬂ?on35 of
claims 1 through 6, wherein said collector layer is forned wth a carbon
particle susmesimh®n thiugh 6CRMdE&HI Ng adhesi ve subst ance.
said solid electrolyte is a conducting polymer formed by at least one of
the processes among the chemical polymerization and the -electrolytic
polymerization.
10 21. The method for manufacturing solid electrolytic capacitor recited in one
of claims 1 through 6, wherein
said solid electrolyte is a conducting polymer formed by applying a
suspension of powdered conducting polymer, and drying it, and then
electrolytically polymerized.
15 22. The method for manufacturing solid electrolytic capacitor recited in one
of claims 1 through 6, wherein
said solid electrolyte is manganese dioxide formed by heat-
decomposing manganese nitrate.
23. The method for manufacturing solid electrolytic capacitor recited in one
20 ofclaims 1 through 6, wherein
said solid electrolyte is a conducting polymer formed by electrolytic
polymerization after manganese dioxide is obtained by heat-decomposition of
manganese nitrate.
24. The method for manufacturing solid electrolytic capacitor recited in one
25  of claims 1 through 6, wherein
said collector layer is formed with a carbon particle suspension and a

conducting adhesive substance.



