6 Decenber 2005 1 DESCRIPTI ON METHOD FOR PRODUCI NG SOLI D ELECTROLYTI C

CAPACI TOR 5 TECHNI CAL FI ELD The present invention relates to a t for
manuf acturing solid electrolytic capacitor for use in vapﬂgﬁﬁnﬁgﬁgﬁgof
el ectroni c apparatus. 10 BACKGROUND ART In line with the recent trends of
downsi zi ng and introduction of higher fréquencies anong the electronic
apparatus, capacitors. are requested to be conpact yet to have a |arger
capaci tance, a |lower ESR (Equival ent Series Resistance) and a | ower ESL
(Equi val ent Seri es | nductance). 15 fﬁ%% tﬁf‘> hnol ogy for increasing
capacitance of a solid electrolytic ﬁﬂ@ B Er(:hereinafter referred to as
SEC), the USP 5377073 and the Japanese Patent Laid-open No. H11l-274002

di scl ose a technology of lam nating capacitor elenments in a chip-type
capaci tor. Thus 4h '%gaé iﬂﬁ [ ﬁ?ﬁﬁﬂgﬁﬂ gﬁﬁ} agi t ance,
and inproved int éﬁ@gﬁ#eg%b ‘Ugﬁsﬁ%E@ﬁJ Eﬂ#ﬁﬁg Y @ﬁgﬁ SECs on
the surface of a circuit board |ike sem conductor conponents, the SECs
need the help of external termnals for connection. This way of connection
poses a éinitation in the inprovement of ESL. In order to further reduce
the ESL, "shapes and length of termnals for electrical connection and the

W rings nee SN I ned. The present invention addresses the
THiCHMcAT, RLEEE

above probl 5 to offer a nmethod for manufacturing |arge

capaci tance SECs t..can be _connect di,rect. Wit hy sem _conduct ok .
conponents and i n%ﬁgrgﬁtse PR rgﬁ%gﬁetﬁ‘o%rmﬁ 36t manutacturing solid

electrolytic capacitor for use in various kinds of electronic apparatus.
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10 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).

16 As to the technology for increasing capacitance of a solid electrolytic
capacitor (hereinafter referred to as SEC), the USP 5377073 and the J apanese‘
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.

20 However, when mounting the co-n_ventional 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. Inorder to further reduce the ESL, shapes and
length of terminals for electrical connection and the wirings need to be

25 streamlined. The present invention addresses the above problems, and aims

to offer a method for manufacturing lérge capacitance SECs that can be

connected direct with semiconductor components and implement a superior



hi gh frequency response. DI SCLOSURE OF THE | NVENTI ON According to a first

aspect of the present invention, there is provided a net fo
manuf acturing solid electrolytic capacitor including the gﬁgeﬁgmiggrzopgr m ng

a porous portion on one of the surfacesgof an alum numfoil, formng a
dielectric layer on said porous portion, formng a through hole in said
alumnumfoil at a certain specific location, formng an insulation |ayer

on said al.um fall ver both the other surface that is opposite to
t he one ﬂglgﬂ]r%éi%n%y&%% ?JlgS%portion and the inner wall surface of said

through hole, formng a solid electrolytic layer on said dielectric |ayer,

formng a DE@HQFUJE'El(FFq*I?EtIWEWOWi d through hole, formng a collector
[ ele

| ayer on said so ctrolytic layer, formng an opening at a certain
specific | ocati . ' ' | ' ' ) foil,
and providing 6{9 %8?1‘?\%1 |Og%1ﬁk%t:égrﬁ% trclgppilzllheaégsgﬁég%%%ﬁgorgnn%l%g‘%lgs[ eoﬂ%gg]ed
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term nal s fproyi ded in the _opening of .insulation |ayer and on the_ exposed
surface offOYMI 3 PoReNE PoBieR pRsMe Hrthefurisee ol an aduminwm Pl fermingasec
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insulating layer provided on said aluminum foil, and providing a connection
terminal in said opening and on the exposed surface of said through hole
electrode, respectively. 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.
According to a second aspect of the present invention, there is
provided a method for manufacturing solid electrolytic capacitor including
the steps of forming a porous po.rtion 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 the other surface of the aluminum foil that is opposite to the one having
said porous portion at a certain specific 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 inner wall surface of said through hole,

forming a solid electrolytic layer on said dielectric layer, forming a through



formng a solid electrolytic layer on said dielectric layer, formng a

t hrough 6 Decenber 2005 2a hole electrode in said through le, ,f LNg a
collector layer on said solid electrolytic layer, form nStigﬁ%e‘BB%‘%{Oﬁg in
said insulation | ayer disposed on sai ﬂaal umnumfoil at a certain specific

| ocation by peeling said resist portio of f, and providing a connection
termnal at said opening of said insulation |ayer and on exposed surface

of said throu hol e el ectrode, respectively. According to a thjrd aspect
of the prgé‘g%gi]‘%cﬁwélﬁﬂlbﬁ?l I?Iéw&giisﬁﬁﬁmf?%wg 2 sallestar R minarsk sk ng
solid ele |« Lok 1L ncl udi : L. . o)
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at a certain specific location, formng an insulation |ayer on said
al uni num P8 landoprayidinghatdenpretion Hermanak at saich apeningopfperidt msudatiore one

form o at#edy it Bn RRbesilr e siBaif PRt bo BACGFUS reSelbll T on 1 ayer
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through hole electrode in said through hole, peeling said resist filmoff,
form ng aa methaslcfon manykactonng aolid etddtblgtie chpatiyen incluling the stepsef- an
opening in said insulation |ayer di.sposed.on said alunminumfoil at a
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hol e el ectrode, respéctively. According to a fou aspeCt of the present
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capacitor including the steps of _forming a porous portion_on one of the
surfaces &Mdapluspinymy deil toicoverslpth thy otheaisartace that ingeposie tmthe poe ous
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certain spaedibigCal ekt Blin dRefinBItiRe dntfrdl AirfAfe loR)Rlid QAsulation layer,
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
insulation layer disposed on said 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.
According to a fourth aspect of the present invention, there is provided
a method for manufacturing solid electrolytic capacitor including the steps of:
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 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 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, 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



said alumnumfoil to cover both the other surface that is opposite to the
one having said porous portion and the inner wall surfacg[s)f ll%gi d%@grough
hole, formng a resist filmcovering the entire surface g4 | ation
layer, forming a solid electrolytic Ig.\ﬁer on said dielectric |ayer,
formng a through hole electrode in s&’d through hole, peeling said resist
filmoff, formng a collector layer on said solid electrolytic |ayer,

in said 6 Decenber 2005 2b _insulation |ayer disposed on

form ng an openi ng1 é X
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respect i vepynindCesi ngstdtinl Iakkh aaﬂp@@tex?&sefdh@r%@s@maimmah'gn thold her e
is provided a nethod for manufacturing solid electrolytic capacitor
i ncl udi ngelasérosleepespettivelsr ni ng a porous portion on one of the surfaces of
an alum numfoi,, formn dielectric |layer, on said rous portian
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electrolytic layer on said dielectric layer, forming a collector layer on said
solid electrolytic layer, forming an opening in said insulation layer disposed
on said 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.
According to a sixth aspect of the present invention, there is provided
a method for manufacturing solid electrolytic capacitor including the steps of:
forming a porous portion on one of the surfaces of an aluminum foil, forming
a dielectric layer on said porous portion, 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, 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 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.



a dielectric layer on said porous portion, formng a first through hole in
said alumnumfoil at a certain specific |location, forniqﬂ%an %ngg@ tion
portion on said alumnumfoil to cover the other surfacet AEHPE gosite
to the one having said porous portion,and the inside of said first through
hole, formng a solid electrolytic Ia?gr on said dielectric layer, formng
a second through hole in said insulation portion, formng a through hole
el ectrode in said second through hole, form ng a collector |ayer on said
solid electrolytic layer, formng an opening in said insulation |ayer

di sposed @RE& HRAGERIPRIONCOR TR BRS!%?VIIQG@ specific location, and

provi ding a connection term nal at sal openi ng of said insulation |ayer
and on exposed HG flage aoperspeetitd vivig hofhol SE@Imahufideurddespaectirdahye 6
Decenber 2005 2¢ BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective
vi ew of aiWitEe finsheremplamiembodiveenidefiibe prapent mveption. exenpl ary

enbodi nent of r.esent invention. Fl LS -2 .erQss, segti.onal. view of an
SECin the 11r 50Ce oS datent St Viow oPan e 48 ¢BE 2R3 SRRIRRR Vi ew o
an SEC, show ngIGhe ey crdd@delb@bnaNmia@ifidd $levedPadi SBOL shékiag thd E%;a Cross
sectional view of aluminumfoil of an SEC, showing a 6 Decenber 2005 3

st at e aft poridorami éhe fgst embhdirhénist enbodinent. FIG 5 is a cross sectiona
vi ew of al umn fqi.l of an SEC, show n st at fter i nsul ation | ayer
wes 1 of mad coviiPng i BRGNS HERIE Vel PLEBmIHIAY of Aes kb P FOR e Bce o
through hole in the first enbodinent. 5 FIG 6 is a cross sectional view of -

alum numfoil of an SEC, showing a state after a solid electrolytic |ayer
was formed on dielectric layer in the first



enbodinment. FIG 7 is a cross sectional view of an SEC, showi ng a state
after a through hole el ectrode was forned inthethrough g%\) ggflrst
10 enbodinent. FIG 8 is a cross sectional view of an SEC ﬁrgéo state
after a collector layer was formed on solid electrolytic layer in the
first embodinment. FIG 9 is a cross sectd onal view of an SEC, showi ng a
state after an opening was forned in the insulation layer in the first
enbodi rrent 15 FIG 10 is a cross sectional view of an SEC, showing a state
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view of an SEC ,showing .a state after a solid electrolytic |ayer was
formed on tHE Eﬂ@ﬁ%‘ﬁrlc | ayer in the third 5 enbodi nent.

FIG. 7 is a cross sectional view of an SEC, showing a state after a
throﬁgh hole electrode was formed in the through hole in the first
10 embodiment.
FIG. 8 is a cfoss 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 embodiinént.
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. 18 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



FIG 17 is a cross sectional view of an SEC, showing a state after an

I nsul ation | ayer was forned on the non-porous surface of h) mbggl and
an insulation portion was provided in the through hole in®PFIWFH
exenplary enbodinment. 10 FIG 18 is a cross sectional view of an SEC,
showing a state after a solid electrol ytﬁlc | ayer was fornmed on the
dielectric layer in the fourth enbodinment. FIG 19 is a cross sectional
view of an SEC, showing a state after a through hole was forned in the
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manuf act ur e ”1) accordance with exenpl ary enbodi nents of the present .

i nventi on af8% éié'?@#bed referring to the drawi ngs. The drawings are ai med

to present the 2 oncepts, not t i bit preci di,mensi ons E od| ment
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portion,.and EEHZEhIP ough hole 4 is forrred in the alumnumfoil 3 at a
certain $pe&MHO tion An insul ation Iayer 5 is provided to cover the
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| ocati on, 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.
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BEST MODE FOR CARRYING OUT THE INVENTION

A solid electrolytic capacitor (SEC) and the method of manufacture in
accordance With' exeﬁlplary 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 8 and the inner wall surface of through hole 4,



-5 and the surface exposed by the opening 9 is provided with a connection
termnal 10. The through hole electrode refers to an el ectr,0de for g I n
the through hole. The capacitor elenment 1 thus structureglﬁ%eﬁ}"ar\% d with
a package 11 covering the side surfaces gnd the collector layer 8. A first
external termnal 10 12, which is electrfYcally connected with the alum num
foil 3, and a second external termnal 13, whichis electrically connected
with the collector |ayer 8, are provided on the package 11, and then a
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hi gh preci si 6n by “uUsi ng I"asér~ beam nachi ni ng, a ching e

a drilling gﬂotﬁ%%’ho%' el ectric discharge machining, or the |Iike neans. The
above net hods are applicable to any kinds of materials. Wen formng the
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facing j@ digl GHilH §s electrically connected with the aluminum foil 3, and a second

external termiﬁ.al 13, which 1s 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 100pm 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 ai)plicable to any kinds of materials.

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



| ayer 2 is chanfered by neans of wet etching or the |like process, it

contributes to further inprove the reliability of an insuylation | r,
which will be provided at a later step. Next, by applyi néﬁ?%e‘?iﬁ%&ﬁ%ési ng

filmthrough electrodeposition, an insu&gtion | ayer 5 is forned to cover
the other surface, viz. non-porous surfate, of the alumnumfoil 3 and the
i nner wall surface of through hole 4, as shown in FIG 5. Although the

el ectrodeposition provides 10 an even and intense insulation |ayer, there
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The solid el'ectro | ayer b can be t hr.ou hem ca
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conj ugat ed
the dielectric layer 2. The edge chamfering is effective for eliminating the

-risk and implementing a higher insulating reliability. Application of an
insulating résin containing a micro gel of high edge-covering property, carbon
15 particles and titanium oxide particles through electrodeposition is quite
advantageous. The micro gel referred to in the present example is a polymer
added with a polymer substance of particle d;'ametér 10um or smaller to
increase the viscosity and lower the fluidity; thereby improving the edge-
covéring property. However, if a resin mixture of high edge-covering property
20 is eiectrodeposited onto the inner wall surface of fine th;:ough hole of 100pm or
smaller, the déposited 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



pol ymer such as pol ypyrrol e, pol ythi ophene, and/or a conposite materi al

contai ning a conducting polynmer other than that; or by cogﬁ%ni n th%%e.
Besi des the above-descri bed process, it can be formed by VF&?

suspensi on of conducting polynmer and dryinhg it, and then conducting an

el ectrolyti'c polynerization; or, by |npré§nat|ng It with manganese nitrate
and then heat-deconposing it to generate nanganese di oxi de, and then
conducti ng ah electrolytic polynerization A further established technology
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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



| ayer 8 and an insulation |ayer 5, and then renoving the resist portion.
Then, a connection termnal 10 is fornmed on the surface -exposed tg@ gh t he
opening 9 of insulation layer 5 as shown in FIG 10, usi gkﬁlEHﬁ @%ive 5
adhesi ve substance, or by an electroplating or electroless plating. The
capacitor elenent 1 is covered with an epbxy resin package 11, as shown in
FIG 11, for protecting it fromhumdity and stress from outside and
ensuring good electrical insulation and increasing the reliability. The
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10  the aluminum foil 3, and a second external terminal 13, which is electrically

connected with the collector layer 8, to complete a finished capacitor element
1.

The component of above#descpibed 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 thrqugh 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.



One of the surfaces of an alumnumfoil 3 is etched for making it porous,
and a dielectric layer 2 is formed on the porous portion: d then

through hole 4 is formed in the alumnumfoil 3 at a cerfgﬁﬁmgﬁfﬁgggc

| ocation, and an insulation layer 5 is pgovided to cover the other

surface, viz. non-porous 5 surface, of alumnumfoil 3 and the inner wall
surface of through hole 4. So far, the procedure remains the sane as in the
enbodi ment 1. Next, when providing a solid electrolytic |layer 6 on the

di el ectric layer oge defipb 'éguféc% o ap Jlﬁhﬁnﬁﬁxhsfoﬂ $iAsRhed fR0MaREngd A'Rbus e

solid electrolytic |ayer cou ormon the other surface, viz.-

non-porous gl @agiedtticahyell 248 ¥Shdd %‘i‘ tBO bR itidr? PLRY B (e tiroli@h

happen, a photo sensitive ' resin 1s applied on t surface of i1nsulation

layer 5, as H%El@g’ris iefhrfie Fin the. kiR £61 %'hgra Qbriahf spBEIAgea 3o h@Bn

i mrer si on nethod, a 'spin coating process and a screen printing nethod. The
phot 0o sensi t:i sy I hat ofH n -

adhesi ve oré%%‘.ﬂ'é‘h? ﬁl%ybngyglgge‘grs&evgd%%rwl%gaf?g?s? %‘%rlrr%&%%?é’ %_)ze?%% i sf) u(ff'ase,

filmi o SUEf. f o -' h
a‘ttimig a%PS%EEQﬁWQO ef%?ﬁ%n?i tHeriﬁHle@Tw!a?II‘s&ﬁXE‘é oPthroighHud4. the

filmis provi certain specific dinmensions at a | ocation

corresponding 10 50%al ROYIOAMUE rdmeds AllONIg Bsih Phe binbdAmERENS Nesd,

photo processing or a nechanical nachining. T I'mis used as the resist

film A Solvhgeélegg&ég%gfai Eoﬁ@%?éct?%lgﬂ@ 13y 6osE tHROH R &t ikt Ia?@? 97 ifrthe

provided in 't way as I1nt enbodi nrent 1, and then the resist

film15is %ﬁm\ﬁﬁgmleﬂyésa A Q) ghueh BF 1L1QLY thé _sbﬁ&%!leq@rdlgtif: g};g@gtshgmahe

ot her surface non- porous surface, of alum numfoil

positive el ?6'1515Qﬁ%h@%@héf‘@uﬂﬁ@é}?ﬁ%.enozﬁbﬁﬁﬁfsﬂﬁﬁf@de,eoﬁﬂhﬁhmtﬁﬁﬁ‘@ﬂ@.'ed- |
Thereafter, In the sane way as in the “enbodinent 1; a collector layer 8 is
formed py. the sopy grcﬁalr%tﬁ(}‘é%ﬁﬁt 52y Ahpfen A pBEtPRAKIGe Pedif if ApPREd bA t he
insul ation layer 5 disposed on the other surface of alumnumfolil 3 at a
certain speghé istirfal€ 8F iRsuladids) Ryes B0 86 [sheWn! B F‘IG@'B}Qy'L%iﬂ% eithdedf ahet he

opening 9 of i1nsulation layer. 5 and on the exposed surface of 6 Decenber

2005 methods among an immersion method, a spin coating process and a screen

printing method. The photo sensitive resin is cured to form aresist film 15.
Instead, an adhesive organic film may be used for the resist ﬁim 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 resistr 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 6 and on the exposed surface of



10 through hole electrode 7, respectively. Thus in an SEC manufactured in
accordance with the manufacturing nethod of the present egﬂgdigﬁnﬁaﬁg a
possi bl e spreading of the solid electrolytic layer onto t

alumnumfoil -3 is avoided, since the opiﬁrng is formed at a later step,
and the 5 positive el ectrode and the negalive el ectrode are certainly
separated to each other. (Enbodinent 3) FIG 15 and FIG 16 are the

drawi ngs used to describe the main process steps of manufacturing an SEC
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solid eI%ct k’a% Ve%lfgégsrw‘éngoﬂyedﬂ 8%%;5&&4 glr?la er sur gggﬁé@rtb@ ac

non- porous ﬁ%ﬁef ce, of alumnumfoil 3. 20 In order to prevent this to
happen, rough hole electrode 7 is first formed in the through hole 4,
as shownrntﬁ1 odinet %through hole electrode 7 is fornmed by filling 'a
conductive adhesive substance such as Ag paste or Cu paste containing

conductive parti Cie?f%r e%ng dCFI(EBqI 6 Lre ,%gg %lghe‘r,s]ﬁ &8d o deREdipe! thel mdiayer

6 is forned on th rrc aer in FIG 16. Therefore
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non- por ous ace, al um num T orl ector ayer 8 1is

~ formed gy ta&lbaaiﬁlenebeaierﬁ}e\éahﬁﬁmron@ 'n’the same

Ope of the surfaces of an aluminum foil 3 is etched for m’aking 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 l_ayer 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 80pm 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 adhe.sive
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



6 Decenber 2005 11 way as in the enbodinent 1, and an opening 9 is forned
in the insulation |layer 5 covering the surface of alunin f0|L 3%@5
certain specific location by neans of YAG |aser, or the 5] The
opening 9 can be formed instead by prov |ng a reS|st portlon beforehand
on the non-porous surface of 5 al umi num f. 3 using photo sensitive resin:
or the like material prior to formation of the insulation |layer 5, and
renoving the resist portion after collector layer 8 is fornmed. And then,

o o MRCHER R APRRPHY, 2 LTRSHTRLP): Oty Moo
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at a later ep, e pOSI Ive e rode an negative e ectro e are

certainly sg agg&ﬁigleﬂ&ot gaxggxs?t p§ﬁ1?1¥]'5l§9}89é1{5§{81t ob) the E spol‘%u@”%g? & o8

are the dra escr. e nmaln process S acturlng

an SEC ig a&f@hg@ﬂ@efoﬂ gh glcliggghb{b %éﬁ 1A Yo r]ikeOfm#%g a?oﬁﬁrrakl ng

i nventi on. he sur an a um num f ol I |s etc

then. a1} S e e ays rlag?*of‘”ﬁeaﬁ*ﬁgmﬁ’glﬁ T N S
certain spegbﬁ% ,tpdg,%pgog ST ORERSBHERiGS fﬁﬁlallhﬁ) ﬁﬁ?ﬁﬁw@&ed Bnt he

enbodinent Insul at1on Tayer orne t o cover e ot her

surface, Vigpe r%%gﬂébﬁf; 3§é’ R&z&%h%%&{mﬁl Sgﬁﬂ&'ﬂhft@fel t}ﬁoﬁ? (fl% él@@&f)dé"aﬁ,'

surface of t Id electroly ayer

provi ded on, édg)%cﬂkzﬁlge €hn?2 “anammgm i SQfldRS %Rha%ﬁ&_ef

801ltmor |ar e ectro yer 6 cou rmon the other

surfaceygvi ﬁarﬂﬁﬂcﬁ?ﬁﬁﬂlﬁléfﬂﬁa ¥ Ghe cHreQéﬂH”’éﬂHB?hnﬁ’éﬂt 3, 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 a_cco_rdance with a fourth exemplary
embodiment of the present invention.
One of the surfaces of an aluminum foil 3 is etched for maﬁng 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 § at a certain specific location.
So far the procedure remains the same as i_n 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



In order to prevent this to happen, an insulation layer 5 is fornmed on 6
Decenber 2005 12 the other surface, viz. non-porous surfa of . al_um num
foil 3, and an insulating portion 16 inside the first th%gﬁﬁﬁnwgﬁﬁ in the
first place as showmn in FIG 17. The insulation layer 5 is formed in the
same way as in the enbodinent 1. The i nshdl ating portion 16 can be provided
by 5 el ectrodepositing an easy-to-fill insulating resin for several tines
to fill the through hole, or screen-printing or potting an insulating
resin. And t
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10 electrolytic layer 6 can be formed on the other surface, viz. non-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 6n 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 aluminuin 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



i nvention, the connection termnals provided at the opening of insulation 6
Decenber 2005 13 | ayer and on the exposed surface of throkﬁﬂ l?ﬁr 0

el ectrode, respectively, are disposed on a single flat plPan&s™ W% he
present nethod of manufacture enables tg manuf acture with ease the | arge
capaci tance SECs that can be connected Prect with sem conductor
conponents and provide a superior. high frequency characteristic. 6
Decenber 2005 14 Clainms: 1. A nethod for manufacturing solid electrolytic

capaci t or fh?n gz'.rﬂ?oﬁh:ﬁe e%:fp%géd %]:Jrfacgrd}q l:'illgl g@? ro?é’ﬁle%@f&deogeé}ﬂac &%}}g arehe

sur f aces of num f ormn ri ¢ lTayer’ on*sal rous

portion. 1 OhfHed® ch's WANCNALE pifls il YHL WL b Qo SELPaSREET {1 ©

| ocati on, an I nsu t| on-layér on sai m num 0|I 0 cover oth

the ot her éﬂéﬂlﬁﬁ% &afu!féct QPP S5ithe aﬁ% ﬂﬂee#ﬁ%g ‘ﬁ'fc&%nié'@é?tﬁﬂg &R bon

and the inner wa ace o sal rou ormng a Sso

electrol ytig, A:?éé ﬁﬁguﬁhr‘i‘th]:f’ éﬂhﬁ@hd‘uﬁtdrac\éﬁic%ﬁ %”a% ImerﬂieOH%ﬂ be ¥ high |

el ectrode in sal ormng a ayer on

el eCtrO'&'“ﬁebﬁXﬁéy cﬂaﬁra%e%gst@ opening at a certain specific pl ace of said

i nsul ation Tayer ™di'sposed on said alumnumfoil, and providing a -
connection termnal at said opening and on exposed surface of said through
hol e el ectrode, respectively. 2. A nethod for manufacturing solid

el ectrolytic capacitor including the



steps of form ng a porous portion on one of the surfaces of an al um num
foil, formng a dielectric |ayer on said porous portion, form t hr ough
hole in said alumnumfoil at a certain specific |ocati oﬁ,DeICS?“H% 03
resist portion on the other surface of the alumniumfoil that is opposite
to the one having said porous portion at a certain specific |ocation,
formng an insulation |ayer on said alumnumfoil to cover both the other
surface that is opposite to the one hadidng sai d porous portion and the 6
Decenber 2005 15 inner wall surface of said through hole, formng a solid
el ectrol Qlﬁﬂénﬂiayer on said dielectric layer, formng a through hole

el ectrode in said through, hole, form ng a .ol ectar,. | I d
electrol ytic Fayer AWH?H%B”&H%‘;&%HIFH{&% ﬁolgg?]l&cﬁ'ﬂ%}C&%ﬁﬁpﬁ@i@ﬁ@%é@éed on
said al ug'}egg foil at a certain specific |ocation by peeling said resist
portion , and providing a connection termnal at said opening of said

I nsul ati on | ayghyinaAthaBesRRAbIAL BF teurfibdof B alahinfioh foie] ect r ode.

respectively. 3. manufacturing solid electrolytic capacitor

i ncl udi ng t heforatif@a diélectriv lyeLon sBIY Pordup poitict) on one of the surfaces of
an alumnumfoil, "formng a dielectric |layer on said porous portion,

form ng a thrforpfingot ¢hriomghaholeainusdidiatufmintimefoid at areertainsgpesificc
| ocation, formng an insulation |layer on said alumnumfoil to cover both

t he ot heiOO@tmm,ace that is opposite to the one having said porous portion

and the inner_ wall surface of said through hole,,..
forming an insulation layer on said ataminum 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 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
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 including the
steps of; -
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 the other surface of the aluminium foil that is
opposite to the one having said porous portion at a certain specific 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




formng a resist filmcovering the entire surface of said insulation |ayer,
formng a solid electrolytic |ayer on said dielectric |ayer, form a

t hrough hol e el ectrode in said through hole, peeling sai gl?egglpé?r%b%m of f,
forming a collector layer on said solid electrolytic layer, form ng an
opening in said insulation |ayer disposed on said alumnumfoil at a
certain specific location, and providing a connection termnal at said
opening of said insulation |ayer and ph exposed surface of said through
hol e el ectrode, respectively. 6 Decenber 2005 16 4. A nethod for

manuf act iriergvalbhirfhce! afctaidthyoiigh befeaci t or i ncl udi ng the steps of

form ng a porous portion on one of the surfaces of an alum numfoil,
forming a difsiredng & solidglectolyticdryersay ssiddisictiio yeF.or ni ng a t hrough hol e

in said alum pum.foil_ at certain specif.i.c, |location. formngya,resist
portion on safw&mthmg%&@e ectrodg iy s3id t ‘i"fali‘%le’ fogming gﬁ,%ll%cp ing an

i nsul atipn | ayer..on.sai.d al.umnumfoil to cover both the other surface that
i s oppos afygl‘pé Sﬁlﬁesob‘ﬁeﬁlﬁ%twlbfg‘ci%& porous portion and the inner wall

surface of sard & | ) A § S S o A hRnih W e
surface of sgogmﬁﬁgﬁgplc H;égy%f@ﬂ%sﬂ%}a?@nnrl] 5%%%%%?@&%% ytigﬁ}%ﬁylfa%tr on

said di eh%ﬁﬁ&f’n%gglelﬁlocaéaﬁrp &eRlih P sHdYBsIBOpGrtRMCGHT Atk i n said through

hol e, peeling esl st I'mof ¥, formng a collector layer on said
solid el ectr opptviidingey ebnnkefiohnerminabpeshitopenizeg df saislinatlasion kayer
di sposed on said alumnumfoil at .

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

D

3. A method for manufacturing solid electrolytic capacitor including the
steps of:

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
Iocation, '

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,

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 insulation layer disposed on said 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.



a certain specific location by peeling said resist portion off, and

provi ding a connection termnal at said opening of said insylation dayer
and on exposed surface of said through hole el ectrode, res E‘E"F‘?}:’é’WO x5, A
met hod for manufacturing solid electrolytic capacitor including the steps
of: formng a porous portion on one of the surfaces of an alum numfoil,
formng a dielectric |layer on said porous portion, formng a through hol e
in said alumnumfoil at a certain speggfic |ocation, 6 Decenber 2005 17
form ng an insulation |layer on said alumnumfoil to cover both the other
surface that 4s opAambthedfor nfmufaeuting solid skictrobdiocapagitor insluding the he

i nner wall surface of said through hole, formng a through hole el ectrode
in said stepsefh hole, fornming a solid electrolytic |ayer on said
dielectric layer,, formng a coll ector E er .on said ?olid el ef‘tfrol tic

| ayer, forni niPTEHNSZINAES PAFUER 08 qeQi)t %?‘Hﬁaqeﬁ anglumyeag fgjh fedpfg 2
alum numyfaqil _at. a certai |.c_| ocation, and providing a connection

] A Cil I dn sgepi f .
t erm nal éqegtgllc(}a}ggém% FPTUFRPTIPRs ) at i on | ayer and on exposed surface
f idth | - ' : :
of sal rou%}rﬂ%ﬁl&eaeﬂggﬁ%ﬁo@ Blnrs‘%?@%ﬁﬂg}’tfﬂlﬁ foﬁhata‘a%% 2 sh&ific

manuf act uri ng-so I'ccapac I nc Ing the steps of. formng
a porousjpg Hl,on on one of the surfaces of an alumnumfoil, formng a

dielectric Tayer on said porous portion, formng a first through hole in
sai d al um numfbamingh résieepbition ofraid Alumimeatfoilnat a certain specific

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 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,
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 insulation layer disposed on said aluminum foil at
a certain specific location by peeling said resist portion off, and
providing a connection terminal at said opening of said insulation
layer and on exposed surface of said through hole electrode, respectively.
5. ~ A method for manufacturing solid electrolytic capacitor including
the steps of:
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,



formng an insulation portion on said alumnumfoil to cover the other
surface that is opposite to the one having said porous portion and the
i nside of said first through hole, formng a solid eIectréﬁ???@bﬁé§@? on
said dielectric layer, formng a second through hole in said insulation
portion, formng a through hole electrode in said second through hol e,
formng a collector |ayer on said solid electrolytic |ayer, formng an
opening in said insulation |ayer dispdSed on said alumnumfoil at a
certain specific location, and providing a connection termnal at said
openi ng of sai dformsngain imsuldtiopdayendn saicahusins (il 4¢ eowver bathithenr ough
hol e el ectrode, respectively. 6 Decenber 2005 18 7. The nethod fo

manuf act ur othgrssrfaceethat ts opposite sagheians haviag) tadd posous postignant| aj m 4,
wherein said resist filmis forped of either a photo sensitive resin or an

adhesi ve oﬂmmm@rmalmur@cmiésmmgh&}olﬁanuf acturing solid electrolytic

capacitor recited.in claim3 or ¢laimd4, erein sai,d rpesist filmis
forned by usi ng'BHEDEf Qhéﬁ%‘lﬁ%odgognoﬁgfcu\gaei nifler §314g ﬁﬁ’“&%, 1%101§pi n

ti ; | nt i t hod 1 tachi t hod. 9.
The mothod for TERUREERORIRECoE: Ve oR oot eRetie B *rectt oa i n one

of clainms 1 thr rel | rQ i $: f d by a process

where a phot o- r%ﬁ?gaic%&rﬂgi&]oﬁl %%ifih%gi?l agéﬁglﬁlfalggéf ané [ tpi S

wet - et ched aft 3. I eSi ar hre - 10. f ;

manuf act uri ng so VH%I %%t?%%ygcﬁég%g@i !%h?gatl&? la%ke (H%M ol said
aluminum foil at a certain specific location, and
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providing a connection terminal at said opening of said
insulation layer and on exposed surface of said through hole electrode,
respectively.
6. A method for manufacturing solid electrolytic capacitor
including the steps of:
forming a porous portion on one of the surfaces of an aluminum foil,
forming a dielectric layer on said porous portion,
forming a first through hole in said aluminum foil at a certain
specific location,
forming an insulation portion on said aluminum foil fo cover the
other surface that is opposite to the one having said porous portion and
the inside of said first through hole, |
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
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.



recited in one of clains 1 through 6, wherein said through hole is forned
by using one of the nethods anong a | aser beam machi ning, _a pugchin

nmet hod, a drilling method and an electric discharge nachﬁﬁ#ﬁ&ﬁ Tfmoghe

met hod for manufacturing solid electrolytic capacitor recited in one of
claims 1 through 6, wherein said insulation |layer is provided after edge of
said through hole 1is chanfered. 12. The nethod for manufacturing solid

el ectrolytic capacitor recited in ong8of clainms 1 through 6, wherein said
insulation layer is forned by el ectrodeposition. 13. The nethod for

manuf act uri ng s®) i dTheanetlmd for nuapdactuing sebid: el¢cirolytie GpssOFber 2005
19 of clains 1 through 6, wherein said insulation |ayer is consisting of a
first |ayereatedin clasm horelpimedi wheneina second | ayer of an insul ating
resin formed by m xing a mcro _gel, carbhgn parjicles .and titani um oxide
particles, electyasdapsist fdm 13 fornred O%éﬂﬁl% & BROIL AR BV TGS 9530y

el ectrolyticg capacitor cited in one of clains 1 through 6, wherein said
t hr ough hoR@hesIvEeLe3EL ﬁhforned by first filling said through hole with a

duct i dhegi bst d then cur. It S 1NE:
ranuf act ur ng b1 1 o oheEiewos R manabdiinksdlld sl EpoRlionT |
th h 6, _wh | ' B i s1formed b ' ith | b
machi i ng’ B i Rl SRERBES, SHHHE ot hod for manuf act ur i ng sol 1
el ectrolytic capaqy'@kist 9¥In ¢ fofmed by using one of the methods among

an immersing method, a spin coating process, a screen printing

method and a film attaching method.
9.  The method for manufacturing solid electrolytic capacitor
recited in one of claims 1 through 6, wherein
saidlthrough 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. | |
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
Jaser beam machining, a punching method, a drilling method and an
electric discharge machining.
11. The method for manufacturing solid electrolytic capacitor
recited in one of claims 1 through 6, wherein
said insulation layer is provided after edge of said through hole
is chamfered.
12. The method for manufacturing solid electrolytic capacitor
recited in one of claims 1 through 6, wherein
said insulation layer is formed by electrodeposition.

13. The method for manufacturing solid electrolytic capacitor

recited in one



claim5 or 6, wherein said opening is fornmed by the process in which a
resist portion is provided on non-porous surface of said g&um nugfoil
prior to formation of said insulation |ayer, and then sai® ‘?@?bgicwértion
is peeled off after said collector layer is formed. IT The nethod for
manuf acturing solid electrolytic capacitor recited in one of clains 1

t hrough 6, wherein said connection termnal is fornmed with a conducti ng
adhesi ve substance. 18. The nethod fold9manufacturing solid electrolytic
capacitor recited in one of clainms 1 through 6, wherein said connection

t er mi nal dafsldimsniethroyglah, wheeinr opl ati ng or an el ectrol ess plating. 19. The

met hod for manufgcturing solid elegtrol ylic capacitor recited in.one,6
Decenber 2005 QﬁgdﬂsﬂﬂﬂPﬁiaYeftlﬁ FORYFINE g’%\h gFﬂgﬁygﬁp ag ipsudatulgrsiny e Ac

Lrer 1S ST huBh of B ORORHE 103 Sohka S5 ARE & bl B RhoARES 3,
The net h%ﬂ ftﬁ_%?igﬁgﬁﬁgﬁt%ﬁeﬂiss&%g?ﬁé O%I;té&l ytic capacitor recited in one

of clains erern sail el ectrolyte is a conducting

pol ymer for meg4qbyrd nieﬁ?c?ﬁ d}riﬁalﬁffacthﬂg%%gg%@ﬁ@ﬂ doer ehateddalone

pol yneri zation and the electrolytic on. . The nmet hod for

manuf act wficRemsdl theowgdle6 ! whepin ¢ capacitor recited in one of clainms 1
through 6, wherein said solid electrolyte is a conducting polyner formed by

applying a susséthiomghdiolp@lettrods is dorined bydfiysofilling sainthroumgh hgle withand
t hen
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a conducting adhesive substance and then curing it.

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

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 résist portion is peeled off after said collector
layer is formed.

17. The method for manufacturing solid electrolytic capacitor recited in
one of claims 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 said connection terminal is formed by an

electroplating or an electroless plating.

19.  The method for manufacturing solid electrolytic capacitor recited in

one



el ectrolytically polynerized. 22. The nmethod for manufacturing solid
el ectrolytic capacitor recited in one of clains | throug . W%er% rg sai d
solid electrolyte i s manganese di oxi de formed by heat- de Qogg200
manganese nitrate. 23. The nethod for manufacturing solid electrolytic
capacitor recited in one of clains 1 through 6, wherein said solid
electrolyte is a conducting polyner fornmed by electrolytic polynerization
af ter manganese di oxi de i s obtai ned by J@eat - deconposition of nanganese
nitrate. 24. The method for manufacturing solid electrolytic capacitor
reci ted iof clanes dfthodvehnG, whereimugh 6, wherein said collector |ayer is
formed wth a carbon particle suspension and a  conducting adhesive |
subst ance. said solid electrolytic layer is formed of a composite material
containing at least one among a = electron conjugated polymer and a
conducting polymer other than that.
20. 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 at least one of
the processes among the chemical polymerization and the electrolytic
polymerization. |
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.
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 of claims I 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 of claims 1 through 6, wherein
said collector layer is formed with a carbon particle suspension and a

- conducting adhesive substance.





