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 |l 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 .
conponent's and. iﬁ‘B?eﬂ‘Fgﬁ?n |y q‘?’brre%ﬂfﬁctgn%e}?l\é\%%r 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



2 high frequency response. DI SCLOSURE OF THE | NVENTI ON According to a first

aspect of the present invention, there is provided a net gﬁg fgf%% 200
manuf acturing solid electrolytic capacitor including the FEMBeT Por ni 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 ﬂglgﬂrfgéi%n%yﬁ(%%g%lgs 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
surface ofmsiliod forrmuahfduelieingedddinl eledrolytas pasdditedl inchiding eht gegopfiect i on
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

-]
can be co | L ec e 1 .C or, r peri or
hi gh f reqlrJHg%%If/ cﬁ%??eg'cﬁ)g\rl\%%lﬁ 8%?%(38)?%#%%, tf%ﬁgﬂgghg%rgg%égﬁ&gf %ﬁse{ﬁgr esent
i nvent i on,althnan $oil pit av ceiedim spetifiododéationyafovindad Wi gswdation leyecbnol ytic
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al um num fferrhidgdat saladl epgeosilytac taydmen aiagéd hlisleoigic bared, foemdnig apthirough at

certain s %ei ]:aie%n!o?{gaitni Savd Eh%romgﬂghﬁg, jforxl'%:ltlllngtziioc%llleg ot layer on said solid |
electrolytic layer, forming an opening at a certain specific location of said
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



on said alumnumfoil to cover both the other surface that is opposite to
the one having said porous portion and the inner wall s-urGB?ace Bf @@;jd
through hole, forming a solid electrolytic layer on said deFER4C°I ayer,
formng a through 6 Decenber 2005 2a hgl e electrode in said through hole,
forming a collector layer on said solif? electrolytic layer, formng an
opening in said insulation |ayer disposed on said alumnumfoil at a
certain specifjic laocation, peel i said resist portion off, and _.

provi di ng%gfecSLﬁ?&qdieow pridi hnely hilg 30%81% ﬁgcql?ecgogi ByeRs stidofolid ayer
and on ex f ' h r L y

Accor di nge%%?%lfﬁ{é rlg.&(grégfgléltm%? at%héﬁ%rg%lgg% %?ﬁi/glﬁlﬁlgﬁ?ntﬁggg%ﬁé aé'(ragv?%ed a
met hod f ogatthalifmaGiuh if6id a3 @l dettdhegpieefic/locstionbFchdeding 264 wesiaf pbhgorst eps
of form ng a porous _portion on one of the surfaces of an alum numfoil,
formng &lfgiaaderravidingagetonpaciion depoinalsapenid epeningroff sidainswlatioh hol e
in said lumnumfoil at; a gcertain. cifi,c,locati,on, fornin n
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surface of said through hole, formng a resist filmecovering the entire
surface of meilhd foswhanubetwayesolid ebratiolgtia caphditorinebtdiog the stémyeli on

said dielectric layer, formng a thr h ol e el ectrode in_said through
ol o, peel HTEA Roras BRIV 07 OpP Of PBF TS of oft dURORUR R 1GFMeR |
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provi di ngahemidnnacfoilost tetartaial spricifsailatatioanifognivg aaidsikgidmilayetr dmyer
and on exposed surface of said through hole el ectrode, respectively.

Accor di ngS¥id alumymuon foid se covarrbathether etherisurtase thabis opprsite tosthar 68 ded a
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form ng 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.
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



a dielectric layer on said porous portion, formng a through hole in said
alumnumfoil at a certain specific location, formng a res|st or%i n on
said alumnumfoil at a certain specific |ocation, forniﬁakﬁﬁng gtion

l ayer on said alumnumfoil to cover 2gth the 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 layer, _ forning a.solid electrolytic layer on said.
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| ocation by peeling said resist portion off, and providing a connection

terninal &leckeddg, respeptivelyof sai d insul ation |layer and on exposed surface
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portion on one of the surfaces of an alumnumfoil, formng a dielectric
| ayer on $aimingoa posoysopdrtiom, of ongiafgha shilfamag of hol sl unninsa @il,abrmimgim f oi |

at a certain, specifjc locatiop, formng .an insul]ation |layer_on  said
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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.



surface of said through hole electrode, respectively. According to a sixth
aspect of the present invention, there is provided a metrbojg fl%(rg) 9

manuf acturing solid electrolytic capacitor including the st %c§’ Pr 2403 i ng
a porous portion on one of the surfaces of an alumnumfoil, formng a
dielectric layer on said porous portio € forni ng a first through hole in
said alumnumfoil 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 inside of said first through -
hol e, form ' | ity said dielectric layer, formng
a second ﬁﬁ%ﬂ%?%ﬁ??ﬁégta?g ?%ISE::J]P%EN%&H on, formng a through hole

el ectrode in s@lIG. Isécangersheatigh vivok exf £r0ISROgnanafiickesidoin lagyadanste sai d
solid electrolytic layer, formng an opening in said insulation |ayer

di sposed &tk gifirsheaeiplanyt enbodiment draseediventiopecat i on, and
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view of an SEC manufactured in accordance wth a first exenplary
enbodi menpovtfion he the 8sehembndenenion. FIG 2 is a cross sectional view of an

SECin the fir enhodi nent. FlI 3 is,.a, cross segti.on i fied view of
S sEe o ndIErAIRa AETE sectinmal vk of AR Rma ot SEE, Sowie 1 or oot

sectional view of alum numfoil of an SEC, showi ng a 6 Decenber 2005 3
state after chanfering in the first enbodi nent.



FIG 5 is a cross sectional view of alumnumfoil of an SEC, showi ng a
state after an insulation |ayer was fornmed covering the n%ﬂ%&%ﬁ?ﬁ 20%) rface
and the inner wall surface of through hole in the first e FI G
6 is a cross sectional view of alumnumfoil of an SEC, showing a state
after a solid electrolytic layer was formed on dielectric layer in the
first enbodinent. FIG 7 is a cross sectional view of an SEC, showi ng a
state after a through hole electrode was forned in the through hole in the

first 10 enb di FI.G. SS s ctional view of an SEC, show ng a
state after® &%Fé’bf‘ﬂ’rfe’r'lﬁ?éps%ﬁﬁrﬁ €8l i d electrolytic layer in
the first enbodlnlg FIG 9is,.ac oss fS%Eéﬂ:lonal v Wof ﬁ? show ng
a state after %e‘?\ﬂ%@cﬁ%&gﬁeﬁpﬂﬁ TR® "WS“(B‘HPl fﬁ? v&“\‘g?st

Srer o e %ﬁ%@%ﬁf& 38 vy Ofassfﬁ?sreﬁé% Wemed ooupne e hou- n@rcrlfsr gitrfics"
Sec. " Shovi ﬂ@&%%@%ﬁﬁ%ﬁﬁ ﬁﬁb‘ﬁ@a’e ’ﬁ e AR AR REREL  embodi ment
i e il
2 show ijate 2fte? @ SN RleR mis@gﬁ' vor itan Tt &8 RudEcl BRer thalle dsbi

| ayer in a SeEcT exerrpl ary enbodinent. 25 FIG 14 Is a cross sectional
view of an 4B ng a state of resist filmafter patterni ng in the

second embodi mentyy €1 6.1 ks ecliSRR1 395 R 6 SRl TS 19 2
through 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



4 through hole electrode was fornmed in the through hole in a third
exenplary enbodinent. FIG 16 is a cross sectional vieM/ﬁi)an E§® fhomﬁng
a state after a solid electrolytic |ayer was forned on t REPCHFBYEANI ¢

| ayer in the third 5 enbodinment. FIG 17 is a cross sectional view of an
SEC, showi ng a state after an insulation4layer was fornmed on the

non- porous surface of alumnumfoil and an insulation portion was provided
in the through hole in a fourth exenplary enbodinent. 10 FIG 18 is a

cross sectiogpal i of, an SEC, showi ng.a statje after, a. solid electrplytic
Cayer vwas f oRruEboRolrRIeRFeRt otas RO i Hhiodtt Bol iAot b eRtRb R | 5o
Is a cross segtional , view of an SEC, showing a state after a through hole
was formed PHPRAERERE G| ation portion in the fourth enbodiment. 15 BEST NMODE

FOR CARRYI NG OQUT LINVENTI ON A sol i d, el ectr.ol ytiy G capacitor ECQand the
rethod of  manuf acFie 1PriS & CEOPAHEETA TG AN SEF ateh e 5 At fna
present invention are, ,described referri,ng to th rawi ngs. The draw .ngs
P i med t 601 cBeRfrol” 1650 grh dpBineHon, Ehe Fiefiebtls B city (henthiflc.

( Enbodi nent 1@ Befergnce is made to FIG 1 - FIG 3, in a sheet-forned
capacito €% one of the surfaces of an aluminumfoil 3 is nmade

Phe por ous. por t1 ORI 18 HE R ABRTARLTE 0! B ot S SR AR ol |

330 2 cor e iIRREeile Lashan o UM ALLR0 LR of iuRhOM HFahd
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' 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,



~surface, of the alumnumfoil 3 and the inner wall surface of through hole
4, 6 Decenber 2005 5 and a solid electrolytic layer 6 is fci?med orzohge

dielectric -layer 2. Athrough hole electrode 7 is formag ef??lhgr ough
hole 4, and then a collector layer 8 is forned on the solid electrolytic
| ayer 6. Next, the insulation layer 5 on Yalumnumfoil 3 is provided with
an opening 9 at a certain specific location, 5 and the surface exposed by
the opening 9 is provided with a cannection term nal 10. The through hole
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al um num f oi nmake 1t ormng a ctric oxi
filmthereo JHr%ngg?eanode oxidization in a electrolytic 20 solution. And
then, the alummumToil 3 is provided with a through hole 4 at a certajin
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r i ner thr Ouggv&%gftlfg siﬁ%%’ffﬂesm éheercolfé%rquézoé.”eg ﬂst%xﬁé&%l Péﬁrfih%hon
evel by using aaser beam nachining, a

10 12, which is 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



25 punching nethod, a drilling nethod, an electric discharge machining, or
the |ike nmeans. The above nethods are applicable to any %i ds gfzo
materials. Wen form ng the through holes by wet etching 6%%@@'?; gﬁ
alumnumfoil 3 is 6 Decenber 2005 6 etcggd after the foil is provided at
both surfaces with resist filmhaving optnings at places corresponding to
the through holes, and then the resist film is renoved. |If edge of the

t hrough holeat the surface to be facing to dielectric layer 2 is chanfered
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el ectr Odepoéfﬂh%rla&& ﬂutn‘ﬁ%tﬁttg%%%;]ighitfy%inner at the edge of through hole 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 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



attaching a thin filmof a high resistively resin and then an insul ating
resin which is a mxture of a mcro gel of high edge-coverin roperty,
carbon 25 particles and titanium oxide particles. By so dgilr]hﬁfgng’ﬁrfﬁs
insulation layer 5 of lowfailure rate if provi ded on the inner wall
surface of through hole. Then, as shown in FIG 6, a solid electrolytic

|l ayer 6 is formed on the dielectric |ayer 6 Decenber 2005 7 2. The solid

el ectrolytic layer 6 can be formed through a chem cal polynerization or an
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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 |ayer. The structure efficiently nmakes the slectr#ﬂgﬁoiharges
avai l able. Then, as shown in FIG 9, the insulation Iaye n the
ot her surface of alumnumfoil 3 is provjded with an opening 9 at a
certain specific location, by 25 neans of® YAG | aser or ot her process such
as grinding. Besides the above met hod, the opening 9 can be forned al so by
ot her process; nanely, providing a resist portion on the alumnumfoil 3
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sem conduc corrpone r'ani c conponent, to I nprove

- the el q¢f rigal aﬂl%ﬂlﬁm %, 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.



The SECs manufactured in accordance with the above-described 20

manuf act uri ng process have the connection termnals 10 an%%hceﬁ}coon%gion
bunps 14 di sposed respectively on a sane plane. Thus the pr CERP ntion
offers a method for manufacturing SECs th@t can be connected direct with
sem conduct or conponents, and superior in“the high frequency
characteristic. (Enbodinent 2) 25 FIG 13 and FIG 14 are the draw ngs
used to describe the main process steps of manufacturing an SEC in
accordance with xﬁi‘fc’é?' ﬁl% $1s R REGSRAkIASUPVHASE, ©
Decenber 2005 9 gn}e(gﬁﬁtghse sur ggé}sﬂagl;{&gﬁha uir% nuSmfo?I 31s etéc]hggﬁfor
meking it parQusg; | nfed bond §6TRsh. OMAP Bhl PHrough
portion. An%%%ﬁ%elgm ?f}%g%ﬁhqﬁg‘f’!g?%d ?%%%?ﬁ%o}éllg the alum nu_m’foil Sgat a
certain speqieid 4 ik 96h @i tHAhIRMINE? WiRh! A% kBYBin SpbSifRNIBUAAS 4l aaver
the other surface, Viz. non-porous surface, of alumnumtfoil. 3 and the
| nner val | - faybP (948 e fiRifod to WA the! BEhdd SRALE CvlA TISoldu
same as in ?ﬁ%ﬁgﬁgggﬁaﬁgﬁtﬁ’%g xt(?e(fv%e%r?vpm\l/lledﬁﬁb a solid el ectro?ytic

layer 6 gn fshffa@{e,fdgedgt.mifﬁy&m nd ﬂ‘hetigﬁg% Eﬁ{%Pékgﬂg?E@thﬂl%ﬁgﬁ Hil@get er 80pm

or larger the so ec yt1c Tayer m on the ot her surface,

vi z. non-porous SBBffélcj%he%fro@éMia'}Hﬂ?aﬁrﬁ am8 akinThd @Bl A ANt Ndiits to

L {h
happen, a photo sensitive'resin IS app %e(ﬁ%n the surface of Insulation

layer S, as yiBrdviditleCa dolid Rledtdiitie SoyBit ok (HRCdicIRRRINYBF I Gf 3e

| mrer si on nmethod, a spi oati ng protess and a screen printing nethod. The

phot o Sensi kikRuhRiIl Ha #HibHledcd dRTbR1A38E the bbliMeléuirdIfib afhr @ebuld

adhesi ve organi m nay r the resist film15. “15 I'n this case,

a filmis aghag Bﬁghﬁ%ltfé&g?%&é}C\Fiz.oﬁoﬂ-géfﬂtﬁtélﬁﬂade%f?ﬁhﬁnirﬁﬁﬂ foftgn, the film

IS provided wth certain specific dinensions at a |ocation
10 In order to prevent this to happen, a photo sensitive resin is applied on

the surface of insulation layer 5, as shown in FIG. 13, by using either of the
methods among an irﬁmersion 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



corresponding to the through hole 4, as shown in FIG 14, by neans of a

photo processing or a nechanical machining. The filmis: a resi st
film A solid electrolytic layer 6 and a through hole el &i‘?ﬁ’r"&ﬂ@?%@ﬁ

provided in the 20 sane way as in the en‘ﬁ dinment 1, and then the resist
film15 is renmoved. Thus, no solid electtolytic layer 6 is forned on the
ot her surface, viz. non- porous surface, of alumnumfoil 3, and the
positive el ectrode and the negative electrode are surely separated.

Thereafter, t#ﬁutsg}ﬁl gl’aenﬁle\ﬁ"i% S7' Qe%ﬂb%tw% OanK%tmlan HRe! hen tu?éct'l.@é(cfr in8 s

formed on. ectrol’yti c Tayer opening 9 1s formed in the
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certain spec ocation, a connection term na rovi ded at the
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and the e e an e negative e ectr rercartainl

separ at ed t 3¢ ch ot her. (Enbodinent 3) FIG 15 and FIG 16 are the
drawi ngs use 0 descri be the main process steps of manufacturing an SEC
i n accor danc #’&'{ﬁe d exenplary 10 enbodi nent of the present

I nvention. e faces of an alumnumfoil 3 is etched for making

it porous, and a ?'13;6 LRHCEIGY 96 2rd ShEORRAARE LU B9 RUEHBE eOtaiANT

then, a through formed i n al umi at a certain specific

| ocati on, v???oce@@ stégﬁ%fa:hhﬁﬂfdcﬁﬁﬁhgsaﬂ SHe &Y hgﬁ'di'dbﬁc&%‘iﬁ{ atASrdOéhhplary

surface, non-
10 embodiment of the present invention.

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_a_yer 5 is provided to cover the other surface, viz. non-pbrous

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



15 surface, of alumnumfoil 3 and the inner wall surface of through hol e
4. So far, the procedure remains the sane as in the enbod é é&BEt

when prOV|d|ng a solid electrolytic Iayer 6 on the dlelect ?7 i f
the through hole has a diameter 80m or 1irger the solid electrolytlc | ayer
6 could formon the other surface, viz. ‘non-porous surface, of alum num
foil 3. 20 In order to prevent this to happen, a through hole electrode 7
is first fornmed in the through hole 4, as shown in FIG 15. The through
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electrode an
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 surfacé, of aluminum foil 3.

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



negative electrode are certainly separated to each other. (Enbodinent 4) 15
FIG 17 and FIG 18 are the drawi ngs used to describe the I n r 8 Ss
steps of manufacturing an SEC in accordance with a fourthG%ﬁ‘B"‘grzﬁ

enbodi ment of the present invention. One of the surfaces of an al um num
foil 3 is etched for making it porous, dfd a dielectric | ayer 2 is forned
on the porous portion. And then, a first 20 through hole 4 is fornmed in
the alumnumfoil. 3 at a certain specific location. So far the procedure
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t he ot her su surf
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



of alumnumfoil 3. And then, in the same way as in the enbodinment 1, a
through hole electrode 7 is forned in the second through §$I % , %
collector layer 8 is fornmed on the solid electrolytic Ia& cegmber 7908 hen
the insulation layer 5 15 di sposed on thzsaluninun1foil 3 is provided with
an opening 9 at a certain specific placey” and a connection termnal 10 is
provided at the opening 9 of insulation |ayer 5 and on the exposed surface
of through hole electrode 7. Thus in the nmethod of manufacturing SEC in
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hol e el e are dlsposed on a single flat plane. Thus
t he presentﬂﬁguﬁméﬁ naﬁ%ﬁ%c'ure enabl es to manufacture with ease the

| ar ge capacitance SECs that can be connected direct with sem conduct or
conponents and provide a superior high frequency characteristic. 6

Decenber 2005 14 Clains: 1. A method for manufacturing solid electrolytic
capacitor including the '



steps of: formng 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 IocatioﬁFkFQWH%' 03
insul ation |layer on said alumnumfoil 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, formng a solid electrolytic |ayer on said
dielectric layer, forming a through holld el ectrode in said through hol e,
formng a_collector |ayer on said solid electrolytic |ayer, formng an
openi ng Glaimsert ai n specific place of said insulation |ayer disposed on
said alum numfoil,, an vi di ng.a, connegt i efmn ' i ng and
on exposed st facé B¢ ﬁ)&fﬁ%‘gﬁiﬁwﬁ’ef’@@g@FﬁB b{rﬂcr @%%@Pf %‘ﬁk}&}&g %g

met hod L&% gg&ufacturing solid electrolytic capacitor including the steps
of : for 8 porous portion on one of the surfaces of an alumnumfoil,

forming a di ekeiink & JoRUR pOioRATloRObOIR RRRACESBE ah ANhiR fuilf ough hol &

in said al um num at a certaln specific location, formng a resist
portion on thﬁ)rﬁﬁﬁgla(ﬁeﬂléﬁﬁﬁﬁlagérbﬂ@aﬁlptﬁfbﬁgpmﬁ@i,l that is opposite to the
one having said porous portion at a certain specific location, formng an
i nsul ati on | aferming & throughlindlevim $aidl aluminouefoibat la ¢ertaint spacifiar f ace t hat
i's opposite to the one having said porous portion and the 6 Decenber 2005
15 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 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




i nner wall surface of said through hole, formng a solid electrolytic |ayer
on said dielectric layer, formng a through hole electrod%gﬂn sgiqx$grough
hole, formng a collector layer on said solid electrolyti’c SE8F ““For ni ng
an opening in said insulation |ayer disposed on said alumnumfoil at a
certain specific location by peeling said resist portion off, and providing
a connection termnal at said opening of said insulation |ayer and on
exposed surface of said through hole ejgctrode, respectively. 3. A nethod
for manufacturing solid electrolytic capacitor including the steps of:
form ng mmeneaibsurbide afisaid throaglhholdhe surfaces of an al umi num foi |

formng a dielectric Igger on_sai d porous_portion, formng a through hole

in said al uni foamingi sold elecgolytis layeaciaid diclacgdalaysh, form ng an

o opposi e ¢ rGE 8 RaravER e Slrarogsin s ABINE o AU AROHEIRETT
surface pf said thr ol.e,. formng a resist filmcovering the entire

sur f ace yeggp&aq%ﬁ'fig{iﬁa(g:pplp’ggi@{er, forming a solid electrolytic layer on
said dielectric I ) ; : T?A8id Rlugh h

hol e, peeli n‘g&g%[i?%glﬁgg:éfsl{nrgf’%%%?%#E?ﬂﬁgﬁr@?\égr%é%%ﬁiec; orld Iggyergginfbg%tg

sol i d el gebrighidetiflAehtiof By Pelfing Baidedbngortionsaidaidisul ati on | ayer

di sposed on sal ajyn1nun1 ( a pertajn_spepiflc_lopationz_and
v 1 5 PN PRcopnaih pimkal sparaponttye5ied e mlomeny o
Decenber a2®6h exposed surface of said through hole electrode, respectively.
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.



16 4. A nethod for manufacturing solid electrolytic capacitor including

the steps of : formng a porous portion on one of the surfaces of
alumnumfoil, formng a dielectric |layer on said porous F‘E‘*‘F‘&?ﬁfzﬁ%ﬁrm ng

a through hole in said alumnumfoil at a certain specific |ocation,
formng a resist portion on said alumnumfoil at a certain specific

| ocation, formng an insulation |ayer on said alumnumfoil to cover both
the other surface that is opposite to {f§e one having said porous portion
and the inner wall surface of said through hole, forming a resist film
covering the dntirA methodder afans&iaturing solad electriolytic capactonineduding ¢he d
electrolytic |ayer on said dielectric layer, formng a through hole

el ectrodetepsofai d through hole, peeling said resist filmoff, fornmng a

collector layer on said solid electrolytic |l.ayer,. form ng an. ning in

sai d | nsul at | GG @AIPRTRAEAN R Qeiaf tae SHRtaREm ORI foif AGMRIEAC £
| ocation b eel,i ng sai d,resi st rtion off, and providing a connection

t erm nal déc%ie‘gtglc(}a}g &ﬂ%dgprwiﬂﬁprﬁﬂgul ation layer and on exposed surface

of a1 4 hr ougly ey kAR HSIARSIAFhIn il A FRePtith (ReciFRnLl actur i ng

solid electro apaci tor "1 ncl udi hg steps of: a porous
portion Rﬂmﬁgﬁ,Of the surfaces of an alumnumfoil, formng a dielectric
| ayer on sald porous portion, formng a through hole in said al um num f oi

at a certain ¥peming & rebiR€Ppbitéon 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 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 alumi_num foil,
forming a dielectric layer on said porous portion,
forming a through hole in said aluminum foil at a certain specific

location,



6 Decenber 2005 17 formng an insulation [ayer on said alumnumfoil to
cover both the other surface that is opposite to the one gavi ng. sai d_porous
portion and the inner wall surface of said through hole, fQﬁcﬁ’inhﬁf@()?hrough
hol e el ectrode in said through hole, formng a solid electrolytic |layer on
said dielectric layer, formng a collector |ayer on said solid electrolytic
| ayer, formng an opening in said insulation | ayer disposed on said
alumnum foil at a certain specific | dFation, and providing a connection
termnal at said opening of said insulation |ayer and on exposed surface
of said throughfomiiageineinsutation layes pasaid elumingm foikte icoser both the

manuf acturing solid electrolytic capacitor_ including the steps of form ng
a porous pothersurfacedthet ¢ oppesiéete 4be vnst haying sad mororsportionsd ng a

dielectric _|layer on _said porous_portion, formng a first through hole in
sai d al um ﬂmﬂﬂ@FWﬂlSlﬂ’f&F@rQ%ﬁ&ﬁd%@@gﬁ%@ei ocation, formng an insulation

o the one havi FUHEd borBiuighor iblsh sisstrodie Thottid ofiTouER 9t thr ough
Form ng a secon®inbashlf St iclay®Y R st dRlshlt B8R "' Formng o
orouan ol = A8 SRy e S R i 9, 2 ool et
insulation |ayeg, f3Po5edoBhifd th 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.
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.



alumnumfoil at a certain specific |ocation, and providing a connection
termnal at said opening of said insulation |ayer and on osed surface
of said through hole el ectrode, respectively. 6 Decenber 5 empger 2605 The
met hod for manufacturing solid electrolytic capacitor recited in claims3
or claim4, wherein said resist filmis formed of either a photo sensitive
resin or an adhesive organic film 8. The nethod for manufacturing solid
el ectrolytic capacitor recited in cl&8m3 or claim4, wherein said resist
filmis formed by using one of the nethods anong an immersing nethod, a
spi n coating prdcesFheanstirekfopmanifagturimg solidaekecirdlytin eapasdtirng

met hod. 9. The nethod for manufacturing solid electrolytic capacitor
recited i nresitedin clasnnd ot claimdgwlgreiher ei n sai d through hole is forned

by a process where a photo-resist s applied on both.af the,surfaces, and
it is wet-etchedsaidresist fidm e%f@trged&f@lgﬁrtaep Qtp serSIyRICEHY REATY or
manuf acturing solid e|le irol ytic capacitor recited in one of clains 1

t hrough 6, agiesivg oredsiotitBy ough hole is formed by using one of the methods
anong a |aser bpeamgachi ning, ~a punchi ng .nmet hqgd Lid Lin : and an
el ectric di schagge %m&h&% @.&?HB%F@H&& ﬁocohd r‘?i%%r(&fé’f‘tﬁ ??‘g&;slgﬁdd
electrolytic. acitor ,recited,i of clainms 1 through 6, wherein said
i nsul at i ontFARE 14 glaHPcR/f)HgLalﬁ} #eﬁh%g%g of said through hole

said resist film is formed 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



I's chanfered. 12. The nethod for manufacturing solid electrolytic capacitor
recited in one of clains 1 through 6, wherein said insulation |ayer is
formed by el ectrodeposition. 13. The nethod for nanufactu Hﬁ GQE%#@O5

el ectrolytic capacitor recited in one 6 Decenber 2005 19 of clains 1
through 6, wherein said insulation layer is consisting of a first |ayer of
an insulating resin and a second layer of an insulating resin fornmed by

m xing a micro gel, carbon particles &fd titanium oxide particles,

el ectrodepo sited. 14. The nethod for manufacturing solid electrolytic
capaci t orofrcéaimsddthrouging, wbereikai ms 1 t hrough 6, wherein said through hol e

electrode is fornmed hy first filling.said through hole.with. a conducting
adhesi ve substéﬁgeénélﬁﬁtlf’%é‘iﬁ“’él}ﬁ CORSIFHNE @ ?t#ﬁ%luag@’ﬁﬂ 81111%5“& Fed ﬁ’f‘ﬁ?ﬁg
solid electro] ytic gapacitor. reci.t in,ene .of clai. t . yherein
sai d operFrPd @¥FHP W“‘%@Pﬁde%ﬁﬁ’éﬂe AL Ng L R Cé?lh?%rga%grpag‘tw%
grindi ng thod : o] cturing solid electrolytic
capaci to_raHrael,_ t'gg%lgﬁldgmeg’ %rc&géd%#gf&h said opening is forned by the
process in whigh Phd fikidd ﬂﬁrxhanﬁﬁaaﬁringrs@nw&tﬂﬂyﬁ@eam&t@ymwafiameof
said alumnumfoil prior to formation of said inSulation |layer, and then

sai d resipftclam@ktli thiough ecwhekiwf f after said collector layer is forned.
17. The nethod for manufacturing solid electrolytic capacitor recited in
said through hole electrode is formed by first filling said through hole with

e

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



one of clainms 1 through 6, wherein said connection termnal is fornmed with
a conducti ng adhesi ve substance. 18. The nethod for manufacturin % lid
el ectrolytic capacitor recited in one of claims 1 throug ?CCWIPS‘?%q sai d
connection termnal is formed by an electroplating or an el ectrol ess

pl ating. 19. The nethod for manufacturing solid electrolytic capacitor
recited in one 6 Decenber 2005 20 of clains | through 6, wherein said solid
el ectrolytic layer is forned of a conp@gite material containing at |east
one anong a a el ectron conjugated polyner and a conducting pol ymer ot her

t han t hatof dBimd bdhrmighofl whereimnuf act uring solid el ectrol ytic capacitor
recited in one of clains 1 through 6, wherein said solid electrolyte js a
conduct i ng pol patt sadidredlasyradyticedayeroris &rmedeopr aceemmpsitfoigateidal
chem cal polynerization and the el ectrol yii C ol yneri ion. 21. The

met hod f GOTHBHURECAbrieast Q6 RTRPRE! f oty B1GCTERD ACT BB i RUFTIGT %f

clainms 1 through 6, ;whereipn said. solid electrolyte is a conducting pol yner
f ormed bf%&ﬁ@ﬁflﬁé’%ly%s%@% t%‘Iajc'powdered conducting polymer, and drying
it, and then »gl ee ' | - P& : ited i

manuf act uri ngngl ilfjl{ eg*r%t(t:lé ro dg#%ﬂ%fég@gr@gébl}dgée{: egﬁﬁtﬁe&g}%guéﬁ%ﬁ% rrllél I
through Gnevdtedifirs $ahfouid 6 GvBeRAr ol yte i s manganese di oxide forned by

heat - deconposi ng manganese nitrate. :
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 electrolyté 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.



23. The nethod for manufacturing solid electrolytic capacitor recited in
one of clains 1 through 6, wherein said solid electrol yte_ is a ogﬁ ting
pol ymer formed by electrolytic polynerization after mangg eeggnﬁ?r {jl eis
obt ai ned by heat-deconposition of rmanganese nitrate. 24. The method for
manuf acturing solid electrolytic capacit8t recited in one of claims 1

t hrough 6, wherein said collector layer is formed with a carbon particle
suspensi on and a conducting adhesi ve substance. 6 Decenber 2005 21
ABSTRACT A net hod for manufacturing Iéglbg%,rﬁlpéﬁtance solid electrolytic
capacitors that can be connected dir it conduct or conponent, and 5
of fer a superior high frequency characteristic. An alumnumfoil 3 is nade
porous in one of the surfaces, a dielectric layer 2 is fornmed on the porous
portion, a through hole 4 is provigded i.n the alumnumfoil 3.,at,a ,certain
specific |ocation® methed foxr manyiackuring; largs, RRRAGHANGEY &P h@l%?rr?&uc
surface, viz. npon-porous surface, of the al.umnumfoil ;3 and the jnne

wal | sur f acearscitpps FM‘E)%%%%F@QEC@‘%‘i Saxech vaf @P%P%#@tf’%f@*np@nleg{’;ﬂ%{/i ded
on the dielectric |ayer 2, nd a through hole electrode 7 is.fgr.ned {n the
t hr ough Shol effer, aswgerige ugh AR FHATAGIETISRIC < ATh BHER B fPéf g mpde
electrolytic layer 6. The_insulation lumnumfoil 3

i s provi dedPWOUE Enowp Ohithg Mﬁceé,&ﬁ%%%hcg]ﬁgégffga 8’%&?&0‘?{‘ t4f PoLous
5”and.t ho. cRPNEH & AR B8 Hots RFBVIIRAHS) Coeo PLERTBUE Toil 1 B JLETrOt
specific location. An insulation layel; 5 is formed to cover the other surface,
viz. non-porous surface, of the aluminum foil 3 and the inner wall surface of
10  through hole 4, a solid electrolytic layer 6 is provided on the dielectric layer 2,
and a through hole electrode 7 is formed in the through hole 4, and then a
collector layer 8 is formed on the solid electrolytic layer 6. The insulation
‘layer 5 disposed on aluminum foil 3 is provided with an opening 9 at a certain
specific location, and a connection terminal 10 is provided at the opening 9 of
15  insulation layer 5 and the exposed surface of the through hole electrode 7,

respectively.



