1. DESCRI PTION 13 May 2004 Method of Manufacturing Solid Ele¢§&%ggbb?
Capaci tor Technical Field The present invehtion relates to a net 0

manuf acturing solid electrolytic capacitors to be used in various

el ectroni c apparatuses. Background Art A structure of a conventional solid
electrolytic capacitor is described hereinafter with reference to its
nanufactﬁring s?eps. (1) Forma dieIQ@gyfﬁrPgﬁaNing on a face of a porous
section of a valve netal sheet, using one face in a thickness direction or
a core of an internmedi ate section of the porous valve netal sheet such as

al um num or tantal umgs ee( 2 a,_ collector layer on a
surface of the dieIectrbgaéggﬁﬁﬁgﬁgfggﬁg %ggk§9§§Y@%ﬁﬁ¢@FEﬁént by

provi ding an el ectrode | ayer nade of nmetal on the collector |ayer. (4)

Lam nate the capacitor elenents. (5) Gather together the el ectrode

sections of respectiyve capacitor elenents |am nated or electrode |ayers and
coupl e t hemkeshaicad Fieldhal terninal . (6) Finall'y, forman outer case such
that the external term nal can be expgsed. The foregoing conventional solid
el ectrol ytic capadit drese iipreriden Felatesc 4parimathed afdmamdestyniag solid
equi val ent sg;ies resistance (hereinafter referred to as ESR), in fact,
this capaci €dctralyhiscaragiters t be need in yaziowsalectrericannanadnses. er ni nal
simlar to other ordinary solid electrolytic capacitors. The solid

el ectrolytic capacitors, to be surface-mounted on circuit boards |ike

sem conduct onponents, are obliged to have a slow response to a high
frequency bgaé%ggg %&gﬁiesence of termnal lengths or wire | engths

A structure of a conventional solid electrolytic capacitor is described
hereinafter with reference to its manufacturing steps. (1) Form a dielectric
coating on 4 face of a porous section of a vélve metal sheet, using one face in a
thickness direction or a core of an intermediate section of the porous valve
metal sheet such as aluminum or tantalum as an .electrode. (2) Form a
collector layer on a surféce of the dielectric coating. (3) Form a capacitor
element by providing an electrode layer made of metal on the collector layer.
(4) Laminate the capacitor elements. (5) Gather together the electrode
sections of respective capacitor elements laminated or electrode layers and
couple them to an external terminal. (6) Finally, form an outer case such
that the external terminal can be exposed.

The foregoing conventional solid electrolytic capacitor can increase its
capacitance and reduce its equivalent series resistance (hereinafter referred
to as ESR), in fact, this capacitor is mounted to a circuit board via the external

terminal similar to other ordinary solid electrolytic capacitors.

The solid electrolytic capacitors, to be surface-mounted on circuit
boards like semiconductor componenfs, are obliged to have a slow response to )

a high frequency because the presence of terminal lengths or wire lengths



13 May 2004 2 increases ESR and equival ent series inductanceujﬁgygob an
actual circuit. In order to overcone the problem di scussed above, " both of
an anode and a cathode are placed on a surface of a solid electrolytic
capacitor so that sem conductor conponents can be directly nounted on the
surface, and as a result, ESR and ESL can be |owered. Such a solid

el ectrolytic capacitor discussed above is froposed. Di scl osure of the

| nvention The present invention ains to provide a nethod of manufacturing
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conprising t | g r.q0f . etching one face of the valve netal
sheet for prgﬁ%@sﬁg&%bg‘éégf%%@?g ion; 13 May 2004 2a

Disclosure of the Invention

The present invention aims to provide a method of manufacturing the
solid electrolytic capacitors that can be directly connected to semiconductor
components and have a larger capacitance as well as faster-response to a high

frequency.

Iﬁ accordance with an aspect of the invention, there is provided a
method of manufacturing a solid electrolytic capacitor, the method including:

a dielectric forming stage where a dielectric coating is formed on
porous surface of a valve metal sheet undergone a porous treatment,

an element forming stage where a solid electrolytic layer and a
collector layer are formed on the dielectric coating, and

a terminal forming stage where a connecting terminal to an external
electrode is formed,
wherein the dielectric forming stage comprising the steps in the order of:

etching one face of the valve metal sheet for producing a porous

section;



formng a first resist filmon the face having the porous section; formng
a through-hole on the porous face at a given place; fornming a3May2004ti ng
filmon another face, i.e., non-porous face of the valve netal sheet and
on inner wall of the through-hole; and formng a dielectric coating after
the first resist filmis renoved, wherein the elenent form ng stage
conprising the steps of: formng a solid ekectrolytic |ayer on the
dielectric coating; formng a through-hol delectrode in the t hr ough- hol e;
and formng a collector |ayer on the solid electrolytic |ayer; wherein the
termnal formng stage conprising the steps of: formng an opening at a
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an al um num foi | C capac presen
Invention.  wherein the element forming stage comprising the steps of:

forming a solid electrolytic layer on the dielectric coating;

forming a through-hole electrode in the through-hole; and

forming a collector layer on the solid electrolytic layer;
wherein the terminal forming stage comprising the steps of:

forming an opening at a given place on the insulating film formed on
the another face of the valve metal sheet; and

forming a connecting terminal on exposed faces of the opening and the

through-hole electrode.



Fig. 5 shows a sectional viewillustrating a status where thrpﬁjg,g- I@g{)bfes
are formed at given places on the alum num3foil of the solid electrolytic
capacitor of the present invention. Fig. 6 shows a sectional view
illustrating a status where insulating filnms are formed on a flat face
(non-porous face) of the alumnumfoil and on inner walls of the

t hrough-hol es of the solid electrolytic capacitor of the present

i nvention. Fig. 7 shows a sectional viewillustrating a status where a
dielectric coating is formed on the porous section of the alum numfoil of
the solid electrolytic capacitor of the present invention. Fig. 8 shows a
sectional vi BuiéfiDesripdiomgf thesDatwsnghere a solid electrolytic layer is
formed on the dielectric coating on the alum numfoil of the solid

el ectrol ytic capadiig.ot sbbwshe perepesiivd miconof ensolid gledralytinscapastot iofridie

view illustrating a status where through-hole electrodes are formed in the
t hr ough- hol epredfenthavenliion. el ectrol ytic capacitor of 4 13 May 2004 the
present invention. Fig. 10 is a sectional viewillustrating a status where

t hr ough-hol e el eflig.odeshawse af eectiandlnvieme of e saljl- dlekbelydic chpasivdi of the
el ectrolytic capacitor of the present invention. Fig. 11 is a sectional
vi ew il | ust r pré¢segtanveniion. where openings are forned on the insulating
filmof the solid electrolytic capacitor of the present invention. Fig. 12
is a sectional vi&ugidishewsaan eglarasdasagsionadvéew dfomessdntipl partnefivalsolisl
formed on the opening of the solid electrolytic capacitor of the

electrolytic capacitor of the present invention.

Fig . 4 shows a sectional view illustrating a status where a resist film is
formed on a porous section of an aluminum foil of a solid electrolytic capacitor
of the present invention.

Fig. b shows a sectional view illustrating a status where through-holes
are formed at given places on the aluminum foil of the solid electrolytic
capacitor of the present invention.

Fig. 6 shows a sectional view illustrating a status where insulating
films are formed on a flat face (non-porous face) of the aluminum foil and on
inner walls of the through-hole_s of the solid electrolytic capacitor of the
present invention.

- Fig. 7 shows a sectional view illustrating a status where a dielectric
coating is formed on the porous section of the aluminum foil of the solid
electrolytic capacitor of the present invention.

Fig. 8 shows a sectional view illustrating a status where a solid

~ electrolytic layer is formed on the dielectric coating on the aluminum foil of
the solid electrolytic capacitor of the present invention.

Fig. 9 shows a sectional view illustrating a status where through-hole

electrodes are formed in the through-holes of the solid electrolytic capacitor of



present invention. Fig. 13 is a sectional view illustrating a1§|(,|g%lg§ Yhere
an outer case is provided to a capacitor e enent of a solid elec ro?ytic
capacitor of the present invention. Fig. 14 is a sectional view
illustrating a status where external term nals and connecting bunps are
formed on the outer case of the solid electrolytic capacitor of the
present i nverthe presdfitgnvehtion. a sectional view illustrating a status where
aresist filmis forned on an insulating filmof another solid

el ectrol ytic capadiigorlOofs heeqiicesdntienvidastiratingFagstats iveheres éhtdugiahole
viewillustrating a status where a patternis provided to the resist film
of the anot helecttided slkedormelyini thecthpaaighdroled of the sqlidsketrdytie nhpaditorof).
17 is a sectional view illustrating a status where through-hole electrodes
are formed imhelpresmti-inebationf still another solid electrolytic capacitor
of the present invention. Fig. 18 is a sectional view illustrating a status
where a solid el edligolljtisca sdchypmal idefvoilhegdrating alisthet milkreoadiges nasn
alum numfoil of the still another 5 13 May 2004 solid electrolytic

capaci t or of formeedoastet inswlantg dilm Bf the $6lid electsdgticanpheitoewf the present
illustrating a status where an insulating film is forned on a flat face of
an al um num fwvdntaer i n t hr ough- hol es of yet another solid electrolytic
capacitor of the present invention. Fig. 20 is a sectional view
illustrating a st %ﬁgs 1@hisr @ sedficalad ctiewc illugasiing 4 sthtusrsthaor a @omesting
section of an alum numfoil of the yet another

terminal is formed on the opening of the solid electrolytic capacitor of the
present invention.

Fig. 13 is a sectional view illustrating a status where an outer case is
provided to a capacitor element of a solici electrolytic capacitor of the present
invention.

Fig. 14 is a sectional view illustrating a status where external
terminals and connecting bumps are formed on the outer case of the solid
electrolytic capacitor-of the present invention.

Fig. 15 1s a sectional view illustrating a status where a resist film is
formed on an insulating ﬁlm of another solid electrolytic (_:apacitor of the
present inventioﬁ.

Fig. 16 is a sectional view illustrating a status where a pattern is
provided to the resist film of the another solid electrolytic capacitor of the
present invention.

Fig. 17 is a sectional view illustrating a status where through-hole

: electrodes are formed in through-holes of still another solid electrolytic
capacitor of the present invention.

Fig. 18 is a sectional view illustrating a status where a solid electrolytic

layer is formed on a dielectric coating on an aluminum foil of the still another



solid el ectrolytic capacitor of the present invention. Fig. 24;js 3004
sectional viewillustrating a status wheresa solid electrolytic Iyayer on
the dielectric coating on the alum numfoil of the yet another solid

el ectrolytic capacitor of the present invention. Fig. 22"1s a sectional
view illustrating a status where second through- holes are formed in the

i nsul ati ng fisbhdefedthdytietcapncitheof tid presenddnverityéonnc capacitor of the
present invention. Description of the Preferred Enbodi nents. The

manuf act uri ng met fRig. B9 i4 Asephesahviewmibrstraimg ergiaisewhehe anfiositatimg film
steps: formng a resist filmon a porous section of alumnumfoil, then
form ng throtdgHeimbésomta dlatefacel af es; ahndifwnnfamly ands i dthiroyghiiales of yée
remai ni ng face (non-porous face, and hereinafter referred to as a flat
face) and i namothal sdidélethwlytic cagdeitol efdhe riesent Brvewitiogr.t he resist film
then formng a dielectric coating on the porous section. A set of steps
hitherto di scussedigs 20efierr edctionals vievst dlgestoftifg raristgtwh etlener acdielestaic
this stage is followed by the steps below. formng a solid electrolytic

| ayer on thecdaighgdsformedam agiorohemseaiian ofn 2boitwnnforlgofathehyetughotivie
el ectrode in the through-holes; and formng a collector layer on the solid
el ectrol yti c sbhgelectrolsgtic capasitepsf the prasevt divenideed is referred to as a
stage of formng elements, and this stage is followed by the steps bel ow

Fig. 21 is a sectional view illustrating a status whexre a solid electrolytic
layer on the dielectric coating on the aluminum foil of the yet another solid

electrolytic capacitor of the present invention.
Fig. 22 is a sectional view illustrating a status where second through-
holes are formed in the insulating film of the yet another solid electrolytic

capacitor of the present invention.

Description of the Preferred Embodiments.
The manufacfuring method of the present invention comprises the

following steps:

forming a resist film on a porous section of aluminum fbil, then
forming through-holes at given places; and |

forming insulating films on the remaining face (non-porous face, and
hereinafter referred to as a flat face) and inner walls of the through-holes;
then

removing the resist film; then

forming a dielectric coating on the porous section.
A set of steps hitherto discussed is referred to as a stage of forming dielectric,
and this stage is followed by the steps below:

forming a solid electrolytic layer on the dielectric coating; then



form ng openings at given places of the insulating filmon thﬁiﬁﬂ%ﬁﬁooi ace
of the alumnumfoil; and form ng connectimg termnals at the openings and
on the through- hole electrodes. A set of steps hitherto discussed is
referred to as a stage of formng termnals. The present invention allows
the solid electrolytic capacitors to be directly coupled to sem conductor
conponents, and proviodesng artimougbtlwle mdectnedodthathrovmb-heleaf amd ure with
ease the solid electrolytic capacitors excellent in high frequency
characteristics. A viridhg sofolbetdi lsaer onsthefsolst dpstrolytic lyddl e st ream of

t he manufacturing-flow will produce various advantages. Sone of those
advant ages aresdti aftsselph bithertd disctisgeahispredenaet] toald 8 shgr of frptiagfalememesng

formed on the flat face of the alumnumfoil, so that an anode and a
cat hode are podithivetagesisfallawed by the stepshelgyievent the through-hol e
el ectrode fromextending off the flat face of the alumnumfoil, and al so

prevent the solid elfrmpgyapeningsnabefiven placaseef tlso inhdatingefibmade thadlathe
cat hode are positively separated. 3. A nunber of openings can be forned at
a tinme. 4. Rédeadthetatuofinume foiksandti on bet ween the t hrough-hol e

el ectrodes and the alum numfoil can be strengthened. A use of

phot osensi ti ve resi nfosming gannectaipdsrméndls| at bhe openingsnmiund onhthe theugh-
pl aces agreeing with the through-holes by patterning, or positively
prevents thehples¢leetrbdesn entering the through-holes, so that a solid
electrolytic layer is formed on the dielectric coating and in the

t hr ough- hol eé seh of gtenghidhertpalineyssedoa raferned to fis povtaga 9f fawning tarminads
be selected from irggegiés%%t iszfxier;{tfo%atahg%s the solid electrolytic capacitors to be
directly coupled to semiconductor components, and provides a manufacturing
method that can manufacture with eaée the solid electrolytic capacitors
excellent in high frequency characteristics. A variety of combinations of
steps in a middle stream of the manufacturing-flow will produce various
advantages. Some of those advantages are listed below:
1. Itcan pfevent solid electrolyte from being formed on the flat face
of the aluminum foil, so that an anode and a cathode are positively separated.
2. It can prevent the through-hole electrode from extending off the
flat face of the aluminum foil, and also prevent the solid electrolyte from being
formed, so that the anode and the cathode are positively separated.
3. A number of openings can be formed at a time.
4. Reliability of the insulation between the through-hole electrodes
and the aluminum foil can be strengthened.
A use of photosensitive resin or organic adhesive film allows forming
holes at places agreeing with the through-holes by patterning, or positively

prevents the resist from entering the through-holes, so that a solid electrolytic

layer is formed on the dielectric coating and in the through-holes. A suitable



screen-printing, or filmbonding, depending on the resist to f?MHf§§b4so
that resist filmcan be positively formed7n the insulating layéer.
Photoresist is applied to both the faces before patterning, and the

t hrough-hol es are forned by wet-etching, so that a nunber of through-holes
can be forned at a tinme through a sinple process., A suitable nethod of
form ng t hr ompihed dsfosmingarestat e camy benselossed Buam IMBRFHPRg SPPURRHILAG,
drilling, or electrical discharge machining, depending on a dianmeter and
the number @ﬁreteneprtlnmggwrﬁ&mgﬁpném,r@ﬁpemdéng [protleh TeiFe o danusssl, fsor Heat
at a |ower cost. Edges of the through-hol-es on the porous face of the

al um num f oi resighfillvecaghbarpesidtyedy formerd pndbennewiatinglayer. def ective

i nsul ati on can be_reduced. A use_of electro-deposition nmethod for formng
an insul ating fil Mhaterastst iorppligdata hothi thalfagesnefarpnpakterningsi sl ethe
process. This_ el ectro-deposition nethod forns an insulating resin as_the

first layer, thrpugirbeles aneefosmeshlly webyelichingiesc thah 2 quunber af theaygh-holes

produced by m xing mcro-gel, carbon fine particles and fine partic|es of
titani um oxi 680 he feriraed afopdéme farqughse simple progeshi nAasiitable meathgd of
resistivity and the second |l ayer can substantially cover edges, so that

the filmis fommag throngh-helps @anqhw@méﬁomslaée?%@am m 1igh PHNSHIRE,

filmon the inper wall_of the through-holes, has,a | qw defectjve insulation
rate. After pet Py eloghrigal dischargs machining, Hiep@ﬁﬁ%ﬁnwdé%mﬁmr and theng

t he through-hol e el ectrodes, se of cyrin t hod_c produgce _, capgcitors
with a sinpl 849 e%ét%éﬁm‘&a"g‘f)&ﬁu@?i %&ty&eszwgé-ﬁ&@ﬁé&qﬁe formedmt ias
formed, a resist filmis forned on the entire face where an insulating
filmhas beetPTh: then solid electrolytic layer is formed on the
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be chamfered off, so that the number of defective insulation can be reduced.

A use of electro-deposition method for forming an insulating film aliows
forming a t}ﬁn insulating film with a simple process. This electro-deposition
method forms an insulating' resin as the first layer, then forms the second
layer made from insulating resin produced by mixing micro-gel, carbon fine
particles and fine particles of titanium oxide. In other words, the first layer
is thin and has a high resistivity and the second layer can substantially cover
edges, so that the film is formed with a uniform thickness. As a result, the
insulating film on the inner wall of the through-holes has a low defective
insulation rate. After conductive adhesive is filled in the through-holes for
forming the through-hole electrodes, a use of curing method can produce
capacitors with a simple process and high productivity.

After a dielectric coating is formed, a resist film is formed on the entire
face where an insulating film has been formed, then solid electrolytic layer is
formed on the dielectric coating before the resist film is removed. This_

method prevents solid electrolyte from being formed on the flat face of the



8 13 May 2004 alum numfoil, thereby positively separating arﬁaamgﬂ%o@zpd a
cat hode. There 1is another way to separate8t he anode fromthe cathode:
After a dielectric coating is fornmed, a resist filmis forned on the
entire face where an insulating filmhas been fornmed, then a through-hole
electrode is fornmed in the through-holes before the resist filmis

renmoved. Thi slumitea foilebbetedy pdstivelyosaparhting a1 espfedad a eatlodeenditnepe
off the flat face of the alum num foil as well as solid electrolyte from
bei ng for nedianphleerf ety tacepasate hbe anwle fooddhanchthiedec dtftrade diedectric
positively separated. A use of |aser-beam-machining or grinding wth the
optim zed outgaiing cien fdned,t e regiehifiigs s formeed con Bdleoeativa faneumechdrag an
filmis formed, a resist section is formed on the flat face of the

al um num f oi insatlatingi filbn lptsabeon ftigned, theyl heBtronghdyde dlectiroderds fohedean
the resist filmis renoved. This nethod can form a nunmber of openings with
ease at a titlee thrasgh-bblasobefiore ithe resimdsiiloe isremaovedng Bhisonatied pgevents
term nal achi eves excellent productivity. A use of electro-plating or

el ect r ol ess- phathrepglaholoelectiwdeufrbar esternddngedt ithe ftadr facadisthet abmpimmem A
use of a con‘g}qsition fornmed of conductive polyners including a conjugated
pol ymer cont &ihragvell ps-selidcaleeimobide fromthaingiformed anethrfla facq, setthal yiiec

| ayer can forma solid electrolytic capacitor having a |ower ESR and being
nor e t her nosanpdeand thecaghodnene pasitiyely aeparededon or el ectrol ytic
polimerization realizes excellent productivity. Still other nethods are
avai | abl e as fol | dwase gfidasesdiesin gnaplindes osfenindmmwdth $he opéimpired eutput
applied and dried, then the conductive polyner is formed by, electyolytic
pol yneri zat i @ar}%%réntthappgm%w ased i Rroaninrdatingdizy it %'eleéfaﬁl resist

section is formed on the flat face of the aluminum foil at a given place, then a
collector layer is formed before the resist film is removed. This method can
form a number of openings with ease at a time.

A use of conductive adhesive in forming'a connecting terminal achieves
excellent productivity. A use of electro-plating or electroless-plating can form
a number of connectihg terminals at a time.

A use of a composition formed of conductive polymers including a
conjugated polymer containing a pi-electron as a material for the solid
electrolytic layer can form a solid electrolytic capacitor having a lower ESR
and being more thermostable. A use of chemical polimerization or
electrolytic polimerization realizes excellent productivity. Still  other
methods are available as follows: Suspensioh of powder of a conductive
polymer is applied and dried, then the conductive polymer is formed by

) electrolytic polymerization, so that stress applied to the dielectric coating can
be reduced. Manganese nitrate is pyrolized (heat decomposition) to form
manganese dioxide, so that solid electrolytic capacitors can b_e manufactured

positively by an established technique. Manganese nitrate is pyrolized theat



be reduced. Manganese nitrate is pyrolized (heat deconpositi ofgpma02b@4m
manganese di oxi de, so that solid electroly®%i c capacitors can be

manuf actured positively by an established techni que. Manganese nitrate is
pyrolized (heat 9 13 May 2004 deconposition) to form nanganese di oxi de,

t hen the conductive polynmer is formed by electrol ytic polynerization. A
col | ector isdecompdsibipnd tesforof nsusgemsicodiosidd,i Hempshe icohdycve qalpmeraid
by conductive adhesive, so that a solid electrolytic capacitor having a

| ower ESR t hfrmebbheledodlyticaldymesization. capacit or in whi ch conductive
adhesive is directly applied to solid electrolyte. The solid electrolytic
capacitor of the gredleeton is/fnieshbyrad use wétssgensionneniime deaticles afhearbame
are denpnstrated hereinafter with reference to the acconpanying draw ngs.
Exenpl ary Enbodi e rnonduttize fadissiexespithaly seaplodiatestrolysicdesnanitarahaving tah
reference to Fig. 1 through Fig. 14. Fig. 1 shows a perspective view of a
solid el ectr bdwei ESBaplas t rother asdtst ddecteoliitich capacitor dn whbelli cpmetucsive
the present invention. Fig. 2 shows a sectional view of the solid

el ectrol yti cadhpsivetio diregily. aplaatbtgssolihelestrolyfed sectional view of an
essential part of the-solid electrolytic capacitor. First, a structure of
sheet-1i ke capaci {lthe ssilishelactroliic ¢anaciiossdithe presesrtingantigngasta mpeidhod of
follow ng its manufacturing steps. Etch one of the faces of al um num foi
2 to forma prwifeckuing dhe(saneapefdesmonsiratadehetainalier yoth referenes ¢a the,
then formresist film4 on the porous section. Next, form through-holes 5
i n al um num ReEAMPARYIN dﬂ‘éﬂ‘ﬂﬂgéces, then forminsulating filns

Exemplary Embodiment 1

The first exemplary embodiment is demonstrated with reference to Fig.
1 through Fig. 14. Fig. 1 shows a perépective view of a solid electrolytic
capacitor in accordance with the first embodiment of the present invention.
Fig. 2 shows a sectional view of the solid electrolytic capacitor. Fig. 3 shows
an enlarged sectional view of an essential part of the solid electrolytic
capacitor. -

First, a structure of sheet-like capacitor element 1 of the present
invention is described following its manufacturing steps. Etch one of the
faces of aluminum foil 2 to form a porous section (hereinafter referred to as
porous section 3), then form resist film 4 on the porous section. Next, form
through-holes 5 in aluminum foil 2 at given places, then form insulating films
6 on the non-porous face (flat face) and on the inner walls of the through-holes.
Remove resist film 4 and form dielectric coating 7 on porous section 3. Then
form solid electrolytic layer 8 on dielectric coating 7 before through-hole
electrodes 9 are formed in through-holes 5. Next, collector layer 10 is formed
on solid electrolytic layer 8. Fiﬁally, fprm openings 11 on insulating film on

the flat face at given places, and form connecting terminals 12 at exposed



6 on the non-porous face (flat face) and on the inner walls ofs {62004

t hrough-hol es. Renove resist film4 and foedm diel ectric coatling on
porous section 3. Then formsolid electrolytic |ayer 8 on dielectric
coating 7 before through-hole electrodes 9 are formed in through-holes 5.
Next, collector layer 10 is formed on solid electrolytic layer 8. Finally,
f or m openi ngdades dropemsugall agdithrongh-haléeldctendesdbe at gi ven pl aces, and
formconnecting termnals 12 at exposed 10 13 May 2004 faces of openings 11
and t hrough- hol e déhevideodaterocaser by iotetloaiatershfarces amh colectpatleyer 10acesl
and col l ector layer 10, and formfirst external termnal 14 and second
ext ernal ter forml fit§, ewbemel teerminahl1441d sebend raxdainsl éoupivd €8, where
alumnumfoil 2 on outer case 13 and terminal 15 is electrically coupled
to col | ect or teempenalldd iTiedectiicaly coompéed itn@luminpm feil hon wrterasaghs lhaid
el ectrodes 9 and connecting termnals 12, so that a solid electrolytic
capaci tor i s teuninal 1% isealedtarallyi coyphet trocblisctahlayenilDd  dhemt fosmyednnecting
capacitor of the present invention is detailed hereinafter with reference
to Figs. 4 -bumps 18sbothhowbhiqugh-holedeleotrodes Soandt connettang dermiralghledl sind
the one face beconmes porous. Resist film4 is formed on porous section 3.
A suitabl e mthabd sobifl eleetrolyiig capacitesisbuiltl m can be sel ected from

i mrersion, spin-coating, screen- printing. Photosensitive resin is applied
to porous sectionB mgnufa@tmmgh@leﬁ@deggiﬂxy @@hﬁoébﬁcﬁmctwmi'nofsthe
dried, thereby obtaining resist film4. Organic adhesive film can be used
as resist fi paespntmvenfioncisséetailed; h@reﬁm&emmt}% reforpaee 6o §igsohis ddct ifen

3 by a fil mbonding nmethod. Next, as shown in-Figq. 5, through-holes 5 are
formed on al §hewonin diig. 4, cae ¢f beth ,sﬁacféﬁes Am@gneé% erdntharenfdldce HecPBred a

nunber of through-hales 5 .. ) :
porc?us. Resist film 4 is formed on porous section 3. A suitable method of

forming the resist film can be selected from immersion, spin-coating, screen-
printing. Photosensitive resin is applied to porous section 3 by one of the
forégoing methods, then the resin is dried, thereby obtaining resist film 4.
Organic adhesive film can be used as resist film 4. In this case, resist film 4
is formed on porous s;ection 3 by a film bonding method.

Next, as shown in Fig. 5, through-holes 5 are formed on aluminum foil 2
at given places. A wet-etching method can form a number of through-holes 5
at a time. Laser-beam machining, punching, drilling or eléctric discharge
machining is suitable to form through-holes 5 in any materials with accuracy,
and can form through-holes 5 as fine as not more than 100 x m across.

In the case of using the wet-etching, first, form resist film having
openings for through-holes on both the faces of aluminum foil 2, then form
holes by the wet-etching before the resist film is removed, thereby forming
through-holes 5 Further, chamfer the edges of through-holes 5 on porous
section 3 of aluminum foils 2 by the wet-etching, so that reliability of

insulating film 6 later formed is increased.



at a time. Laser-beam nmachi ning, punching, drilling or electrfyMg%gg@@rge
machining is suitable to formthrough-hol e$l5 in any materials with
accuracy, and can formthrough-holes 5 as fine as not nore than 100 j in
across. In the case of using the wet-etching, first, formresist film
havi ng openings for through-holes on both the faces of alum numfoil 2,
then form hol es BYextheswdova: thithg Hefosreinndatiagicet iy am ededtangoresition
t hereby form ng_ through-holes 5. Further, chanfer the edges of )

t hr ough- hol e®&hed, potbat ingdatingriilm §F can beifatmetom thoflgy fagpof aluminum
wet -etching, so that reliability of insulating film6 later fornmed is -

i ncreased. 1foil 2 avayeHoovomgle inegy: wabwefithrengh-helest»r nT he elgcdre-degpedibiorpy
an el ectro-deposition nethod, so that insulating film®6 can_be forned on

the flat facaethodioam feum a figiel ared yoifeem fikm, snthatdnsulatingfilost dpes not fill

t hrough- hol es 5. The el ectro-deposition mnethod can forma fine and uniform
film so thatwpiendigeaholed,hiutrmogeroeslyfdie ey walh. entire hole 5, but
covers only the inner wall. There_is sone possibility that jnsulating film
6 is thinly fornmedheredygese porsibaibuhatissuiating flnifbisgdalydoamed at edges
dielectric coating 7 is fornmed, chanfering. .the edges is effective tq solve
this probl enphHeronedoheles Oeem bhe fwwb&x%alelwrmaﬂgatmtgyT iHgregs chamfering

i nsulating resin rod,uceg by m xi ng mc¢r.o-gel, fine- partjcles of, carbon
and fine- par the |edgesris; pHaefiventoxselee s serabdemsr Radsale; Hsreasns; yidatign

ci1 oot i vel y. Takbiliter oFgerheh SaRUlANRG G aropNethdBl TR RGPy Re
her cby i nePaRdrRg of cor Seb s ey e PRECISS o ian FReoHtiE: Ehgel Brlenalebeipe
l OW, and suitable for covering edges, is electro-depositioned, thereby solving the
problem more effectively. |
The micro-gel discussed above is produced by adding polymeric
particles having particle size of not more than 10 z m to a polymer, thereby
increasing a viscosity of the polymer. The micro-gel is hard to flow and
suitable for coveriﬁg edges; however, in the case of i)roviding electro-
deposition on the inner wall of through-hole 5 as fine as less than 100 um
across, more careful process is required because the mixed resin suitable for
covering edges sometimes makes the electro-deposition layer thick enough for
. through-hole 5 to be filled up with the mixed resin. Thus the process of
forming insulating film 6 by electro-desposition is split info two steps. First,
provide thin resin of high resistivity aé a first layer, then provide insulating
resin formed by mixing micro-gel, fine particles of carbon and fine particles of
' titanium oxide, those materials suitable for covering edges, as a second layer.
As a result, insulating film 6 of fewer insulation defects is formed on the inner

wall of through-holes 5.

Next, as shown in Fig. 7, after resist film 4 is removed, anodizing in



suitable for covering edges; however, in the case of providi ng @hesdo-
deposition on the inner wall of through-hol2 5 as fine as | ess than 100 p.
m across, nore careful process is required because the m xed resin
suitable for covering edges sonetines makes the el ectro-deposition |ayer

t hi ck enough for through-hole 5 to be filled up wwth the m xed resin. Thus
t he process efidif qokikigni adewationying| debediyicetmding -deospositiomeriBospBi of
into two steps. First, provide thin resin of high resistivity as a first

| ayer, then phowigiemi foslul.at Then asedionw: ox ifegl Hysohidélagtrolticolayelr 8 iksifoemed
particles of carbon and fine particles of - titanium oxide, those materials
sui t abl e for opolietdotiricegéisig Zs Thiwdayer Bageiormedsby fomwing a polyuhet layer
filme6 of fewer insulation defects is forned on the inner wall of

t hr ough- hol egsBig Resanjugsteshpolymer Fogtaidingft pr-eleetiont sfich msdpolypyerode ext;
anodi zing in 12 13 May 2004 acidic solution allows formng dielectric
coating 7 onpplntbinpheset rod/a@ sofompbsifionuimehwlingZonthetive poktoers otheFithans,
solid electrolytic layer. 8 is formed on dielectric coating 7. This layer 8
i s formed bythegendisgussedoilyoverthraygh chemingl ar eleafuodpiie gohohereationnt Sohidng
a pi-electron such as polypyrrole or polythi ophene, and/or a conposition

i ncl udi ng coalégbrolytic daygmsr ear tieeforntesh byt ¢lesroliitic polsuaexipationt oy bugmly
chemical or electrolytic paolymnerization. Solid electrolytic |ayer 8 can be
formed by el ekemigalt pelypoesiratipnanfien bhe bgonshugpive polymer ol Bieeedatadi by
after the conductive polyner is pre-coated by = chem cal polynerization._ The
conductive p@hwalcmlmen@ama- by'ﬂl@I é@ﬂﬂ@ﬂ?ﬁ?c Ppb[l"-?m‘arpélat bon famed bie
suspensi on of, powder. of _the conductjve _polyner is applied and dried, or
manganese ni elegtrolytic pobrmgrizatgniaitey she spepapsio wdex pbithe (ppdastive

form ng manganese di oxi de, .then §he ) ..
g gpo ymer is appfied ang é.ued, or manganese nitrate is impregnated before

thermal decomposition, thereby forming manganese dioxide, then the
conductive polymer can be formed by electrolytic polymerization. There is
another established technique to form solid electrolytic layer 8: Manganese
nitrate is thermally decomp;)sited to form manganese dioxide. This method
can produce a fine électrolytic Iayér, and adjust a thickness of the layer
arbitrarily, so that the productivity and reliability can be improved.

As shown in Fig. 9, the step qf forming through-hole electrode 9 in
through-hole 5 is described. As a material of electrode 9, conductive adhesive
formed by mixing conductive particles such as Ag paste and Cu paste, is ﬁﬂed
into through-hole 5, and then cured.

As shown in Fig. 10, collector layer 10 is formed on solid electrolytic
layer 8. Collector layer 10 is produced by laminating carbon layer and Ag-

- paste layer with conductive adhesive of which major components are
suspension of carbon fine-particles and Ag-paste. This structure allows
drawing electric-charges more efficiently.

As shown in Fig. 11, openings 11 are formed at given places on



conductive polynmer can be formed by electrolytic ponnerizatLQﬂwaJ%g&p S
anot her established technique to formsoliiBelectrolytic |ayer 8: nganese
nitrate is thermally deconposited to form nanganese di oxi de. This net hod
can produce a fine electrolytic layer, and adjust a thickness of the |ayer
arbitrarily, so that the productivity and reliability can be inproved. As
Shown i n Fl gineilating e wieppsediong henflatiften) duatiasem deid 2owith YAC laser

t hrough-hole 5 is described. As a material of electrode 9, conductive
adhesi ve f opracsiydiviginethednddoether pathod fasfosmdng apengngmdl és.dedoom a
paste, is filled into through-hole 5, and then cured. As shown in_Fig. 10,
col | ect or | ayesistigectionf af firgt @nagivén péacscen bhe flas fateaglealugninggn fed Zothen

| ayer 10 is produced by |am nating carbon |ayer and Ag- paste |layer with
conduct i ve afivesceldecspr ldsterhlhbglore therpesishserctinneis ropapiess aad bnallpnremeve
fine-particles and Ag-paste. This structure allows draw ng

el ect ri c- chathpetesi®h en &h¢ gitveanplage. As shown in Fig. 11, openings 11 are
fornmed at given places on 13 13 May 2004 insulating film6 prepared on the
flat face of al uniNewxh dvshownintligyAs cennacting teanypphd?ig fompedon wsposhdr
met hod for form ng openings 11 is, to forma resist section at first on a
gi ven pl ace fasetimeopeningr bk of ansulatingfilmr 6ihy psinghemne of sorfustive addesregier
10 before the resist section is renoved, and finally renove the resist on
the given plelestroptating g% elgcsyplessiplatinNg.12, connecting terninal 12 is

formed on exposed__face in opening 11 of insulating film®6 by using one, of
conducti ve adhesi ¥ien as o g Hig.nkd, suter easer b Bsasdeptfram FRPEYTHASHL O ;

in Fig. 13, auter se 13.made from epoxy resin,.good for )
g electrica ainsu}atlon and resq]e,ta%ceyto ﬁun:Hdltgr, ?s formed around capacitor

element 1 for protecting eiement 1 from external stress, thereby increasing
the reliability. Next, as shown in F1g 14, first external terminal 14
‘electrically coupled to aluminum foil 2, and second external terminal 15
electrically coupled to collector iayer 10 are formed on outer case 13, so that
capacitor element 1 is completed.

It is desirable to form connecting bumps 16 on connecting terminals 12
and through-hole electrodes 9 in order to increase the connecting reliability
between the capacitor and semiconductor components or -electronic
components. |

The ﬁnethod discussed above can readily produce the solid electrolytic
capacitors that can be directly connected to semiconductor components and

have a faster response to a high frequency.

. Exemplary Embodiment 2
The second exemplary embodiment of the present invention is
demonstrated hereinafter with reference to Fig. 15 and Fig. 16

Etch one of the surfaces of aluminum foil 2 to form a porous section



el ectrical insulation and resistance to humdity, is forned aﬁ?MBgZOO4
capacitor elenment 1 for protecting eleneni4l from external stress, thereby
increasing the reliability. Next, as shown in Fig. 14, first external
termnal 14 electrically coupled to alumnumfoil 2, and second external
termnal 15 electrically coupled to collector |ayer 10 are formed on outer
case 13, so t(lh%nem@ﬁp?a@e{e@recblt@r@nporqus $@tw@w§),e&){m form iresige ilrm il en tthe
form connecting bunps 16 on connecting termnals 12 and through-hole

el ectrodes 9pPprows dection | Mexéadermhdovghdealendd rinl plphinum fakidvesngivien
capaci tor and_sem conductor conponents or -el ectronic conponents. The

nmet hod di scupdraesablove foun ineswlditing flmdcentthe rmul-paralsefoce dfipt ifgce) and on
capacitors that can be directly connected_to sem conductor conponents and
have a fast ethe éspeinsallscofdtbvpyshihades éncRenBxenmy sty ibnybdnddarmadivlestric
second exenpl ary enbodi nent of the present invention is denonstrated

herei nafter @pating &f en paceus sedtion 315Thede Bieps 2B tha sawaasothashdndieffavsts
of alum numfoil 2 to forma porous section 14 13 May 2004 (hereinafter
referred to amhsdimgdtsection 3), then formresist film4 on the porous
section. Next, formthrough-holes 5 in alumnumfoil 2 at given | aces, .
then form i nsul at iThgnfgal el@c@ﬁlﬁftﬁelay@ﬁBg@rf@u@efiamedl(elec&ncfca@@pga’ﬁd Anthishe
inner walls of through-holes 5, Rempve resist film4 and formdielectric

coating 7 ontigeg.oubendde drogghhnleds rotdesurban D suracresst pelid electroiztic
onting . st thean be sometimes formed on nsulsing Alm 6 prepared on the Hat tace
of aluminum foil 2. This problem can be overcome by the following methods:
- First, as shown in Fig. 15, photosensitive resin is applied on insulating film 6
by one of immersion, spin-coater, or screén—printing, then the photosensitive
resin is cured for obtaining second resist film 17. Another way is this:
adhesive organic film 6 can be used as second resist film 17. In this case, the
organic film is formed on insulating film 6 by a film bonding method. Then
as shown in Fig. 16, form holes on second resist film 17 in given dimensions at
given places corresponding to through-holes 5 by a photo-process or a
machining method.
Next, form solid electrolytic layer 8 and through-hole electrode 9 by the
same methods as the first embodiment, then remove second resist film 17, so
that solid electrolytic layer 8 is not formed on the flat face of aluminum foil 2.
As a result, an anode and a cathode can be positively separated.
Then, prepare collector layer 10 on solid electrolytic layer 8 by the same
" method as the first embodiment, and form openings 11 at given places on
mnsulating film 6 prepared on the flat face of aluminum foil 2. Then form

connecting terminals 12 on the exposed faces of opening 11 and through-hole

electrodes 9.



time, when the through-hole is not less than 80,u macross, sglid, 2004
electrolytic |layer 8 can be sonetines forpged on insulating fil m)é pr epar ed
on the flat face of alumnumfoil 2. This problemcan be overcone by the
foll owi ng nethods: First, as shown in Fig. 15, photosensitive resin is
applied on insulating film6 by one of imrersion, spin-coater, or
screen-printing, tsediscmesgphatbeyendihe gecordesixanidacyredbbdiment girovigs a
second resist film217. Another way is this: adhesive organic film®6 can be
used as secombnwsicturifg imethnd dfrthetsodidodsetrolyie capragitois, d1id the meftbodednon
insulating film®6 by a filmbonding nmethod. Then as shown in Fig. 16, form
hol es on secprevardgsisslidf éleotralytinlagiev eh fimengclung @t opagiings 13| latesformed,
correspondi ng to through-holes 5 by a photo-process or a nmachining nethod.
Next, form sebitbattleranofytind thayath8dante pbsitivgly beparadedctrode 9 by the
sanme nethods as the first enbodi nent, then renove second- resist film1l7, so
that solid electrolytic layer 8 is not forned on the flat face of alum num
foil 2. As a result, an anode and a cat hode can be positively separated.
Then, prepar Exeviplacy dmbadiererf03 on solid el ectrolytic [ayer 8 by the sane
met hod as the first enbodi nent, and form openings 11 at given places on
insul ating film 6Theepdret exemparst aembadement abflinthe mpiresant2. inVastioforis
connecting termnals 12 on the exposed faces of opening 11 and through-hole
el ectrodes 9dem®nsravhy hedinafted witds seterabor eto thig. skt oamtl ekighpl&r yrhich
enbodi ment provides a manufacturing nethod of the solid electrolytic |
capaci tors, Hhestrate majhodstens ofpa emebhed of| mansfecturng the sdide el@tralypic

reaching to openings. 11 later forned, _so that the anode and the cathode
are positivetgpa@pasinagcordance with the third embodiment.

Etch one of the surfaces of aluminum foil 2 to form a porous section -
(hereinafter referred to as porous section 3), then form resist film 4 on the
porous section. Next, form through-holes 5 in aluminum foil 2 at given
places, then form insulating films 6 on thé non-porous face (flat face) and on
the inner walls of the through-holes. Remove resist film 4 and form dielectric
coating 7 on porous éection 3. Those steps are the same as those in the first
embodiment.

Then solid electrolytic layer 8 is formed on dielectric coating 7. At this
time, when the through-hole is not less than 80 u m across, solid electrolytic
layer 8 can be sometimes formed on insulating film 6 prepared on the flat face
of aluminum foil 2. This problem can be overcome by the following methods:
As shown in Fig. 17, through-hole electrode 9 is formed in through-hole 5. As
a material‘of electrodé 9, conductive adhesive formed by mixing conductive
particles such as Ag paste and Cu paste is filled info through-hole 5, and then
cured. Then as shown in Fig, 18, solid electrolytic layer 8 is formed on
dielectric coating 7, and collector layer 10 is formed on solid electrolytic layer

8. This method prevents solid electrolytic layer 8 from being formed on the



Exenpl ary Enbodi nent 3 The third exenplary enbodi ment of the p;ﬁgg_%o
invention is denonstrated hereinafter withSreference to Fig. 17 and Af:i g.
18, which illustrate najor steps of a nmethod of manufacturing the solid
el ectrolytic capacitors in accordance with the third enbodi nent. Etch one

of the surfacges of a ug_\ggumfoijl f to forma porous section (hereinafter
referred to tﬁg%ﬁ alURIYH 83 %t hen formresist film4 on the porous

section. Next, formthrough-hol es .n al um num. foil at. giv | aces,
Then 1 orm § nsul at IFoMERrEls dreirede Ran DROTOUSrETR orip ANtk he Batdhes ofc
[ |1s of t th -hagl es... R eS| film4 df i.electri
R SR LTRGBS A R R E LT T
first mbodi t, T | l.Lectrolytic | 8 is,.f di el i
conting 7. ACCEHI&ronpnENm iR FHEGhPEI S facerinpulng Ameh  Next,
F11m o propatkeah-hal plectradild iscoriiehimRTeGRIBa1e i ah PGl etpeanbie
o ereone, 2L 185! LS AR LR TR, Ao P B o
o e, R 6L R I 08l T 0Bl
L0 15 TR R eSS 080 o B0 LB SRRATS
met hod prevents,soljd elegctyolytic,l r_8 frombei formed on the 16 13
Vay 2004 11 atvaibee throuRtEhip R erapie 3 Som exisRanes bidpedliets | o
prevented from exr(fﬂ]edn'ipl s (iflfarte Q'grlillegtatfg%(r:een I(Haces on insulating film 6 prepared on
aluminum foil 2 by YAG laser. This is the same process as the first
embodiment. Another method to form openings 11 is available: Before
insulating film 6 is prepared, a resist section is formed in advance at a given
place on the flat face of aluminum foil 2 using photo-curable resin. The resist
section is removed after collector layer is formed. Connecting terminals 12
are formed on exposed faces of openings 11 and through-hole electrodes 9.
As discussed above, the third exemplary embodiment provides a
manufacturing method of the solid electrolytic capacitors, and the method can

prevents solid electrolyte from infiltrating into openings 11 later formed, so

that the anode and the cathode are positively separated.

Exemplary Embodiment 4

The fourth exemplary embodiment of the present invention is
demonstrated specifically hereinafter with reference to Fig. 19 through Fig. 22,
which illustrate major steps of a method of manufacturing the solid
electrolytic capacitors i_n accordance with the fourth embodiment.

Etch one of the surfaces of aluminum foil 2 to form a porous section



alum numfoil 2 by the follow ng nethod: After dielectric coaid gy fobf
formed, second resist film17 is formed oh7the entire face of l?‘nl'éu?ating
film®6. Next, through-hole electrode 9 is fornmed in through-hole 5, and
solid electrolytic layer 8 is forned on dielectric coating 7, then

collector layger 10 s fornmed, on top of that._Finally, second.resist film
o ot eovolternalifeREAT) B enPotot Lo @ Cher (VIR EE B damhporous
formed on the flat face of alumnumitfojl.s as well as r ough- hol e

el ectrode 9 FREMPR 'e(r;[g%tg @’F‘P @f@“ﬁﬁ“&%%?ﬁmcﬁ}é‘mﬁ%@ﬁﬁaﬁ@ gadplgces,
gi ven pl aces, pn i.nsul.ating. film®6 pregared on alumnumfoil 2 by YAG
laser. This & e?lﬁ%”%éﬂ%“%%ﬁlﬁa@}l%@ G PP PO EATE HLAE £208) SEHCIR 5 P o
f orm openi ngs is.,availabl e: Befaotre insulating film6 is_ pyrepared, ,a
esi st sect } SrllsofE Ova@ml%ﬁ\c %mogea?%}éhlﬁﬂ&%eeg]éﬂrmrdée CHiC featingf7
alum num foil 2 usin hat o- gur e resin. The resist sectjon is renoyed
after coll ecf8r pPﬁVﬁq 51%9%?& daiﬁ‘éﬁﬁfﬂ ?P%gal{eerti%?né?’élelé‘s theser dpnthe oHrst
exposed faces_ qf enings 11 and t hrough-hole el ectrodes 9. As di scussed
above, the tﬁﬂqﬁ’dgﬁlé’%1 ary enbodi nent provides a manufacturing nethod of

T e A g
Fourth: exenpEine. BRE dticisRehie s SRRPS Fiam BUGRR Botoriantd Pirdpotylie
TP ustrare. W PE b sttt R rihaRe fa i lating fi 4 S mea Snte gt iy
o faces of B BRERGABAGEIY | PrARHLBIG, RSl IRBlie B the Mo ¥ing iéthods:

As shown in Fig. 19, insulating film 6 is formed such that the flat face of

aluminum foil 2 is entirely covered and first through-hole 5 is completely filled
up with film 6. In order to fill up through-hole 5 completely, insulating film 6
can be formed by repeating electro-deposition of insulating resin several times,
or using screen printing or potting of the insulating resin. Next, as shown in
Fig. 20, dielectric coating 7 is formed on porous section 3, then as shown in Fig.
22, second through—holeé 18 are formed in insulating film 6. This structure
prevents solid electrolytic layer 8 from being formed on the flat face of
aluminum foil 2.

Steps following the processes discussed above are the same as the first
embodiment. To be specific, after through-hole electrodes 9 are formed in
second through-holes 18, collector layer 10 is prepared on solid electrolytic
layer 8, and openings 11 are formed at given places on insulating film 6

 prepared on aluminum foil 2. Then connecting terminals 12 are formed on
exposed faces of opening 11 and through-hole electrodes 9.
As discussed above, the fourth exemplary embodiment provides a

manufacturing method of the solid electrolytic capacitors. The method can



(hereinafter referred to as porous section 3), then form reSi‘FSthagbﬂbzf' on
porous section 3. Next, formthrough-hol e$85 in alum numfoil 2 at given
places, then forminsulating filnms 6 on the non-porous face (flat face)
and on the inner walls of the through-holes. Renove resist film4 and form
dielectric coating 7. on porous_section 3. Those steps are the sane as
those in thelf§iege é‘iﬁ%ﬁé&ﬁﬁntlﬁ"lrﬁ%@htkoh)‘?té‘“@lnecftl'rl'@llﬁ ikolp apdectendes 1Hr madl
on dielectric_coating,7, At this tinme, when the through-hole is not |ess
than 80 m adt@ainumofoiliZe pad: Pravent solidasleetrglidarirpem Bennbingds dosniegs drl
insulating film®6 prepared on the flat face of aluminumfoil 2. This

probl em can kesieBEegeshihatider anedammd the cadipgde ataspasiiviely seprirgted1o,
~insulating film6 is formed such. that the flat face' of alumnumfoil 2
is entirely covered and first through-hole 5 is conpletely filled up with
film6. In order to fill up.through-hole 5 completely, insulating film®é
can be for rre&ng‘}sﬁr@}}e‘{aﬂﬁlﬁﬁl h@btro-deposi tion of insulating resin several
times, or using %‘%(rjgeen pr%gti ng or potting of the insulati ng resin. Next,
as shown in Fig. 126 maruastying ceethed disclesed e dhenpypsest sinyestiosn can
then as shown in Fig. 2, second through-holes 18 are forned in insul ating
filme. Thi sr%%Cflbétﬂg%uizaﬁ?‘éveﬁh% seb; glegtrobyticcapaeitprsy thatgcan din penrnepted
formed on the.flat face of alumnumfoil 2. Steps follow ng the processes
di scussed abgV C@Vetot sranicopdugtor; gpmponents %Pgdbﬁ"iﬁsﬁti{asﬁ%' mepepeeiteia high
after through-hole electrpdes 9 are forped in second through-hol es 18,

col l ect or | ayFEAVEBCY ESBY%EQ?@}(}&B%Q WA MEctrol ytic layer 8, and openings
11 are formed at given places on insulating film®6 prepared on al um num
foil 2. Then connecting term'nals 12 are fornmed on exposed faces of
opening 11 and through-hol e el ectrodes 9. As discussed above, the fourth
exenpl ary enbodi nent provides a



manuf acturing nethod of the solid electrol i/tic capacitors. Thes mg},l@ggdfcan
18 13 May 2004 increase insulation reliabil?ty between through-hole

el ectrodes 9 and aluminumfoil 2, and prevent solid electrolyte from
reaching to openings 11 later fornmed, so that the anode and the cat hode

are positively separated. |ndustrial Ap%iﬁl Ity The manufacturing nethod
di sclosed in the present invention can y manufacture the solid

el ectrolytic capacitors that can be connected directly to sem conduct or
conponents and have a faster response to a high frequency as well as a

| arge capacitance., 19,13 Nay .2004 CLAI 1. A net ﬁad f nuf acturing a
solid electrol yti é'ca‘éa(?‘r‘i 4" pf gmanufariyring. 18, dokg: e&“&@?@ﬁt??@‘?@ﬁ'ﬂi%

stage where a gi‘sl eCt@fuiéf coating is formed on a porous surface of a valve
metal sheet §dRE" B8 ous treatment, an el ement forming stage where a

solid electrolytic |ayer an . collector |ayer are tforned on the
di el ectric coating, andaéﬂf'garcﬁﬁ’lﬁ TR RE S AEe & %ﬁ’@ﬁ@thlcﬁﬁﬁé’gtlﬁlﬁ%rmed on
termnal to an extern%eel ectrode is.f ein the dielectric

d, .wh
form ng st ags ROGADE FurRsea Glgsdnetal shectrhds eome 4 BpHns Leapment

section; place; an element forming stage where a solid electrolytic layer and a
collector layer are formed on the dielectric coating, and
a terminal forming stage where a connecting terminal to an
external electrode is formed,
wherein the dielectric forming stage comprising the steps in the
~ order of: . |
(A1) etching one face of the valve metal sheet for producing a
porous section;
(A2) forming a first resist film on the face having the porous
section;
(A3) forming a through-hole on the porous face at a given
place;
(A4) forming an insulating film on another face, i.e., non-
porous face of the valve metal sheet and on inner wall of the through-hole; and

(A5) forming a dielectric coating after the first resist film is

removed,
wherein the element forming stage comprising the steps of:
(B1) forming a solid electrolytic layer on the dielectric coating;
(B2) forming a through-hole electrode in the through-hole;
and

(B3) forming a collector layer on the solid electrolytic layer;



(Al') etching one face of the valve netal sheet for producing @Mgﬁgbm
forming a first resist filmon the face ha¥ng the porous (A3) formng a

t hrough-hol e on the porous face at a given (A4) forming an insulating film
on anot her face, i.e., non porous face of the valve netal sheet and on

I nner wall of the throggh-,ho e; and ng%) formng a dielectric coatjng
after the first resisYherqimthe tepmanaldoripiag stage srmarisksthe stepstd” st age

conprising the steps of: (((fj%) formng a solid electrol ﬁi c layer on the
dielectric coating;, (B2) rfHYNg Ak OPEBAS Glea ElERn Mdaee PR Hhpeinsulating

t hrough-hol e; _angd (B3) form ng a col legtor |ayer o he solid electrolytic
| ayer; 20 1311 02%?%@%?@@@%@? H?Fléﬁ’ vl renlinﬁgar}s*l & ¥¥prising the
steps of: (d) form ng an ening at a given place,on the insulating .film
formed on the anot her fac@?gffn%‘ﬁgngaa\ﬁenﬁﬁ@tangsq?ef@tn}alaﬁa %}@asedoﬁtaﬁ%@fd:he
connecting term nal on exposed faces of the opening and the through-hole
el ectrode. 20Pem@gprtEhe § r‘%ﬁhjﬁﬁ@t@??“ﬁag‘?’he solid electrolytic capacitor

of claiml1l, wherein the elenent form ng stage conprises the steps in the
order of (Bl), (B2) and (B3). 3. The nethod of manufacturing the solid

el ectrolytic capagit of | 3 m.2, wherein the el enent, form ng stage
further conprises“th hg é‘b%ﬁ"f?% g%r‘ﬁ?ﬂﬁfaé’%‘é’é‘%}gn § &9 te]lePF‘%ﬂ[inHﬁthﬁ‘Qagltor of
insulating f l:iarlnmbf,fvgflgresﬁlei‘:%e(e?erln)eht ?oqgning stage comprises the steps in the order of

" (B1), (B2) and (B3).

3. The method of manufacturing the solid electrolytic capacitor of
claim 2, wherein the element forming stage further comprises the steps of:
forming a second resist film on the insulating film before step
(B1); and

removing the second resist film following step (B1).

4. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein the element forming stage comprises the steps in the order of

(B2), (B1) and (B3).

5. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein the elemept forming stage further comprises the steps of:
(B4) forming a second resist film on the insulating film before
: step (B2), and |
(B5) removing the second resist film,

wherein the element forming stage comprises the steps in the order of

(B9), (B2), (B1), (B3) and (B5).



removing the second resist filmfollowng step (Bl). 4. The aﬁnggzgé

manuf acturing the solid electrolytic capacBior of «claim1, erein the

el enent form ng stage conprises the steps in the order of (B2), (Bl) and
(B3). 5. The method of manufacturing the solid electrolytic capacitor of
claim1l1, wherein the elenent form ng stage further conprises the steps of:
(B4) formng a second resist filmon the insulating filmbefore step (B2),
and (B5) renoving the _second resist film wherejn the ekene t form ng stage
conprises the stefs ih¢Hae @epfdpanp@gt}wwzﬂ,le (Bhyd e@ﬁyoq&ﬁa qamcitoy  of 3
May 2004 6. The t haod of nuf.acturing the solid elecgtro]ytic capacitor of
claim1, whef 1ﬁlthé"olh€i1'§ﬁégﬁ?i‘{c‘gfe§fﬂﬁ9 %@r@%%gg@ta%?c}rwa e§ ﬁ;ee Stegp obifoxing ry
a third resist filmon the another face,.i.e., non-pgrous,face, .

si mul t aneousl‘ﬂﬁn‘\ﬁn lteﬁlstéﬂéfpowgy ,ar\%%%ﬁa%em%, BPERBOUE 4768, ﬁgngffe?@@oeah’pw@bs
the steps in the order of (Bl), (B2) and (B3), and wherein the term nal :

formng stag&@hé¥ldes the steps of. renoving the third resist film and
form ng. an opening at a given pl acgoon_the anot her fac rous

, l.e., nﬁn pg
face. 7. The met hod%derfantheglementdorming stass %’P&‘flﬁ%ﬁﬁﬁ gepspathe grdey of

claim1l1, whergin di.electri¢ form ng stage includes the step of formng
a third resép’f(hlgﬁf“&# » 288Gt her face, i.e., non-porous face,

sinmul taneously with . . . .
y wherein the terminal forming stage includes the steps of:

removing the third resist film; and
forming an opening at a given place on the another face, i.e., non-

porous face,

7. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein the dielectric forming stage incluaes the step of forming a
third resist film on the another face, i.e., non-porous face, simultaneously with
step (A2),
wherein the element forming stage comprises the steps in the order of
(B2), (B1) and (B3), and 7
wherein the terminal forming stage includes the steps of:
removing the third resist film; and
forming an opening at a given place on the another face, i.e., non-

porous face.

8. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein the dielectric forming stage includes the step of forming the
insulating film such that the non-porous face of the valve metal sheet is

covered and the through-hole is filled up with the insulating film,



step (A2), wherein the elenent formng stage conprises the st@@a¥gg@me
order of (B2), (Bl) and (B3), and whereinZfhe terminal forning stage
i ncludes the steps of. renoving the third resist film and form ng an
opening at a given place on the another face, i.e., non porous face. 8. The

Wherei n the di el ect PR IFBH Hi G EIABdoT NG RBTR o Bre FiaPRimghe ider of
cover od and EHD QhPotHR SHaR B FE AR P up R aEhebTing ol i g ¥ ebaho 2 Alke3
b 200 (B Vi T okt oS B TOR A i Bt el 5
thr ough- hol otet etsktiioebekserBtes fBhgh hol e and step (B3). 6 The
met hod of manufacturing the solid electrolytic capacitor of claiml1,

wherei n one of photosensitive resin and adhesi ve photosensitive film 1is

used as the resist, fi.lm 10. The.net hod of .manuf act ur.i the solid .
el ectrol ytic capalrt orbofiethod Hff{la%g‘rcé‘ilﬁngha’% Sohd; Q%ICFWEYQC feePRetoByoh

met hod sel ected fromthe group,.cponsisti.ng of Lmmersign, .spip coating,
screen print Fﬁ’ﬂfﬂ i’n%hﬁf?% ?%ﬁ%ﬁﬁ?@ﬁ?nﬁlﬁ’eﬂ?@wpﬁcﬂiﬂ%ﬂsWéﬁBP@@?HFH‘JW@ filka
solid el ect rol‘gteigc cgﬁaci t.O{]ﬁff claim1l1, wherein step (A3) includes
appl yi ng phot®or&s 87 "dntBdth e faces of the porous valve netal sheet,
and wet-etching a patterned opening.
10. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein the resist film is formed by a method selected from the group

consisting of immersion, spin coating, screen printing, and film laminating.

11. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (A3) includes applying photoresist on both the faces of

the porous valve metal sheet, and wet-etching a patterned opening.

12. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (A3) is carried out by a method selected from the group
consi'éting of laser-beam machining, punching, drilling, and electric-discharge

machining.
13. The method of manufacturing the solid electrolytic capacitor of
 claim 1, wherein step (A3) further includes chamfering edges of the through-

hole formed on the porous face.

14, The method of manufacturing the solid electrolytic capacitor of



12. The nethod of manufacturing the solid electrolytic capaci{ppa@boog! ai m
1, wherein step (A3) is carried out by a ne8hod sel ected fromthe group
consi sting of |aser-beam nachi ning, punching, drilling, and

el ectric-di scharge machining. 13. The nethod of manufacturing the solid

el ectrolytic capacitor of claim1, wherein_step _ (A3) further includes
chanfering etﬁg’é?L db Wheraipr efeghAhorees ermelpcbie-tepopbipsumethed. torlornrHe
met hod of manufacturipng the solid electrolytic capacitor of” 23 13 May 2004
claim1, whetedHatingdlag) uses an el ectro-deposition nmethod to formthe
insulating fIm 15. The nmethod of manufacturing the solid electrolytic
capacitor of <claim 14, wherein step (A4) includes formng insulating resin
as a first layer; . and formng._ insulating resin as a second _|ayer by m xing
mcro-gel, fine &&r bdmepmathefed manulnelaring ithe salidelactralmiio mapeiciter ab.
The met hod of  manufacturing the solid electrolytic capacitor of claiml1,
wher ei n st epCiagm ilﬁ»s%’ ewﬁoﬁrépi(éégaaﬁ@é%éowm%mqm ng|resiy agle. finst laypy;

met hod of manufagturing.the solid electrolytic, capacitor of claim1l
wherei n st ep2pg forn%,mgamﬁ at1Bgt 'afyn oife 2oFeeoRsk oY by nEtiKing Agicsergel, fine

grinding. 18. The net h(id of Elsgnuf actari ng the solid electrolytic capacitor

of claimi,?¢© artigles, apgding padicles gf HtayRmMAKEdS-ve to form the

termnal. 19. The nmethod of nmanufacturing the solid electrolytic capacitor
of claiml, wherein step (C2) is carried out by at |east one of

el ectro-plating a ectroless plating., . : . .
prating ‘ 98 ﬁ'jhe 1etho 0 manu?gcturmg the solid electrolytic capacitor of

claim 1, wherein step (B2) uses conductive adhesive to form the electrode.

17. The method of manufacturing the solid electrolytic capacitof of
claim 1, wherein step (C1) is carried out by one of laser-beam machining and

grinding.

18. The method of manufacturing the solid electrolytic capacitor of

claim 1, wherein step (C2) uses conductive adhesive to form the terminal.

19. The method of manufactufing the solid electrolytic capacitor of
claim 1, wherein step (C2) is carried out by at least one of electro-plating and

electroless plating.

- 20. The method of manufacturing the solid electrolytic capacitor of
 claim 1, wherein step (B1) uses a composition including a conductive polymer

to form the solid electrolytic layer.

21. The method of manufacturing the solid electrolytic capacitor of



20. The nethod of manufacturing the solid el ectrolytic capaci{pfa9bopg! ai m
1, wherein step (Bl) uses a conposition i néftudi ng a conductive polyner to
formthe solid electrolytic layer. 21. The nmethod of manufacturing the
solid electrolytic capacitor of 24 13 May 2004 claim 20, wherein the

conductive pohyner s .a_conjugated pol [_containin i-electron. .22.
The et hod o a0, St RO R RS Sl L Pl et Eoiigaled splufS! Epliaiiine
wherein step (Bl% uses at |east one of a chem cal polynerization nethod
and an el ect PPYERERG8 yreri zation nmet hod. 23. The net hod of manufacturing
the solid electrolytic capacitor of claiml1, wherein step (Bl) includes
formng a polyner filmusing suspension of powder of the conductive

pol ymer, and providi ngnel ectrol,ytic pol ri.zatjhon -0 he polyner fi]m

24. The nethod of %ng#‘léect%?qhﬁ& ?%émg‘blfdl}é&ng&lﬁgtﬁh@l §,?1il<£ e@%%b@ﬁ‘ér capacrior, pf,
1, wherein st 1)_incl.udes f ing th olid electrglytic,layer . .

conpri si ng nﬁﬁ%ﬁ%gsewh%?fldgtei?y%ﬂepgﬁ |a$ %@Eﬁ)ﬁﬁ&?frﬁ@ %%&%ﬂw}% 10n
25. The net hOdet f mandjf actluri ngf t he 1soI i g%gl ect rgll_1 %i c capacitor of «claim
24, wherein $te 0@13’11} PRE LTS BRI R eC AR 26 % lymer by electrolytic
pol ynmeri zati-on follow ng the process of form ng the manganese dioxi de. 26.
The met hod of manufacturing the solid electrolytic capacitor of claiml, -

wherein step (B3) e u iz0 i car pantichkes. .a conductive

adhesive to form e iI(‘)]rfei %t@(%gl?)dl é};/ ggﬁuﬂgtmmg%]le soli ehec%rolypf(j: capacitor of
claim 1, wherein step (B1) includes forming a polymer film using suspension
of powder of the conductive polymer, and providing electrolytic polymeriiation

on the polymer film.

24. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (B1) includes forming the solid electrolytic layer

comprising manganese dioxide by thermally decomposing manganese nitrate.

25. The method of manufacturing the solid electrolytic capacitor of
claim 24, wherein step (B1) includes forming conductive polymer by
electrolytic polymerization following the process of forming the manganese

dioxide.

26. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (B3} uses suspension of fine carbon particles, and

 conductive adhesive to form the collector layer.



ABSTRACT A nethod of manufacturing the solid electrolytic capagiphaod hat
can be directly connected to seni conduct oEbconponents and have a faster
response to a high frequency as well as a |larger capacitance includes: a
dielectric formng stage where a valve netal sheet (2) is made porous and
dielectric coating (7) is provided on rous face (3); an el enent
formng stage where solid eIectronticAi ) and col | ector layer (10)
are formed on the dielectric coating (7); and a term nal form ng stage.
where connecting termnal (16) to an external electrode is formed. The

el ement formng sta solid electrolytic

|l ayer (8); formin %”r%rtbaglﬁ’?%g;’é‘tl %E‘iéigg?f@é?%’;id{&ggirgfﬁUg?ﬂm@rﬁgglaﬁ Fap be
prepared on valug, TEt el ENPE! ol Bliondttd: tom S hertd ik e § 12 TeS 00 o
a high frequency as well as a larger capacitance includes: a dielectric forming
stage where a valve metal sheet (2) is made porous and dielectric coating (7) is
provided on the porous face (8); an element forming stage where solid
electrolytic layer (8) and collector layer (10) are formed on the dielectric
coating (7); and a terminal forming stage Wl}ere connecting terminal (16) to an
external electrode is formed. The element forming stage includes the steps
of: forming solid electrolytic 1ayer (8); forming through-hole electrode (9) in
through-hole (5) that is prepared on valve metal sheet (2); and forming

collector (10) on solid electrolytic layer (8).



