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 I engths 13 My

2004 . e . . . .
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



2 increases ESR and equival ent series inductance (ESL) in ammgygbm
circuit. In order to overcone the probl em 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 electrolytic
capacitor discussed above is proposed. D sz:l osure of the Invention The
present invention ains to provide a nethod of manufacturing the solid

Comonent s andehasss R 08 ei0alth SKHES IndqdRReethRty if ATIGRIEIEHE .

or ovi ded & et hod oy SRR PReTssE g8 BeGFRET Hiskmidf shNE BB A F e A

ormod o por Sy bl $0ed, dyfyheifadd FACH LRI et BVEC, EhB R S0 mad

col 1ect or ' | aySrEpadpeioh rifiole@dall Be Tkl o MBS i S slipteltapmd ™ &

Formed. whor Seine Tk ehabry kv MO Tertd SMefis SR ECESLAR Rabiipisor

or der Of:136}\‘}@%‘%8‘2%8{’?%%%,?&3%8 val ve netal sheet for producing a porous

section; g afirst resist filmon the face having the
porous section; formng a through-hole on the porous face at a given
pl ace;

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 an insulating filmon another face, i.e., non-porous face of the
val ve nmetal sheet and on inner wall of the through-hole; and18dayidi§da
dielectric coating after the first resist filmis renoved, wherein the

el ement form ng stage conprising the steps of: formng a solid electrolytic
| ayer on the dielectric coating; formng a through-hole electrode in the

t hrough-hole; and formng a collector Iaygr on the solid electrolytic

| ayer; wherein the terminal form ng stage %nprising the steps of: formng
an opening at a given place on the insulating filmfornmed on the another
face of the valve netal sheet; and form ng a connecting term nal on exposed

Descri ption of i néoEpall AgESHETHER IS BePislid e potuolectons 7y
View of & solid orning’s RelEhERE) BB Bocdlih sivebdiiRen. R g, T3
cllectrol ytic capalytapEa inSuBHing A, GF ARPIHSR Bl f e oo BBt face, of the
secti on of aneLecRLt sHelf Ttk REAbf the Bicheh BORTHRAT * B7 The
Wher et hr ough- hol 2 P ai%,2 FTKEIC oM ARG ML B ST IR I RoTe® 0t (e
solid el ectr Qherbi theddlRfidn? Tofthidd StapetSitprismeeiMe @8ps 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. 6 shows a sectional viewillustrating a status where insHipgg@go4filns
are formed on a flat face (non-porous facep of the al um num fol nd on
inner walls of the through-holes of the solid electrolytic capacitor of the
present invention. Fig. 7 shows a sectional viewillustrating a status
where a dielectric coating is formed on the porous section of the al um num
foil of the solid electrolytic capacitor of the present invention. Fig. 8
shows a sectional viewillustrating a status where a solid electrolytic

| ayer is formed on the dielectric coating on the alumnumfoil of the
solid electrolytic capacitor of the present invention. Fig. 9 shows a
sectional vi BuméfiDesrndiomgf thesDatwsnghere t hrough-hole el ectrodes are
formed in the through-holes of the solid electrolytic capacitor of 4 13 My
2004 the present Fagehtshows Fipprspectiv mieseof izosalid wlestrilyticstapaicitong of the
status where through-hole electrodes are formed in the through-hol es of
the solid el presesltytiventiapaci tor of the present invention. Fig. 11 is a

sectional viewillustrating a status where openings are formed on the
insul ating film ofigh8 shuwsl acbedtiondlyview ofipasolidrelottoltipcapector of the
invention. Fig. 12 is a sectional viewillustrating a status where a

connecting Peesenfahvewtibnwr med on the opening of the solid electrolytic

capacitor of the resent invention. Fig. 13 is a sectional view .

il lustrating a st &igs3 whews am ealargedcspssional viigwvifcan essentidapanti efor solid

el ement of a solid electrolytic capacitor of the present invention.
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 .';.1 sectional view ﬂlustrating 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



Fig. 14 is a sectional viewillustrating a status where exter{a}epfi nal s
and connecting bunps are fornmed on the outer case of the solid

el ectrolytic capacitor of the present invention. Fig. 15 is a sectional
viewillustrating a status where a resist filmis forned on an insulating
filmof another solid electrolytic capacitor of the present invention. Fig.
16 is a sectitbagesdrvinivehtishr ati ng a status where a pattern is provided
to the resist filmof the another solid electrolytic capacitor of the
present invention.Figi d0 i ai secdicedt vienalllusteatingl asstmats ngheres thtaighshete
t hrough-hol e el ectrodes are fornmed in through-holes of still another solid
el ectrol yti c elecdpatistaoe fofmiedenphestdnbughyaits ofithdsdid éRctwlptic eapadbadt of
viewillustrating a status where a solid electrolytic. layer is formed on
a di el ectri ctheatressntanvantiahum num foil of the still another 5 13 May 2004
solid electrolytic capacitor of the present invention. Fig. 19 is a
sectional view il |Higtddtisng secsioatllsviewerlbusinatingud atthtup fwhHere operdiopsesrcon
a flat face of an alum numfoil and in through-holes of yet another solid
el ectrol yti c foapet bhahedmsubatipg ddentf il eolid electFolgtic 2Apasitar €¢he prasent
view illustrating a status where a dielectric coating is forned on a

por ous secti omverftiam al umi num foil of the yet another solid electrolytic
capacitor of the present invention. Fig. 21 is a sectional view
illustrating a st %ﬁgs 1@hisr e sectpiniad wewcilhodtyatiog 4 afetuowhdre a@i @ineecting
coating on the alum numfoil of the yet another solid electrolytic

capaci tor of temeinldseforniady ent thenopenipg of the salideelectivdytivicapacitor of the
illustrating a status where second through- ' '

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



holes are fornmed in the insulating filmof the yet another so{éﬁa 2004
el ectrolytic capacitor of the present invention. Description o { Re
Preferred Enbodi ments. The manufacturing nmethod of the present invention
conprises the followng steps: formng a resist filmon a porous section

of alumnumfoil, then form ng through-holes at given places; and form ng

i nsul ati ng fisbhd ebectrdigticenprnitng of teepfetent povenigofiace, and hereinafter
referred to as a flat face) and inner walls of the through-holes; then
renovi ng the resi Rigf 19 ig atsherofal viengillusiraieg ardtatwoahenyg avrinshktpoy Gdm
section. A set of steps hitherto discussed is referred to as a stage of
form ng di el estformed emd tfhitsfsrage ans alwhimwedfdl ate igttdpsupkihwles fobryeing
a solid electrolytic layer on the dielectric coating; then 6 13 May 2004
form ng a thaaotheihallal eleetrolyide capaditoe dfitheygleséwd Bsendwat. fornming a
collector layer on the solid electrolytic layer. A set of steps hitherto

di scussed is refefigd2oisnn aecstiogel siew cllvistptehermemtstius artbrehasdslegfeid s
foll owed by the steps bel ow. form ng openings at given places of the

i nsul ati ng f icbaing it Herrhkdton & greou$ setidomlofirimahuhbiin fabdof denyefganother
connecting termnals at the openings and on the through- hole el ectrodes. A
set of st eps sblidededtolpiis capaeidor st thef prasett toventienst age of forning
termnals. The present invention allows the solid electrolytic capacitors
to be 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 cap ac:itor of the present invention.

Fig. 22 is a sectional view illustrating a status where second through-
holes are formed in the insulating film lof 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



directly coupled to sem conductor conponents, and provides a papyfagsuring
nmet hod that can manufacture with ease the solid electrolytic capa%l tors
excellent in high frequency characteristics. A variety of conbinations of
steps in a mddle stream of the manufacturing-flow wi |l produce various
advant ages. Sonme of those advantages are |listed below 1. It can prevent
solid electrolyte f rfmmtia'gmgthmmnggdhmia ef¢drddeain tlae throoight heleal amd num f oi |,
so that an anode and a cathode are positively separated. 2. It can prevent
t he through-hol e el eformdde o eadbacéot kydi oy tdief soliveelptiapliftackyef. t he al umi num
foil, and al.so prevent the solid electrolyte frombeing formed, so that

t he anode and sdteofcdepobitharto dissitssadelsyrefepadabers a 3tage ofifdreringfelepenitags
can be forned at a tine. 4. Reliability of the insulation between the

t hr ough- hol e aaldddiis etige isdndowha byl ihei steps beldw:can be strengt hened. A use
of photosensitive resin or organic adhesive filmallows formng holes at

pl aces agreei ng w t hordng mpenghgh ok esvéery phataseofihey inorlatiog filmany the flat
prevents the resist fromentering the through-holes, so that a solid

el ectrol yti cfadeasfcihei aduininmea foik 4k di el ectric coating and in the

t hrough-holes. A suitable 7 13 May 2004 nethod of formng resist filmcan
be sel ected from i nmiergiing cogpeatingderminalssat tlem openingsnand em the through-
fil mbonding, depending on the resist to be used, so that resist filmcan
be positivel poleorleetdodest he insul ating |ayer. Photoresist is applied to
both the faces before patterning, and the through-holes are fornmed by

wet - et chi ng, Aswetiohstens hithprio discessedigmefrared to eam Wage of fenming termimals.

t hrough a sinple process. A suitable nethod of _form ng through-holes can
be selected from ﬁ‘é@epr#@% Havemitioon gllopisnéhe riplid @leatrelitic eapasitors rtocdte

di schar ge ma&]hri ni.ng, depending.on a dianeter and the . )
ectly 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



nunber of the through-holes, so that the through-holes can be.f t a
| ower cost. Edges of the through-hol es on the porous face of e‘tahrgég?ﬁon?num
foil can be chanfered off, so that the nunber of defective insulation can
be reduced. A use of electro-deposition nmethod for formng an insulating
filmallows formng athininsulating filmwth_a sinple process, This

el ect r o- deposnathed olvsrmiaciisstad B jcagubaseligted fiom ammpesipny spin-egading,
then forns the second |ayer _nmade frominsul ating resin produced by m xing
micro-gel, caeisen-prinbingpartiilen-bondine.fdenendangiod tee sesict tameunsalkisgethah
other words, the first layer _is_thin and-has a high resistivity and the
second | ayer resift Elibstaanke npsijivedy Enrmedigadhe dpsuleding lageri Imis forned
with a uniformthickness, As a result, the .insulating filmon the inner
wal | of the throudhoieresisthis applied tefhoshi the famﬂoa?qr@npafetﬁémn&t@d the
conductive adhesive is filled in the through-holes for formng the
t hr ough- hol e thragh-bales arg fpsmesk by wetrgichingiow that prvynber OEgbwalbhgles
with a sinple process and high productivity. After a dielectric coating is
formed, a re§#Btbe formed atopnmeophravehe At sipeplet prasegher & awitableumethad of
filmhas been forned, then solid electrolytic layer_ is forped on the_ .

diel ectric céummmg Bupyeb-heles canibs sqlpetef Zomelasordeam machyping @ usching: s
solid electrqlyte frombeing forped on the flat_face of the 8 13 May 2004
al umi num f oi ﬁ{ffﬁlﬁgi‘ %@%&@9@1 d@cgEag%m&h%%rﬁemﬁﬁw&ﬁa %%@Pﬁ&feaném
I s another way to separate th npde fromthe cathode; After | el egtric
coating is f Gumker %tp aé%itg%'o‘f&'ﬁpf%s’ 58r a'ﬁ’ gliﬁ‘@“@g]rh? Sf('é’é’eg%%@F’é‘e nt a
insulating fil mhas been formed, then a through-hole electrode is fornmed in
the through- HYEC%Ef ore the resist filmis renmoved. This method prevents

the through-hole gl sot i PYR. (oS Held 09 ¢BL hokdSs Hcdlof RS 0nikit 2 Tham
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



foil as well as solid electrolyte frombeing forned on the fl M£§§80450
that the anode and the cathode are positigely separated. A use 0

| aser - beam nachining or grinding with the optim zed output can formthe
openings with ease. Before an insulating filmis forned, a resist section
Is formed on the flat face of the alumnumfoil at a given place, then a
col | ect or | agbrmimufcionte dhewxshor positivelyessipsiratingran @npgmamdda crthgleretPloere
can forma nunber of openings with ease at a tine. A use of conductive
adhesi ve in fsambblgera wagh e ciepayatee the raxiodsc fiooy dbe eadbeldeedifter addisleativia .
A use of electro-plating or electroless-plating can form a nunber of
connecting t evating| s frmeed,i ae refistisfeinof isa foonpdson i idre fotiredfase sdrmdactwinve
pol ymers including a conjugated polymer containing a pi-electron as a

mat eri al f or indwdaboki film dascbeon yoimed atiean @airhm@g?nl@pls ciledtrededs dotmedcin
capacitor having a lower ESR and being nore thernostable. A use of

chemi cal pol thethreugloholss before tthel nesisd fbhiisarenzenddon Thial netleod prevents
productivity. Still other nmethods are available as follows: Suspension of
powder of a thndhreughehopoklestirodesfrappextanding off ithel flathiage tafetheoabinain we
polymer is forned by electrolytic polynerization, so that stress applied
to the diel efiil pe walhassglidsglectyelyte dueadeinvadfgamed @mthe Heb face, ppridiat Ade
(heat deconmposition) to form nanganese_dioxide, so that solid electrolytic
capaci t ors cano@e andribesathede argpesitivedy yepgradpdest abl i shed techni que.
Manganese nitrate is pyrolized (heat 9 13 May 2004 decqnposition) to form
manganese di oxi ded wsrepf darerdmedn dnpchinipe wregrinding Wiy thy optizaized) gatnut

pol ymeri zation. A collector is formed b use of suspension of fipe )
particles of caafeyan thaapppingsmuLietsare. adtrdaraan Héfalslﬁﬂ&g‘riln&b% Oa‘med?aresmt

el ectrolytic capacitor having, a ) ) )
Y sectPon is f%rme?i on %he 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



| oner ESR than another solid electrolytic capacitor in which pg)mg?@bbye
adhesive is directly applied to solid electrolyte. The solid electrolytic
capacitor of the present invention and a nmethod of manufacturing the sane
are denonstrated hereinafter with reference to the acconpanying draw ngs.
Exenpl ary Enbodi ment 1 The first exenplary enbodiment_ is denonstrated with
ref erence t odBegmpoditiom degforii gnangandsiegdiokidhotherathecopdeciive noalemest ism
solid electrolytic capacitor in accordance with the first enbodi nent of
the present iforveed bprelectEplytichrdpmesizatwact i onal view of the solid

el ectrolytic capacitor. Fig. 3 shows an enlarged sectional view of an
essential part of A ¢ilespdr tb Brewtd by e use of spapension ¢ fine pagtislesuef eardoof
sheet-1ike capacitor elenment 1 of the present invention is described

fol | owi ng it andebyfaatduciivg adlsive, s thaha e6lid dectiolyéis edpadiinri havirfmial
2 to forma gg)rous section (hereinafter referred to as porous section 3),
t hen form reddwer fESH tham advetheor snidd sdetirolytioNeapacitar in winiduglendsictiyes
in alumnumfoil 2 at given places, then forminsulating filns 6 on the
non- por ous f adbegivede dgmél)v aprdieshta $did elegtrolgiel s of the through- hol es.
Renmove resist film4 and formdielectric coating 7 on porous section 3.
Then formsolid dhectolisi slerigolyticearmcitordif $he presentdozentign sk gaethod of
t hrough-hole electrodes 9 are fornmed in through-holes 5. Next, collector
layer 10 is teannfactumng dhedaane are slomonstrates hereimpfiar with frefarenpe ip ide
11 on insulating filmon_  the flat face at given places, and form

connecti ng téﬁ%%&%ﬂm@tﬂ@%’ﬂésed 10 13 May 2004 faces of openings 11 and
t hrough- hol e_el ectrodes 9. _Provide outer case 13 on the lateral faces and
col l ector | ajfemparyfgnbodiment 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



formfirst external termnal 14 and second external term nal q{Hpyg

termnal 14 is electrically coupled to alumnumfoil 2 on outer case 13 and
terminal 15 is electrically coupled to collector layer 10. Then form
connecting bunps 16 both on through-hol e el ectrodes 9 and connecting
termnals 12, so that a solid electrolytic capacitor is built. A

manuf act ur i ndacestdforpeafingh él soldi threhghthade plactradegdti t or of the present
invention is detailed hereinafter with reference to Figs. 4 --- 14. As
shown in Fig. 4, dhevule butdr tdre 13casths I@tea:ab&ac@ﬁoamcg@oﬂa@ord@ﬁelbé@omrd
porous. Resist film4 is formed on porous section 3. A suitable nethod ' of
form ng the fesnsiiréti lexteamal b@rmnegtbfh agndoreecomd resiternals permiudt Lhg where
screen- printing. Photosensitive resin is applied to porous section 3 by
one of the fermiulnid ietchedsicallictouphed tesilnmisum ifed 2 pheowlsy wise al hiamgl
resist film4. Oganic adhesive filmcan be used as resist film4. In this
case, resist térthimal 15 is dlectmizallyrcoppleilito edlactonlayebyOa fihem foomdtompecting
met hod. Next, as shown in Fig. 5, through-holes 5 are formed on al um num
foil 2 at gibvemppladeth o weroughchplegelretrodds Saand sonnectimgitermptals 12, so
through-holes 5 at_a time. Laser-beam nachining, punching, drilling or

el ectric di sthat geoligeda¢tmplydici eapswitons buils f orm t hr ough-holes 5 in any
materials with accuracy, . and can formthrough-haoles 5 as fine as not nore
than 100 j in acr dssnanpfacturiags anethodsiofgthehsolidt elactrlyge ¢apasitors of rhe
resist film havi n% _openings for through-holes on both the faces of

al umi num f oi Presenthigvension isndetailegyhereinggber @tl‘élhirﬂérﬁé‘f’%ﬁ‘é Hige 4esildt B9 m
is removed, thereby form ng through-holes 5. Further, chanfer ihe edges of
t hr ough- hol e§hgwanindfigud. oBecel hﬁt%st ¢ faremis givhest padothy opgglace becomes
}Nﬁir g;gghhgiyigggélg;}lf{é%l@ﬁ bllnl I4ti¥ fgltme:in(;srltj lp%i'(ln?sg séét&brg % | allﬁt; g{litfagien%jethgd 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.



Next, as shown in Fig. 6, forminsulating coat by an el ectro-fepgasbbhpn
met hod, so that insulating film®6 can be foined on the flat face of
alumnum foil 2 as well as on the inner walls of through-holes 5. The

el ectro-deposition method can forma fine and uniformfilm so that
insulating film6 _does not fill _up. entire hale 5, but covers only the

i nner wal I . Ther e Nexts gashenasintigt§ fomm 1nsidatiagiwgt oy a1 6ledra-gppesition
fornmed at edges_ of through-holes 5 on the face where dielectric coating 7
is formed, chzethedi ag thahenwdgting BlreiG ean bedorwedsinvthe fag fpepl alimimum
al so increases_insulation reliability. Further, insulating resin _produced
by mi xi ng ni &ib2¢ welliafeon pag ineeewadls of dhseonskmalas he- Phe eleatesdeposition
titani um oxi de, those materials being suitable for covering edges, is

el ect r o- depoziatbodean forey 2 fipestnd ungormefilpy shthah imsutating dm; § dpgs nah &l
m cro-gel discussed above is produced by adding polynmeric particles having
particle sizapginiistholers btaevers enly the imnesWakdr | "t hereby increasing a
viscosity of the polyner. The micro-gel is hard to flow and, suitable for
covering edges; hﬁ‘\b@r@nﬁ somemessibale thatgngylating ibndis tgintydosmed afredges
the inner wall of through-hole 5 as fine as_|less than 100 p. m_ across,.
more car ef ul Of Heweed-heldr duen Foatrecuhior: drletirkaeanas hisbrueg shpgieoring
covering edges sonetines nakes the el egtro-depositiqn Jayer thick,enqugh
for throughthelesdassis pHeetive dg sdvai thHstprobagneean e%isampﬁa%sqsm%ﬁa%@@s

of formng insulating fil.m®6 by el ectro-despositi Is split i.nto two
steps. First?T€ %‘Pli\‘ﬂ’-deFt“ﬁF}FPfr %ﬁHf%q‘n%iT@ﬁn} éél‘loailf’ t é%”‘éngi?’é‘t"l’or%;lerﬁ,ne'
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Next, as Shog@oﬂlgmlzliz%reéffe%{igg y‘resi st film4 is renoved, anodizing in
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



12 13 May 2004 acidic solution allows form ng dielectric coatfgnga/ 26k
porous section 3 of alumnumfoil 2. Thenlas shown in Fig. 8, solid

el ectrolytic layer 8 is forned on dielectric coating 7. This layer 8 is
formed by form ng a polynmer |ayer using a conjugated polyner containing a
pi -el ectron such as _ polypyrrole or polythiophene, and/or a conposition

i ncl udi ng coadat ispdufioh yaldews diohering hdirledttiosevading Uk 9ad pabowe settiongh of
chemi cal or electrolytic polynerization. Solid electrolytic |ayer 8 can be
fornmed by el etumahym foilpd| yieen aatshomom Hig.ohl splidedledtirobitiplalyemé isAatived
after the conductive polyner is pre-coated by chem cal polynerization. The
conducti ve pohydmelectein doatingr 'ﬁed%his layecBrisl fprinedpby iommningta polyaieelayde
suspensi on of powder of the conductive polymer is applied and dried, or
manganese ni USHLE ai eonijnpategnpolbyunde tonining anpl-eketiompegch iasnpolyhprsby or
form ng manganese di oxide, then the conductive polyner can be fornmed by

el ectrol yti cppbithmptienst aod/orehenmepositicanochelingsranctne golavars eiberitban
formsolid electrolytic layer 8: Manganese nitrate is thermally

deconposi t edthesef dispusrmedgahmyecdhdoughdbentinakonelettplyide pohmoenieatians i felid
electrolytic |ayer, and adjust a thickness of the |layer arbitrarily, so
t hat the proélestiolytig layer Betdmibiel forymashbybelertrphtie golymexinaiionior él‘rganlg’,
the step of form ng through-hole electrode 9 in through-hole 5 is

descri bed. Ashemiggleppbimetizatient pfigs dhe cemnilativee podvimervis prs-easdedy by
m xi ng conductive particles-such as _Ag paste and Cu_paste, is filled _into
t hr ough- hol eclemiged mebrmerizationas dhewrondurtiye polymer | ear obe| dgmned obys
formed on soljd electrolytic |ayer 8. Collector, layer 1Q is _produced by

| ani nati ng calesbiplytdg @olanarisgtiopafter the suspeRsionpiapevise 05&%@@@@%#%

\,,Agl_ Sgs »[me” O%hgwﬁgﬁg S@pg 'gFlI gagpdiri]g&,ogr ?Jl;ar?gaeru?gsrcla Ilitrxlgéep?sf tili:n%lrggngpe 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-

i 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



drawi ng el ectric-charges nore efficiently. As shown in Fig. 1113,M93pg@64qgs 11
are fornmed at given places on 13 13 May 20IB! insulating film®6 prepared on
the flat face of alumnumfoil 2 with YAG laser or a grinding nethod.
Anot her nethod for form ng openings 11 is, to forma resist section at
first on a given place on the flat face of alumnumfoil 2 then _form
col I ector | aysulangdilor 6 prepared osttheeBat frrei of slomivea foih@ VithalA{ lasmye
the resist on the given place. Next, as shown in Fig. 12, connecting
ternminal 12 p»afgnin@meoneshedsefinothayemetherpént vgmingobentegs Al indofform &
by using one of conductive adhesive, electroplating or . .
el ectrol ess- peisti saptionhaihfisgt eshewivém plaag on Bhe Hat facecelsal umsinw dol 2o vhen
epoxy resin, good for electrical insulation and resistance to humdity, is
forned ar ounforoapeld¢ator laysirehibbefore the resist seationgisaleamsred, and analdy remexle
stress, thereby increasing the reliability. Next, as shown in Fig. 14,
first externthe resish erabha gives placei cal |y coupled to aluminumfoil 2, and
second external termnal 15 electrically coupled to collector |ayer 10 are
formed on outer chiextizs skewvatiatFigedBaconunctvlgteeminal 12iis fonpt ebeaxpopedi s
desirable to form connecting bunps 16 gn connectjng termnals 12 apd .
t hr ough- hol efaseedia pprIviaeoll of draddating filer 6 yeusing enm vt condyciize adhesivs,
bet ween the capacitor and sem conductor conponents or electronic
conponent s. Gestusplaténg or stassrdessplfingan readily produce the solid
el ectrolytic cap%géhors t hat cg‘n be directly connected to sem conducto

h

conponent s and A5 gomar i Higohd outer eadh Hhng [ERCSRORFRaSHR.¥apd for

Enbodi ment 2 s .
electrical insulation and resistance to humidity, is 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



The second exenpl ary enbodi nent of the present invention is ﬂ?ﬂ@?%ﬁﬁ ted
hereinafter with reference to Fig. 15 and Fg. 16 Etch one of the”surfaces
of alumnumfoil 2 to forma porous section 14 13 May 2004 (hereinafter
referred to as porous section 3), then formresist film4 on the porous
section. Next, formthrough-holes 5 in alumnumfoil 2 at given_places,

t hen form i n§diginaiger rpiesr@l ém ashpoivms- rsitivus 3}, dden( farm resisk)iland om thene
i nner walls of through-holes 5. Renove resist film4 and formdielectric
coating 7 onPpewusesldeni oiNext, Triusethwmongh-holes thénsalmmimumhésk 3 attgiven
first enbodinent. Then solid electrolytic layer 8 is formed on dielectric
coating 7. Apladessthen fermihewlating films ybnHbeandrspartud fase (fladdagy) andnon
across, solid electrolytic layer 8 can be sometines formed on insulating
film6 prepatke onet el eft thrageh-lufles bumbieme toresist filrhi 4 apddbrandielectivre
overcone by the follow ng nmethods: First, as shown in Fig. 15,

phot osensi t i ¢veatingi’non porpipd seadian3i nThioae istrps atentle: smpemsethsfseiimbbesfivst,
spin-coater, or screen-printing, then the photosensitive resin is cured
for obtai ni ngmshweémgntesi st film 17. Another way is this: adhesive organic
film®6 can be used as second resist film17. In this case, the organic .
filmis formed on'Thesugodid elgctrobticlayer 8 1siformed o digleptriesaatingeh Akthis
shown in Fig. 16, formholes on secaond resist film 17 in given_ dinpensions
at given pl B&e wberdbhsdhaprrghihole ds aigfHess Paan S0y m aprass osplid elagérddy tie
machi ning met hod. Next, formsolid electrolytic |ayer 8 and through-hole
el ectrode 9 HyarHecan aasomatiaes f%@%%@ﬂﬂnsgkat&&ygéﬁrﬁemepatrﬁéﬁnrféwtﬁ'f%t face

he 1 at 1 acel ki faih3 of [his Irohlers sk pemsame utba el io o RoHRodsn
be positivel il‘“irss%,pgsr gﬁgv?rh 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.



Then, prepare collector layer 10 on solid electrolytic |ayer & ,Pg by sanme
met hod as the first enbodi nent, and form opgni ngs 11 at given places on
insulating film®6 prepared on the flat face of alumnumfoil 2. Then form
connecting termnals 12 on the exposed faces of opening 11 and through-hole
el ectrodes 9. 15 13 May 2004 As di scussed above, the second exenpl ary
enbodi ment provi dés discmmsed sdiave] ndrensetod eketdaspl éxdbedisntntolproicles a
capacitors, and the method can prevents solid electrolytic |ayer 8 from
reachi ng to opemfaghuriig nhethed dfadheed]id eectrbbttict deg aaitods andithdmethothcda
are positively separated. Exenplary Enbodi-nment 3 The third exenpl ary

enmbodi ment opreventpreetidndlectrolytid tayer8 fivenwasthiage dwemangaflidates fdrmed,
reference to Fig. 17 and Fig. 18, which illustrate major steps of a method
of manuf act uso hgat the apbdel apldberalthode areppsitivety separaged.or dance with the
third enbodi nent. Etch one of the surfaces of alumnumfoil 2 to forma
porous section (hereinafter referred to as porous section 3), then form
resist film4 on the porous section. Next, formthrough-holes 5 in

al um num f oi Ex2mgilagy Wenbodilmamesd then forminsulating filnms 6 on the
non-porous face (flat face) and on the inner walls of the through-holes.
Renove resist fil fibe addrd oereuipdtiget einbodimant ngf 7the poesand sarention3.is
Those steps are the sane as those in the first enbodi nent. Then solid

el ectrol yti cdempastimted hereinaften wiidl aeferevcectn iffig. 717 /and hig. 18,nmavhighen
the through-hole is not less than 80 macross, solid electrolytic |layer 8
can be sonet illsiratsr meajovsteps uifaei mgthed wfemanafagtaging thaesdlidelacirdytisf

alum num foil 2. This problemcan be_ overcone_ by the follow ng nethods:
capacitors in accordance 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



As shown in Fig. 17, through-hole electrode 9 is forned in thrpugh- e 5.
As a material of eI ectrode 9, conductive a8hesive forned by mx?g beA
conductive particles such as Ag paste and Cu paste is filled into

t hrough-hole 5, and then cured. Then as shown in Fig. 18, solid

Cayer 1015 fhiate 3%5%3{#5‘1@@% ol'ytic layer 8. Thi s method prevents
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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 f,he 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



that the anode and the cathode are positively separated. ExenpghLyo0o4

Enbodi ment 4 The fourth exenpl ary embodi neAf of the present invention is
denonstrated specifically hereinafter with reference to Fig. 19 through
Fig. 22, which illustrate major steps of a nethod of manufacturing the

solid electrplytic.capacito I n_accordance with the fourth enbodi nent.
rch one of  {RETSHER Eeeroh i A RERTLA IO B, fBe T T poest (e b aious
May 2004 (hereinafter referred {0 as. por.ous_section 3), en formresjst
film4 on poPBElon bc ek Pl‘lﬂeiffl;o 'ﬁ?lﬁﬁr%d@rﬁlﬁml@ém% flpﬂ AIRInEHTER bigices?2
at given placggs, . then formipsulating filnms 6 on.the_non-porous face, (flat
face) and on thr formansulgineiine Pian the Bermorerece kERt fale) asdkom the jamer
and formdielegirig,coatin on rous secti 3, Thagse si.eps are the
She as thos@ Il dhtbertranh el HRHRova ReHS6 BT andderBidie e tb R IBEiE
formed on dielectric coat.ing,7. ﬁ} t hi tine, ﬁhen t he t hrough-hole is not
| ess than 80°RnPREQUESECHBP & o LRPFDISIEPS AleafBE 828, a5e therednnbhe Brsed
on insulating fil GHﬁ‘reepared on the flat face of alumnumfoil 2. This

pr obl em can 81[15\913?3@ by the following methods: As shown in Fig. 19,
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formed on t h?&sfélﬁ}wﬁ%ﬁeFPé. 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 insulatiﬁg film 6. This structure
prevents solid electrolytic layer 8 from being formgd 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



alumnumfoil 2. Steps follow ng the processes discussed abovg1 ,%?256@ samne
as the first enbodinent. To be specific, &ter through-hole el ectrodes 9
are formed in second through-holes 18, collector layer 10 is prepared on
solid electrolytic layer 8, and openings 11 are forned at given places on
insulating fi.lm®6 prepared on :il,l m num foil 2. Then connecting term nals
12 are forneéln‘%}'ﬁas%x%gétlpac : Usiyerbeigreer dtwonghdidn- képctredesct oaesl
9. As di scusscfd above { he fourth exenplary enbodi pent provides a
manuf act ur i nglweimee il ehangdoprayest sshidelpeirelapaem srachimesdompendnss il
18 13 May 20?4 increase insulation reliabjlity between through-hole
el ectrodes 9128y formned: sputhatdihe %Od&rﬁn@)ﬂé@éﬁ{h@ﬂ ang ROstavelyl spparatesm
- reaching to openings 11 l|ater forned, so that the anode and the cathode
are positively separated. Industrial Applicability The manufacturing nethod
di scl osed in_the p[ﬁsent .invention can readily manufacture the solid
el ectrol yti cln vitaialsheplisehilitan be connected “directly to seniconduct or
conmponent s and ha}ﬁ_l a fas&ér response to a high_ frequency as well as a
| arge capacit ance Iifomanyiagtumng mefhal disclasesdtmodhef pyasent doventiog gan
solid el ectrol%i.' C ca &éi tor, ﬁhe method including: a dielectric. formn
stage where ¥ chaet the sokids elepliglgic capaeiteissthal rar dbeoromnecte
nmet al sheet a}nde{ one a Porﬁ@us treatment, an gl ement form ng stage where_ a
solid el ect r BEGEHY toagapicondugtor.enmpenepts ahd hayecarigstazireswonse to a high
dielectric Cﬁati ”H and .
equency as well as a large capacitance.



a termnal form ng stage where a connecti ng termnal to an ex @uPabos
electrode is formed, wherein the dielectri&forning stage conprising the
steps in the order of porous section; section; place; (A) etching one
face of the valve netal sheet for producing a (A2) formng a first resist
filmon the face having the porous (A3).f L.Ng a through-hole on the
porous face at a given (A4) formng anq ting fil mon another face,
i.e., non porous face of the valve netal sheet and on inner wall of the

t hrough-hole; and (A5) forming a dielectric coating after the first resist
filmis renoved, erein the. el enent f.ormng stage .conprising the steps of:
(B1) Forming a soira 8 Btthorypf CRAREICtEH NG aF BicOIROENS: FHRacIiqrBoshe
formng a thrOL{: h-,hol | ectrode in the through-hole; and (B3) formng a
col l ector |ay% %Sﬂlflﬁﬁ“ﬁﬁgi d electrolytic layer; 20 13 May 2004 wherein the

2 G ven pl ace on ¢ he s neuPBIHC T ie SARBA hTerh lelordrReneF B4 grTpRd on
of the " openfr AR SERECE MY SUGHTRGRE AL BERT UL ESne MBOTRT BgaBRonE,
manufacturing the soli da%' eelg::t:{e%ltyfgi'r%irgga gga{:giet v?file:rc:)é 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;



claim1, wherein the el ement form ng stage conprises the stepf 18y bhgs or der
of (B1l), (B2) and (B3). 3. The nethod of #@&nufacturing the solid

el ectrolytic capacitor of claim2, wherein the elenent form ng stage
further conprises the steps of formng a second resist filmon the
insulating filmbefore, step (B 1); ,arid renoving the second resist film

fol | owi ng step (Bl). Whensig thetrbaintl Iamingstass sgnPHERG SRS ol yti ¢
capacitor of claim1, wh e)i the el ement . form ng _sta%)g conpri.ses tfie )
steps in the order of (BHI f]ommg@(omwns.atm@lm RACCO PR EHFU Y abingy

the solid electrolytic capacitqor of .-claiml1l wherein the elenent formng
stage furt he%h’oﬂ%ﬁﬂ%? agp&w fI@F? 0(&9 Vﬁb’renﬁnﬁﬁae]asq?@éb%mkresi st filmon
t he insulatingfilmbefor(eétﬁﬁ (,B2), and (B5) remgving the secc{od resi st
film wherein the el enent (GaritRYNE 2 GenBerpRE Jesmipal epcgpasad (iages of diheof
(B4), (B2), (Bl), nd, ( BS).. 2004 6. The net hod of

(B3 21 13 Ma
manuf act uri nQP?Wélgs%‘P‘%aﬁ%ﬂéﬁ‘-’t‘%@']}?fece]]@‘étﬁﬁé?’t or of claim1, wherein the
dielectric formng stage includes the step of forming a third resist film

on the another face, i.e., non-porous face, sinultaneously with step (A2),
wherein the elenent fqrm ng.sta co I ses the ste [ he order of
(Bl), (B2) and (sg), b0 i CHENCIECHIHRE Pt FOHG SeSHRLTAG Icauagitoncof

steps of. r Vi he .t hird.resi fi and . .
P claim {l,gwilerem he elemen% %orngnrtg] 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).



form ng. an opening at a given place on the another face, i. rous
face. 7. The nmethod of manufacturing the s8lid electrolytic gg%%%??ggpof
claim1l1, wherein the dielectric form ng stage includes the step of formng
a third resist filmon the another face, i.e., non-porous face,
sinmultaneously with step (A2), wherein the el enent form ng stage conprises
the steps in the order of (B2), (Bl) and (B3), and wherein the term nal

form ng stage includ the steps _of. renovjng {he ird resist film and
forming an openi n@-a?ﬁée grrleﬁrpfﬁ|0£d€aaﬁqu#@r%¢fa%r80§ﬁc@feqtlféy’ywn@ﬂ&vq@mugf
face. 8. The pethod of manufaciuring the solid electrqlytjc capacitor, of
claimi, whef&R the I@Flééi"?i‘iseie@fﬂﬁ? rf@r@%%étqg?cl’tﬁtiége% ﬁf@e Ste ngfmFlBF%ng
the insul atiﬁg fil m%li(:h thﬁt t he noF- porous face of the val Xe metail sheet
is covered iAEdiesistiilanen ther@othes face che-w BORRMAONR dage, SUPRitangonpivvitly
13 May 2004 V\/nergjiiris the el enment form ng stage conprises the steps in the .

order of stéBaP( ; the step of formng a second through-hole in the

t hrough-hole filled .up with the insulating film the step of formng.the
t hrough- hol e el ect r FHerpiRn h{%@@%ﬁarmm%a@&ew@m&naw %tspﬁmfﬁé grdenaf

met hod of manyfac in solid electrolytic capacitor of claiml1,
wher ei n one 1%@%@%%@ esin and adhesi ve photosensitive film is
used as the resist film. 1Q. The ,met hod .of nufagturing the solid
el ectrol yti c capaci W@Fr%lrnt %rmlﬁ}?‘i SUZESIRRe 1?‘@%'1%&3 tﬁ? ISF\"?H%ng ornmed by a
method selected from trg%: rircl)gl%he 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,



consi sting of imrersion, spin coating, screen printing, and f1d|‘0[by2004

| am nating. 11. The net hod of manufacturi n%2t he solid electrolytic
capacitor of claim1, wherein step (A3) includes applying photoresist on
both the faces of the porous valve netal sheet, and wet-etching a

patterned opening. 1 The, . net.hod of manuf acturl ng the soli d el ecirol t| C
capaci tor of cI ai mvfier ffllﬁﬁ?lleg’teélﬁ ?]ﬁ@}ng§ LaggrCOrERT 8RR theystgpain ﬁb@lm er of

t I b chin Chl ng,
61 FE1 B, Btk By SRS M oo AL e
manuf acturin the s idelectr capaci,tor of rein step
(A3) further Prtthy W@ngl&%écfé@s%@ ﬁ@mm%&% Ebrlh cipdenia
porous face. ,14. t hod of nanyfact ng the solid electrolytic
capaci tor of té%sﬁ%o{dagf g‘]&‘? lgi ain St%hgé@i-n step (A4) uses an
el ectro-deposition nethod to formthe insulating flm 15. The net hod of

manuf acturing the solid el ectrol ytic capacitor of claim 14, wherein step
(A4) includesforgingrlnsul resin.as a first and .formn
S

i nsul ating resin 1%%(?6‘?1 daggﬁn%?ufﬁcﬁ?ﬂﬁgnfl}ﬁ 6’0?} I eIepp ;%éf‘@é %01' of
ticl f. t t de o 0

manut act ur | nGietRe sBEPLF 1Dl Gt Pophetogeratbiia tes ahd g a phaisPesitie S

(B2) uses conductj dhesive.to formthe el ectrode. 17. The nethod of

manuf act ur i nff W?éi @%Fﬁ%rﬁlﬁ ﬁPBr ytic capacitor of claim1, wherein step

(A) is carried out by one of |aser-beam machining and grinding. 18. The
nmet hod of manufacturing the solid electrolytic capacitor of claimi1,

wherein step (C_:Z) 1H.Se’i‘h%°ﬂ1%"dﬁéﬁ Vot l%%?le ' Vt%r}r(t)g ftﬁé ngoﬁllae efe%%rno]lyrr]talclz ‘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



19. The nethod of manufacturing the solid electrolytic capaci{ppa@boog! ai m
1, wherein step (C2) is carried out by at 2#ast one of electro-plating and
el ectrol ess plating. 20. The method of manufacturing the solid electrolytic
capacitor of <claim1, wherein step (Bl) uses a conposition including a
conductive poiy_rrer to formthe solid electrolytic layer. 21. The nethod of
manuf act ur i n§l&1Be lsoF hareanesiepolAth Bseapdc Plﬁ?ﬁl‘%ﬂewlésnwtbg@4tﬁcf€amn@03,
wherein the conciuc_ti ve polymer is a conjugated polynmer containing a

pi - el ectron. 134 aﬁiﬁ’é’fi@thod of manufacturing the solid electrolytic
capacitor of- claiml1, wherein step (Bl) uses at |east one of a chem cal

pol ynmeri zation nethod and an el ectrol ytic polynerization nethod. 23. The
met hod of manufacturing the solid electrolytic capacitor of ~ claim1,
wherein step (Bl) 15nc|ﬁ@e§lerthpﬂ1 Hgmangdachveing ithm splid, glestrqletisi capacypr of
powder of the conductive polyner, and providing electrolytic polyperization
on the pol yn&lRim {4y whereiprdtepdAdd dnendas Aermamemsvdating resin as & festlayeri ¢
capaci tor of | ai m1, wherein step (B1l) includes formng the solid

el ectrol yti capéy&l'm%nﬁ}ﬁ‘-@??@gnﬁ%%n%%é‘ grepdidaysr beriging raicsenggbsiing
manganese nitrate. 25, The H:ﬁhOd of _manyfacturi ng_ci he solid electrolytic
capaci t or of Ca¥Ro% pauticles,pn WE%@&IP%Q?W%%@@ ®rm ng conductive

pol ymer by electrolytic polynerization follow ng the process of formng

t he manganese di oxide. 26. The nmet hod of manufacturing the solid

? : ﬁgt ::glr %glnc-p;?{) ?ibggfrhg‘;@e%?&”& 1’::1.aLVI\ihu%crtc(:atlurll'insgg,E %ﬁe (s%?}d gfe%%roﬁzjt%g ecg%agﬂzog fof

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



conductive adhesive to formthe collector layer. ABSTRACT A 2{B09064
manuf acturing the solid electrolytic capac?fl'ors that can be directly
connected to sem conductor conponents and have a faster response to a high
frequency as well as a larger capacitance includes: a dielectric formng

stage where g,val ve nstal.sheet S e porous and dielectric coatin
(7 s o ovikbh of P pit BECtpadionds PORREPrt R iisele £y SLiht oBratte
solid electraql .ti]% Jc,a er (8) and collector layer (10) are formed on the
dielectric Y 61(3%‘); and a termnal form ng stage where connecting

termnal (16) to an external electrode is fornmed. The el enment form ng
stage includes the steps of: formng solid electrolytic layer (8); formng

th h- hol I den( 9) | t hgough-hol e .(5) .t hat..is.prepared on val ve
ma{ glugs hegt e( S) ;GC% ?%ﬁerri)nﬁ%&mélo?f é‘&%b?g(cli‘b‘)n(’% n':}’§oF(?1&‘i @Ilg‘ttf‘ﬁ@it’;?t fapgeripxy of
(8). claim 1, wherein step (B1) uses at least one of a chemical polymerization

method and an electrolytic polymerization method.

23. The method of manufacturing the solid electfolytic 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.





