; TUW3eL6T METHOD OF MANUFACTWRI NG SOLI D ELECTROLYTI C CAPACI TOR, AND - 9
J UL 2003 APPARATUS OF MANUFACTURI THE SAME Technical Field of the

I nvention ' The present i \ﬁw Mat es to a nethod of manuf&kt prjiin g
solid electrolytic capaci mmm \m hi gh pol yner solid el ect irg(c)l“!/vl', Qgﬁ

an apparatus of manufacturi ngstdve*sane. Background of the Invention In the
recent trend of higher frequency in power source circuits of electronic
appl i ances, electrolytic capacitors ed in such electronic appliances are
dermanded to have an excel Izmm\wm\\“ Mr equency characteristic. To neet this
demand, in order to reali nce in high frequency region, a solid
el ectrol ytic capacitor using comdercti ve hi gh pol ymer having a high
conductivity obtained g/}lﬁg‘:}gé&pr ?ﬁlﬁl%gﬁgﬁe&}l{ga&igg Sas solid electrolyte
i's being proposed. In CMHR 1IS@LdMectrol ytic

capaci tor using conductive high polyner as solid electrolyte, as a nethod
of form ng a conductive MIgHGIROIATICI GARAGITORJIANDormng film
(dielectric) having an electric insulator, it is 1 - 9J UL 2003
proposed to devel opARP?ERAGW 60 FoOMA NJJ BAGTNURIN GeTH RS AMEmer film
conprising a step of formng a nmetal oxide (for exanple, manganese di oxi de)
formed on an anodic formng filmor a conductive high polynmer film(for
exanpl e) conductive high polyner filmhaving pyrrole chem cally oxidized by
anmoni um perfadHical Fiwldeef blechevrd seilonoxi dati on pol ynerization as a
conductive layer, and a step of feeding current to this conductive |ayer to
perform el ectrol ytTige popysBéhZat iwVentivMeVereldtesor dy t9 fardhaddi obr
polymer filmby electrolytic polynerization simultaneously in the

Fol | oui ng. o nd e e o Tt ol e ek e e, Sy TE et e

el ectrol yti q#19/nét Hb19d CONYcRr Bl ik, TRAATRM StiFpla At WY 6 0 lna A 0Ha SLPRGE

el ectrolyte (hereinafter called polynerization solution), each anode

el ectrode 8 flavikRehe& val ve netal and each current feeding electrode 9
(hereinafter called polynerization el ectrode) contact with each other.
Using this polynerization electrode 9 as the positive electrode, voltage is
appl i ed between the polynerization electrode 9 and cat hode 10, and

el ectrol yti cyRekyrEihadbf eHe FnReifidm™®d. I n this case, the polynerization
el ectrode 9 contacts directly wwth the conductive |ayer on the anodic

formng filmof thg, 3RRde.Ld£EIHrRAA S£0hi R Y FrG@ ey in power source
circuits of electronic appliances, electrolytic capacitors used in
such electronic appliances are demanded to have an excellent
high frequency characteristic. To meet this demand, in order to
realize low impedance in high frequency region, a solid
electrolytic capacitor using conductive high polymer having a
high conductivity obtained by electrolytic polymerization as
solid electrolyte is being proposed.
In a method of manufacturing a solid electrolytic
capacitor using conductive high polymer as solid electrolyte, as a
method of forming a conductive high polymer film on an anodic

forming film (dielectric) having an electric insulator, it is



However, the conventional manufacturing nethod of solid electrolytic
capacitor requires conplicated steps such as a step of preparing one

pol yneri zation el ectrode 9 for one capacitor 2 el ement, aqgéréﬂuigggng
contacting between one pol ynerization el ectrode and one anode

of valve netal. It is hence difficult to mass-produce efficiently. Besides,
when the polynerization electrode 9 contacts with the conductive |ayer on
the anodic formng filmof the anode el ectrode 8) the anodic formng film
may be injupedpbsedatsedavdddpchi veetiard . ofTNlo ntlirf 2 Céd i ven faetiveayhiggint act

wi th the conductive high polynmer filmused as the cathode. Accordingly, the
product nanpbbeikredilay & rivimocd myphavefahii@en | @akatwxicle (8l a | ow
wi t hstand voltage. In the conventional nethod, hence, it was difficult to

obtain a capagidpre,eh né&s diekid@) BeredObhdafl! £AHAN ¥bimiaFPAQt or of
high reliability. Yet, en assenbling a solid electrolytic capacitor by

using a capgfid @bn@AuRITENE HRMIHACY Me@dfidih (FYrSe eRRMYAIRL QA udBVBORight 1S
required to join independent term nal nmenbers (not shown) indivi dua% ly to

the anode apd]¢aleiO¢Ant W&vﬁﬁ?%r%@é@f’exﬁ@céﬁ? 6 /P#Geld0b yeh alRRhiuad

cover with external resin ( shown). It hence involves frany problens in

the assenbl b@ggﬁiﬁpées)i Poy e e RUMPRIa10b x AES EITR iﬂm%’g%eﬁg?atwniés a

therefore an object of the invéntion to present a net manuf acturi ng a

| . d | t . ] . . | | H H H
solid elec EQlé}r%gx'c%\?@@Q%gk%nhaa\"5‘89?gﬁﬁ%_e Fl}gtcflu,bﬁ;eﬁgﬁ% tRid Eﬁnd%‘éQg\?é or

reliability) out stahdi ng nmass p I bi an appar at us

manuf act uri P%é?%osﬁg?forn? eleFt?%lét%]@gggﬁf)béH%& of the Invention

According to irst aspect o ntion, € is provided a

manuf act uri ng net@ﬂg%8g8§gg#glgkgg;rq%yq%ggfagacﬂgﬁ{ ?ﬁmﬁhg§i_ P&hg? t eps

of : (a) supplying a ban aving a central p e W ection

 (a) supplying. et'al *havt ng FARE w dtt
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of prOtrUSIQQ:B’acitor elements of a plurality of capacitor elements, the

following method is required. That is, as shown in Fig. 10, in
an electrolytic solution 6 containing monomer such as pyrrole
and support electrolyte (hereinafter called polymerization
solution), each anode electrode 8 having a valve metal and each
current feeding electrode 9 (hereinafter called polymerization
electrode;) contact with each other. Using this polymerization
electrode 9 as the positive electrode, voltage is applied between
the polymerization electrode 9 and cathode 10, and electrolytic
polymerization is performed. In this case, the polymerization
electrode 9 contacts directly with the conductive layer on the
anodic forming film of the anode electrode 8 of valve metal.
However, the conventional manufacturing method of solid
electrolytic capacitor requires complicated steps such as a step

of preparing one polymerization electrdde 9 for one capacitor



(c) adhering a conductive tape to the central part, (d) formng a
conductive high polyner film above the plurality of protrusions, by
perform ng electrolytic polynerization by starting pol yneri zat ig)n UOW
conductive tape, (e) peeling the conductive tape fromthe net3lN u& clL
fabricating a plurality of capacitor elenents by cutting off each
protrusion of the plurality of protrusions, fromthe band netal form ng the
conductive high polymer film Preferably, the nmethod further conprises: (Q)
a step of ptbomegta modducitep lodyesndiiagt betweeheonei polpwerizatioshi ch

t he conductive high polynmer filmis forned on the conductor | ayer.
Preferably, eldtradepantl ¢:0¢ iimgld lede ctandec8iofevhleh mpotylner If is mdmed udes a
step of polynerizing the conductive high polyner filmon the conductor

| ayer el ect geffytulitd naby-piodied Befietywhlgt i ve tape as a common positive
el ectrode, and using el ectrodes connected to the individual power sources

as individual indgpendep! wReat ithe Porfidadestidl edRcabbde DheopRhRpd al so
i ncludes at |east one of the followi ng steps: (h) a step of |am nating each

capaci tor eLQRNhPEohBRPW PlYdY oAl tHARAGUEOFo PMERR i Pm3df PhoRGEIdd ed
position of a band nmetal |ead frame having a plurality of pairs of term nal

parts, (i) 2184155d2f 8CAHMECENIAGc SR T A Fildh fhlyThRa 5 Hed 16 &H&ﬁg%tey of

pairs of termnals electrically to the anode | ead-out ‘part and cat

| ead-out  paigle fE EERECIY ALY, This ag%@&(%&?fe AURT TRPyt NG 1k N3E /4 capaci tor

el ements with an external resin, a step of “fabricating individual

sol id el ect ghyhidk; FaRAgh! Py M¥r Gldhi 8 OTs 106 TRl LREM B TS

havi ng the covered capacitor “el enents, omthe netal lea rane.

Pref erably, th?ep%f@cpinﬂlﬂ&%é@m& B ARINTEHRl iéuiwpm%se ?OIr%%%%gPJaak

adhering an el'ectric insulating tape“to the centr art, n anode

| ead- out pard, ghnf NGaGeNY T Al PR LSEARA 330ed05M N 2chat RBYS gyt part

on the protrusions, fie Anode |ea(}}.§('t)€§ part and ca ele part are
electricall Xné{i%é‘é,ail%ﬂcg}’ it Q?asf' difficult to obtain a capacitor element for

realizing a solid electrolytic capacitor of high reliability.

Yet, when assembling a solid electrolytic capacitor by
using a capacitor element manufactured by this conventional
method, it is required to join independent terminal members (not
shown) individually to the anode and cathode (not shown) formed
on the capacitor element, and cover with external resin (not
shown). It hence involves many problems in the assembling
precision and the number of assembling steps.

It is therefore an object of the invention to present a
method of manufacturing a solid electrolytic capacitor having
excellent characteristics, superior reliability, and outstanding
mass produ‘cibility, and an apparatus of manufacturing the

same.



- 9J UL 2003 electric insulating tape, the conductive tape is adhered on
the electric insulating tape, and the conductive high polynmer filmis
formed on the cathode | ead-out part. According to a second aspHc

i nvention, there is provided a manufacturing nethod of solid eleCtralytic
capacitor conprising: (a) a first step of opening continuous hol es at
specified intervals, in a longitudinal direction of a continuous band anode
foil made of valve netal, (b) after said first step, a second step of

separ at i Pgmuary op thedlnyemtden f oi |, so that an end part side in a width

e 2 oo 000 P LR ARl LI A R L

and backofsoti@gleofrolytit dagieneecdnirisirgthastepoocover said holes, (c) after said
second step, a third step of formng a plurality of protrusions )
continuously &) suryingg bangd metalthaxing s ¢angral past vy g vedihrdiragton aed p pturalyy

sai d Catﬁﬂﬂ - rt, Foo Sl L rd step, a fourth step of
formng a gtrrlltl)sg(?% f?g{lemdoﬁgahfefl?ﬁigzﬁgl%a)rlgﬁ)edgﬁcpgﬁ’on the surface of said anode
foil, (e) aft@) faraiinog & oonduotos igyper aoviiafsulfast efthepluaadhe of ptrasiong)duct or on

t he anodic fo&gn’ a%f.fi | m of said cat Bgde | ead-out part uniformy in at |east
one of insul at® aqdlisring &randuciive tapede the qepral r said fifth step, a sixth

step incl udi n@i)%@ﬁﬁh%@c&dﬁ@ﬁ@é’ﬁf@h ﬁol%ﬁ@ieﬁﬁﬁ abdld tﬁ@guﬁﬁhw B@fsions, by

performng el ectrolyfic polynerization by starting polynmerization fronisaid
conduct i pexfarereg clegtbl¥tirprilymerization by startireg il ghenaitipnmgront theeonductive tapat hode

seventh st op (BFOHRIEE COUFPRGRt PRl i ve tape, cutting off oaid
ngg . ?tng?ee}‘ gq’rt?e {]eitbgfb@tiﬂgﬁl ipWiralitgl of Hapaitor eRAEntsAWY t@AhE RE dadH iprbitisidn bf Be
plurality of protrusions, from the band metal forming the conductive high polymer film.

Preferably, the method further comprises:

(g) a step of placing a conductor layer above the dielectric layer, in which the
conductive high polymer film is formed on the conductor layer.

Preferably, the step of forming the conductive high polymer film includes a step of
polymerizing the conductive high polymer film on the conductor layer electrolytically, by
using the conductive tape as a common positive electrode, and using electrodes connected to
the individual power sources as individual independent negative electrodes.

Preferably, the method also includes at least one of the following steps:

(h) a step of laminating each capacitor element of the plurality of capacitor elements at
a specified position of a band metal lead frame having a plurality of pairs of terminal parts,

(i) a step of connecting each pair of terminals of the plurality of pairs of terminals
electrically to the anode lead-out part and cathode lead-out part respectively,

(j) a step of covering the laminated capacitor elements with an external resin, and

(k) a step of fabricating individual solid electrolytic capacitors by cutting off the pair
of terminal parts having the covered capacitor elements, from the metal lead frame.

Preferably, the step of supplying the band metal includes a step of adhering an electric
insulating tape to the central part, forming an anode lead-out part at the central part side, and
forming a cathode lead-out part on the protrusions,

the anode lead-out part and cathode lead-out part are electrically insulated by the



(h) afteer said seventh step, an eighth step including lamnating a
plurality of said flat capacitor elenents at specified positions of each

terminal of a plurality of term nals provided at equal intervr_aT.Ig Juam
netal |ead frame, and connecting the individual capacitor ele t L)

termnals electrically, (i) after said eighth step, a ninth step of
covering said plurality of capacitor elenents 5 - 9J UL 2003 integrally
with an external resin so that part of said termnals nmay be exposed

out si de, elggidc msylagpg @Pesai d ninth step, a step of cutting off said covered

el ements int OthE gﬁl%drﬂgggeg%gg%Seaggzlgﬁeﬁggitﬁgag&ﬁg iiﬁkﬂ%a%iéggééeh&dmt al lead frane.

According to at nventi on, § provided a

manuf act ur i ngthappaduatiushigh pebined fikinds formeyt bh cheeerptaaietlerd-aft patte | nventi on
conprises: (a) a band nmetal supply unit for supplying a band netal having a
central part, and a plurality of protrusions forned at |east at one side
edge of both gj : Lyl t h@e -t t . b) a
dielectric foé%&ﬁ%ﬁgﬁlsfa ? %?’@ oagﬁ%&;ﬁgﬁathg?%%gg? g’i lEc:heﬁifailse (‘)/n g e{sg{ra g%(ec{ug]p gt he
pl ur al i tmethbd pf salidudearodytic(capaatoc oodpsiog: forming unit for formng a

conductor |ay o) he di.el ectric |.ayer, (d) a conductive tape adherj.n

it for | adhdd) gt SERYRRUREQpETG S RS rpR e el ae b dnfongitidin

el ect r ol §itdcEioR8F ¥ BBMtinGBhH4 BihdWinbde foflr mAd dTivaBean@gnduct i ve hi gh polynmer film
above the plurality of conductive |ayers, by perform ng el ectrol gél C

pol yneri zat i ofb) bfferssaist fiishgfepdl speend sten ploseprating sdié bawhehasleifvid sodhat,an(enyl a
CONSUCt e PR, RS Tt e RSP OSBRI 5 PR Y e
capaci t obe gh an®iet lsad-bit dH, tbiyngihefifg b @ie¢iritliabulpting taps it6 Mscel adnbdcResides of
PUr Al Dindde Boil S0 85 10 cover said holss, ¢ et @l formng the

(c) after said second step, a third step of forming a plurality of protrusions
continuously by forming slits at specified intervals in the end part of said cathode lead-out
part,

(d) after said third step, a fourth step of forming an anodic forming film as a dielectric
on the surface of said anode foil,

(e) after said fourth step, a fifth step of adhering a conductor on the anodic forming
film of said cathode lead-out part uniformly in at least one of insular state and layer state,

(f) after said fifth step,0a sixth step including adhering a conductive tape on said
insulating tape, performing electrolytic polymerization by starting polymerization from said
conductive tape, and forming a conductive high polymer film in the cathode lead-out part
through said conductor layer

(g) after said sixth stepT] a seventh step including, peeling off said conductive tape,
cutting off said band anode foil into individual pieces, and fabricating individual flat capacitor
elements

(h) after said seventh step,[Jan eighth step including™ laminating a plurality of said
flat capacitor elements at specified positions of each terminal of a plurality of terminals
provided at equal intervals in a band metal lead frame, and connecting the individual capacitor
elements to said terminals electrically,

(i) after said eighth step, a ninth step of covering said plurality of capacitor elements



conductive high polyner film Preferably, the band netal supply unit
includes a slit formng unit for formng a plurality of protrusions by
forming a plurality of slits at specified intervals in the end part | he
width direction of the band netal. Preferably, the apparatus- udtl]llgrédhé
conprises at |east one elenent of the follow ng constituent elenments: (h) a
| am nating unit for |lamnating individual capacitor elenents of the
plurality of capacitor elenments at specified positions of a band netal |ead
frame haiteggplly Withampxtespablesivgiortbat partiof said ermipgls may beiexpesed entsislet ansly uni t

f ' .hal s of h.. pali . the: pl.yral i f ' fo .
o poonnect o bRETLAR T SUAEH! otk MBI LY il o i
cover i ngpiebs ahdReprpitig RaPAL hewl Rhéfames with an external resin, 6 - 9 J

UL 2003 and (k) a product dividing unit for fabricating individual solid
el ectrolytic capacitors by cutting off the pair of termnal parts having

the covered Cﬂ?@o‘}' 8 t0€h & 8ta%p§<{%°6‘? fHeeirf¥Ehfin 'tﬁé&@ fs" ide@%?ﬂa%ﬁa%t&& a
third aspect of the~invention, ere I's provided a manufacturing appar at us
of sol i dappaetty aflsplid elecaplgtic tapactangfithsinvgnticn ampriseyg unit for opening a

o SRR b SRS o A o oy
back of douT AR B PONEULAIIAh ol RasQR ORE MO cBB: DM Bt e SAG S e 3 Bof
slit forsidesgpfihe ¢central pdrgrming slits at specified intervals in the end part
'n the wdth (b) a dielectric forming unit for forming a dielectric layer on a surface of the plurality

of protrusions,

(c) a conductor forming unit for forming a conductor layer on the dielectric layer,

(d) a conductive tape adhering unit for adhering a conductive tape to the central part,

(e) an electrolytic polymerization unit for forming a conductive high polymer film
above the plurality of conductive layers, by performing electrolytic polymerization by starting
polymerization from the conductive tape,

(f) a conductive tape peeling unit for peeling the conductive tape from the metal, and

(g) an element cutting unit for fabricating a plurality of capacitor elements, by cutting
off individual protrusions from the plurality of protrusions, from the band metal forming the
conductive high polymer film.

Preferably, the band metal supply umit includes a slit forming unit for forming a
plurality of protrusions by forming a plurality of slits at specified intervals in the end part in
the width direction of the band metal.

Preferably, the apparatus further comprises at least one element of the following
constituent elements:

(h) a laminating unit for laminating individual capacitor elements of the plurality of
capacitor elements at specified positions of a band metal lead frame having a plurality of pairs
of terminal parts,

(i) a connecting unit for connecting terminals of each pair of the plurality of pairs of

terminals electrically to the capacitor elements,

(§) a forming unit for covering the laminated capacitor elements with an external resin,



direction of said anode foil, a formng treatnment unit for formng an
anodic oxide filmby formng treatnent, on a cut section of the anode foil
produced by formng said slits, a conductor layer formng unit for formng

a manganese di oxi de | ayer by applying an agueous sol ution of n S
nitrate on the end part of said anode foil after said form nﬁr@mm

and perform ng pyrolysis, a conductive tape adhering unit for adhering a
conductive tape on an insulating tape of an anode foil after form ng said
conduct o#nd ayer, a pol ynerization unit for formng a conductive high

polymer filmjRn t . t ' ' sak-d. anode. .f Qi . Whi.ch. sai
conductive t ag(g 4 @ %g'gﬂﬁlglg{qgn‘?%}]f%@%ﬁgg éﬁélglﬁlﬁgl ogﬁltdi %%%trogﬁécmgéﬂ%fllﬁ%?ibg’i ng
el ect r ol yitlig@bifthe paie wTdedtihvepdrafitaviipethe noveral tcapavitopeRhit@tsSROM om1alt | ve
tape fromsaid anode foil after formng said conductive high polynmer film
an el enel§ed §pWedi ng unit for obtaining flat capacitor el enents by cutting
of f said anode foil fromwhich said conductive tape is peeled into

i ndi vi dual pieces, an elenment lamnating unit for |amnating and nounting a
plurality of Atetrdingp@ca tthird edspeendfSthat invpetion i theke psprovided ©imamufictralg ty
of term nal s praovi Sd at ual intervals, in said band netal lead frane, a

connect | FRP{RYYOLsgH EEﬁﬁ%lgﬁ? ﬁ@}’@ﬂ%ﬁ%ﬂ%e parts of said plurality of
elements 7 5 dﬁllﬂllglﬁnh fgp%n]ﬁ{ge&ﬁlﬁkeﬁﬁ}ll b¥hd16s EMBinh&us gtaslgléclzigedwiméﬁm% B t

for covering the plurality of “capacitor elenments integr th an
ext er nal longisudinal direttain &f emtinadusdand anaderfoil avale why vbbyeengtalsed out si de, and

?nf (r)oduct di Véng {ngglaHrrllgl Eap]; %[:lhéjrin\fgl ﬁjnlitnﬁ)r tagﬁer?nagpa%ciinglﬁarltinegl t%}r)rg p(;[ facé ]:1}1(? [)acrlr(osl.igfi:sng
of said anode foil so as to cover said plurality of holes,

a slit forming unit for forming slits at specified intervals in the end part in the width
direction of said anode foil,

a forming treatment unit for forming an anodic oxide film by forming treatment, on a
cut section of the anode foil produced by forming said slits,

a conductor layer forming unit for forming a manganese dioxide layer by applying an
aqueous solution of manganese nitrate on the end part of said anode foil after said forming
treatment, and performing pyrolysis,

a conductive tape adhering unit for adhering a conductive tape on an insulating tape of
an anode foil after forming said conductor layer,

a polymerization unit for forming a conductive high polymer film in the end part by
immersing said anode foil to which said conductive tape is adhered in an polymerization
solution, and polymerizing electrolytically,

a conductive tape peeling unit for peeing said conductive tape from said anode foil
after forming said conductive high polymer film,

an element dividing unit for obtaining flat capacitor elements by cutting off said anode
foil from which said conductive tape is peeled into individual pieces,

an element laminating unit for laminating and mounting a plurality of flat capacitor
elements at specified positions of a plurality of terminals provided at equal intervals in said
band metal lead frame,

a connecting unit for connecting the electrode parts of said plurality of elements



i ndi vi dual pieces. By use of such manufacturing nmethods and manufacturing
apparatuses, it is easy to work in the steps fromformng treatnent to
el ectrolytic polynerization for manufacturing a plurality of capacitor

el ements continuously, and the mass producibility notably er a{] zqq%
Moreover, it prevents occurrence of defective part due to 1 nYu f

anode foil. Therefore, occurrence of defective part in the conductive high
pol ymer filmis prevented. As a result, the invention provides a capacitor
el ement dlentrieadlyitel the teigninglsyt i ¢ capaci t or havi ng excel | ent perfor mances,

such as a s I r Al | .age -
reliabili tyTTBdThjé) l(grﬁ cuegsﬁ)? &éo%e%ﬂlse&%p%ﬁ?{bgn% ﬁ%‘%l@gel%ﬁ% ?J?ﬁz;t?? £ {}?3{7“}1 an
capaci t asxteeh#lnedin So that apiraostisaidtethminabaday basspokad sitsige,and having term nal s
to the step of covering these |lamnated matters with an external resin can
be done cont ihwsicy BYiding Heit tfee dxdineg g, capasiar felements Aften aoldigy Intp he
solid elggi {qqlhyé/iggespapaci tor having an excellent assenbling precision and a
hi gh reli albl Ity can be manufactured efficiently. Brief Description of the
Drawings Fig. 1 is a conceptual diagram of a manufacturing apparatus

showi ng a manyfacturi ng nethod of a capacitor el ement in a manufacturing
nmet hod of a 2'%‘( v gf é‘t‘?lr’BP‘;‘}{r}?‘éurd%ﬁ)Hl?F OE‘F and manuiachmeIARaraisesHE 13 $ASEAR on.

Fig. 2 igok iH'tﬁé‘s%{)@ﬂ’o&hﬁ%ﬁ& Peathdit&o HecABR DI EALibA f&'m ufid h in
a manufacturing nethod of a solid electrolytic capacitor in an enbodinent
of the iplumhty ofcapacigor deingnta cohtimuopskywand the mgssapwdacibilivy natibbyr emtgineed.
electric jnsulating tape on an ode .foil in a .manufacturi thod of a
cot 1o eI MRRPUrS e BRe B tR ST ARE O b ik R of e oG a8 | Fireie

i nvent i gcufrérte of defec@vapartin\th@vortloNd gl PolgiRe Elrh @¢ prebafted. eAs Rkdsungther

ot her treatnent of cut section, in a manufacturing nethod of a solid

el ect r ol py¢ntionapreridesra icapagior elrsernteat sotid ¢ dlectiolytion camngitorrihgving ¢xgelignt

i ouasr RO ARES L ot S D SN R R BRS B esE R bl Plgpit
el ectrol yti c Teppotéssrfrdn tlenstepriod timipnting®h plurelityrofesabacitor efingentHon & angl an

vi ew show ng an _anode foil to which a conductive tape is adhered, in a
manuf acterhlsadfams dorgring aad,having terminals to the step of covering these laminated matters

with an external resin can be done continuously by using the band metal lead frame.
Accordingly, the solid electrolytic capacitor having an excellent assembling precision and a

high reliability can be manufactured efficiently.

Brief Description of the Drawings

Fig. 1 is a conceptual diagram of a manufacturing apparatus showing a manufacturing
method of a capacitor element in a manufacturing method of a solid electrolytic capacitor in
an embodiment of the invention.

Fig. 2 is a plan view showing a state of opening holes in an anode foil in a
manufacturing method of a solid electrolytic capacitor in an embodiment of the invention.

Fig. 3 is a plan view showing a state of adhering an electric insulating tape on an

anode foil in a manufacturing method of a solid electrolytic capacitor in an embodiment of the



el ectrolytic capacitor in an enbodi mrent of the invention. Fig ? is a
partial plan view of a netal lead frane used in a step of assenbling a
solid electrolytic capacitor, in a manufacturing nmethod of a solid

electrolytic capacitor in an enbodi ment of the invention. Figkdﬁd'szﬁ
partial plan view showing a solid electrolytic capacitor fdr l. ﬂahng
an external resin on a netal lead frame, in a manufacturing nethod of a
solid electrolytic capacitor in an enbodi ment of the invention. Fig. 9 is a
manuf act ur i ngvemdomss di agramin a manufacturing nethod of a solid

el ectrolytic capacitor in an enbodi ment of the invention. Fig. 10 is a
schemati ¢ di agr anFsgoviisga lamnsiéw th oning aanaabdet fodl Weifor pdbyfmmigzat i on
tank in a conventional nmanufacturing nethod of a solid electrolytic

capacitor. &r othed tiebtin 2000f Rat afe@bion NimarmabhaiAaederirog n2d 1sat afiang
t ape3Anode | ead- out part4Cat hode | ead-out part6Conductive

t ape6Pol ymegplAdt & e t301 piilcod ot ok ricke pANchablo d ai 106 s L hEoriv évit ibneat nent
st epl2Conduct or | ayer form ng stepl3Conductive tape adhering

st epl4Pol yneri zat Fog. % €91HHF0OEHGT1iUE b kD eV é NEiew AHAMAL @l c dt2d e

framel7El enent nounting unit18Anode term nal 19Cat hode term nal 20Sol i d

el ectrol yti fe £RRAR (P4 R3S! fdredBA OLhESYRIuAR A RD [RSCHeRALANIPT ihha
I nvention A process showi ng a nanufacturing nethod of a solid electrolytic

capaci tor i ph A S BN &fhédCof W &Yl @Nel e tBlytic Bapablitor2QR3 aghown in
Fig. 9. In Fig. 9, the manufacturing nethod of solid
embodiment of the invention.

Fig. 6 is a plan view showing an anode foil to which a
conductive tape is adhered, in a manufacturing method of a solid
electrolytic capacitor in an embodiment of the invention.

Fig. 7 ie a partial plan view of a metal lead frame used in
a step of assembling a solid electrolytic capacitor, in a
manufacturing method of a solid electrolytic capacitor in an
embodiment of the invention.

Fig. 8 is a partial plan view showing a solid electrolytic
capacitor formed by molding an external resin on a metal lead
frame, in a manufacturing method of a solid electrolytic
capacitor in an embodiment of the invention.

Fig. 9 is a manufacturing process diagram 1in a
manufacturing method of a solid electrolytic capacitor in an
embodiment of the invention.

Fig. 10 is a schematic diagram showing a constitution of
an electrolytic polymerization tank in a conventional

manufacturing method of a solid electrolytic capacitor.



el ectrolytic capacitor of the invention conprises: (a) a step of opening
continuous holes at specified intervals, in the longitudinal direction of a
conti nuous band anode foil nade of valve netal, (b) a subsequent step of

separating the band anode foil, so that the end part side in the width
direction may be a cathode | ead-out part and that the centr-a ?ng may
be an anode | ead-out part, by adhering an electric insulating tap€ to face

and back sides of the anode foil so as to cover the holes, (c) a subsequent
step of formng a plurality of protrusions continuously by disposing slits
at specified intervals in the end part of the cathode | ead-out part, (d) a
subsequent Ré&fdredicd NumBgads) anodic formng filmas a dielectric on the
surface of the anode foil, (e) a subsequent step of adhering a conductor on
the anodic form ngnbikme@f the cathode | ead-out part uniformly in at |east
one of insular state and |ayer state, (f) a subsequent step of formng a
conductive i gh F¥H§ﬂq?Qiﬁglﬁgﬂé1 t he cat hode | ead-out part through the
conductor |ayer, by adherrng a conductive tape on the insulating tape, and

performng gl ectr hghgqu%Lxgﬁrdg@gion by starting polynerization fromthe
conductive tape, ?g) a subsequent step of fabricating individual flat

capaci tor ejenent l.ign f he conductive tape and m - 9 J UL
2003 cuttih% of f ? gﬁ%%%ﬁ%ggb ggg%P# into individual pieces, (h) a
subsequent step of,la E@@g'@g g plurality of the flat capacitor elenents at
specified positions of eac Bfminal of a plurality of term nals provided

at equal ingervalg,j | .Lead frame) and connecting the
Yo fal e A EEL Ayl

i ndi vi dual capaci enents to ermnals electrically, (i) a

subsequent step Q§089%%Wen 4 55@%#£ﬁ+3%% of capacitor elenents integrally
with an external resin 'so that part o e termnals my be exposed

outside, ang, Forming treatment step

12 Conductor layer forming step
13 Conductive tape adhering step
14 Polymerization step

15 Conductive tape peeling step
16 Metal lead frame

17 Element mounting unit

18 Anode terminal

19 Cathode terminal

20 Solid electrolytic capacitor

23 Slit

24 Protrusion
Detailed Description of the Invention

A process showing a manufacturing method of a solid

electrolytic capacitor in an embodiment of the invention is

10



(j) a subsequent step of cutting off the covered elenents into individual
pi eces and separating fromthe netal lead frame, In this constitution,

is easy to work in the steps fromformng treatnent to electrgly

pol ymeri zation for manufacturing a plurality of capacitor ele anﬁ_ZUUS
continuously, and the mass producibility notably enhanced. Moreover) since
electrolytic polynerization is perforned by applying a voltage through the
conductor |ayer, by starting polynerization fromthe conductive tape

adher ed adjgt@nhl yn Highosit danFag! ionNaé thah€a et biate rh eelilo WL palild, it
prevents occurrence of defective part due to injury of the anode foi

Hence, contgelctPdlyithe caprdicsdt v¢ thedin POhYIBR cbindl pRidsst he cat hode with the
defective part is prevented. Therefore, occurrence of defective part in the

conductive high p@hynerstdp mois o@re%\iﬁgteébnﬁsuﬁ)lfsesﬁblestQ@ isPeRftile@n
provi des a capacitor element for solid electrolytic capacitor having

excellent 1% terva¥dsJ ind the2@9§gpﬁfdﬁ{aﬂa'aci?§ct1%‘ﬁch)faﬁ oaTPhliolgakanr rent,
hi gh wi t hst and voItage and excellent reliability. Preferably, the step of

form ng the, 0RdUGL] Weadé loT v A UdEsS 2, Step of formi ng the conductive high
pol ymer filmby electrolytic polynerization, by using the conductive tape

d
?ﬁdipéﬁﬁﬂﬁ? pover Cdonr eaReUR R ! Y pRra e D ERIREEE o,
ti t f . t t
i form y. onpty a8 6A8 fhrl Bk fIF o8k FARFR dladoufoh Bk IThpa 4a°°210n Jcti ve

hi gh pol'ymeye f orﬁ‘thg Pgax?dU{HJPrt'i‘P gmti-él J:{E‘é rx%fa‘irr%%' ta@l%d?aase

mat eri al of t e con Ive tape I's ma one neta ree rom

anodi ¢ oxi dal o1y Jtyygﬁ'h%%sg {5 o sta wn%%ﬁam 533 gkelenand the

adhesi ve na erl al esive |ch can be on1the

adher end. Q%% 'ssid% ftjcﬁgt etfgfi %Vset oe,%trst}a %1 further enhanced

Pref erably, e con Ive H mer % 1 Mo nel udes a pbl yner havi ng at

| east one sel ecte n1th rqQu onsi of r h|o hene furan,
and their deri vat{j\) rlf?’tQc te fpepgthS%l one ?ﬁﬁ ra?lté’oﬂé |rf’uf %ldnst he

b ff furt h h d f f I
shove ot ecL gy S, HAEL SRS wPO PRSI M
9J Ut~ Olﬁg%tofqﬁﬂlkgkhgge% %h Lg@lgpenlng a plurality of holes

e above

(d) a subsequent step of forming an anodic forming film as
a dielectric on the surface of the anode foil,

(e) a subsequent step of adhering a conductor on the
anodic forming film of the cathode lead-out part uniformly in at
least one of insular state and layer state,

(f) a subsequent step of forming a conductive high polymer
film in the cathode lead-out part through the conductor layer, by
adhering a conductive tape on the insulating tape, and
performing electrolytic polymerization by starting
polymerization from the conductive tape,

(g) a subsequent step of fabricating individual flat

capacitor elements, by peeling off the conductive tape and

11



continuously at specified intervals in the |ongitudinal direction of a
conti nuous band anode foil nmade of a valve netal, an insulating tape
adhering unit for adhering an insulating tape to face and back sides of the

anode foil so as to cover the plurality of holes, a alit fornj it
formng slits at specified intervals in the end part in the mﬁthHgergppon

of the anode foil, a formng treatnent unit for form ng an anodi ¢ oxi de
filmby formng treatnent, on a cut section of the anode foil produced by
form ng theutting ofé thenbaadoanbdyefoil dhtbnigpdinid ubbrpikorsj ng a manganese
di oxi de | ayer by applying an aqueous sol ution of manganese nitrate on the
end part of the ghydeshbdisk qafelrar stdye off dam itpe tihgah rpniral Btydo pehieoflaing
pyrolysis, a conductive tape adhering unit for adhering a conductive tape

on an i nsulcaipaRgtérRAedierdts Arodpetifiédapbsitiéns dMeacheteondngl @t hayer, a
pol yneri zation unit for formng a conductive high polymer filmin the end

part by i mpngatyt b 3P nkAk! ptevide &hat heg e@Nduleirvals e 4 Shadhered in
an polymerization solution, and polynerizing electrolytically, a conductive

tape peelingetdl t1d4 PREMRY (ot COPAHEELME: { BRE fhATId\CaBNOsiga ol af ter
pol ynmeri zation, an element dividing unit for obtaining flat capacitor 14
elements to the terminals electrically,

(i) a subsequent step of covering the plurality of capacitor
elements integrally with an external resin so that part of the
terminals may be exposed outside, and

(j) a subsequent step of cutting off the covered elements
into individual pieces and separating from the metal lead frame,

In this constitution, it is easy to work in the steps from
forming treatment to electrolytic polymerization for
manufacturing a plurality of capacitor elements continuously,
and the mass producibility notably enhanced.

Moreover, since electrolytic polymerization is performed
by applying a voltage through the conductor layer, by starting
polymerization from the conductive tape adhered adjacently
without contacting with the cathode lead-out part, it prevents
occurrence of defective part due to injury of the anode foil.
Hence, contact of the conductive high polymer film as the
cathode with the defective part is prevented. Therefore,
occurrence of defective part in the conductive high polymer film
is prevented. As a result, the invention provides a capacitor

element for solid electrolytic capacitor having excellent

12



- 9J UL 2003 elenments by cutting off the anode foil fromwhich the
conductive tape is peeled into individual pieces, an el enent |am nating
unit for lamnating and nmounting a plurality of flat capacitor elenents at

specified positions of a plurality of term nals provided at egga“xgr?ma/al S
[

.in the band netal lead franme, a connecting unit for connect
el ectrode parts of the plurality of elenents electrically to the term nals,
a nolding unit for covering the plurality of capacitor elenents integrally

Wi th an extgsifekmfsdes,Seuchatasa fpagthadl leladk t@IrddIY, shiglk keitbxpasdd
outside, and' a product dividing unit for dividing the capacitor elenents

after nol div@taged aniexcdUalntpr&leabilityh this constitution, a series of
processes can be executed continuously. Hence, the productivity is

extremely inprovepefdabllel , tite SQkbf QIfeClor@h g C thaPad Diciaei NG1an
excel l ent assenbling precision and a high reliability is obtained.

Preferably,jddlutile QCEt\égEB??t%Ehﬁ@lgeltﬁﬁtém&um BEEhop Ml el AR Blyytic
pol ymeri zation, the conductive tape adhered on the Insulating tape of the

anode f0i | {13.US6M 138 FolSARBPILAISh! IME 18iSE 888 coRBd i Pl Welld tab &

stainl ess steel plates di'sposed i ndepéndently on the polynerization

sol uti on - sUfdage, 2% 2514 0 230 LRIRGNE BRIARP! o Alichyagt eal hade. d qad- out

portions are used as I ndependent hodes, and the polynerization unit is

conposed sq; g, 4 & FARL %o@vé’x%gggge?.et et ioconstitutichligWPaftien ARSI tive

el ectrode an egative electr In this constitution, the potential is

lied uni . Gat hade | ead- t oy ot ' | lyti
appl i ed uniipg Mhio00 LREIGHY,NIS hSAduuhl DAL Bnal chlle Bemuiplu gty ol vUic

pol ymeri zat 1 on. a coriductive hi a

e or | B hOIRdon R CLAIAYION S HER S62L0A% o PBAR! ALda out

enbodi nent s I nvention are I ow. e ry Enbodinent 1

Fig. 11 | di fagl.Uki . .
manat act ur | RE B ofehis S tagt (PRI RRYel bk IRBPA R xilying a, o

enbodi nent of .t he iswventign. Fiig. 9 shows a manufacturing process of a
solid el ect‘rlgfiiﬂ iimhs fdims _

i 6apaci or Of "the enbodi rent of the invention. The
constitution of the nyf.act.yr i appar at us yand t.he manyf act uring net hod
are not Iimted threfRRPISy | the MheEREREHIRAIOE GRE RN AEVEORF R Ty
expl anati on_of thﬁ afgies of nanug o uri@g nmet hod,. each, pr.ocess is t
doscri bed aBatutRgtt A0 RPy One NGk i oep TPof aidaic TRt i8R BRobdrty

selected from stainless steel and nickel, and the adh;sive
material has an adhesive agent which can be easily peeled from
the adherend. In this constitution, the above effects are
further enhanced.

Preferably, the conductive high polymer film includes a
polymer having at least one selected from the group consisting of
pyrrole, thiophene, furan, and their derivatives, as unit of
repetition. In this constitution, the above effects are further

enhanced.

A manufacturing apparatus of solid electrolytic capacitor

in an embodiment of the invention comprises:

13



Fig. 2 shows a state of opening holes continuously at specified intervals
in the longitudinal direction, in an anode foil 1 made from a val ve netal
In the enbodi nent, two rows of holes la are formed in the width dir

The anode foil 1 is an alumnumfoil (thickness 100, m. The—ihnjbﬂg%
alum num foil has an el ectrochem cally roughened surface, and 16 ~-
L 2003 an anodic formng filmforned by a formng voltage of 35 Vis
di sposed on its surface. Fig. 3 shows a state of adhering an electric
i nsul ating tape 2asodedling coveit t fer hodeenireg ofa t hd varediey f @ifl holes Fig. 2
fromthe face and back sides. By adhering this insulating tape 2 to the
anode foil, contimueepyr at exp écifie dann benodel sl Badheulo pgittu d3nabd ixee titdinde

| ead-out part 4 as described below. As shown in Fig. 4, by formng slits at
specified iaf ar vahsinuoihd aard] aprrde foilt hadw df la datectmeotalpf t he anode
foil 1 to which the insulating tape 2 in Fig. 3 is adhered, individually

i ndependent cat hoda | feghlitinpartspéd ardhddmpedunibatfors, atherhend aanode
foil 1 has a plurality of protrusions forned at both ends, and the
plurality oinpildting Dape tAVEacatainll® alckagidsld ofavHe ahodENCoiladd@deto

| ead- out part 4 neasures, for exanple, 3 Mm X 4 nm As indicated by dotted
line in Figcod#ertthe plhesglitpad Rbleqarts 3 and cat hode | ead-out parts 4
which are finally divided into individual pieces are separated by an

insul ating tape 2q #iigfoPmifg2ud@oiblifRdminVs it se56 8Pkt fie RAMtS rPh1d he

cat hode | ead-out parts 4 individually forned i ndependently by form ng such

slits as nmephignednabpy et iAStHd SAld th! AR ddtfonof tRHE d\Sdd @bjIng tape 2
adhered so as to cover the holes la formed in the anode foil 1 conpletely

covers the holes hafqr/ﬁ?g?% e 08t e thuh D€ FERRYEAG LG 4 A% RS BGESsi Y rakenent

mentioned later) it is ective to prevent the aqueous sol ution of

TANganese Nyt fhvin g Leatmlntilor?h b ROLYSEENZGE LAD 44 KON SFATLELLED] O

up to the andde | ead-out part 3 side. Consequently, orm ng treatnent of

the cut sec%&ogn?ﬁiﬁgghgngﬁgsfoiI 1 shown in Fig. 4) an anodic oxidation
filmwas forire forfing treatment step 11 shown in Fig. 1). In succession,

the aqueous sol ut iaoaoegumgqra‘;%ﬁ f%{ﬁgs YRA @Qp'ﬂo%gbiggctah&a&%mg@e

| ead-out parts 4, and by pyrol ysis m nut es at nganese

di oxi de | aygy f d t C rlea L0g step
12 in Fig. %19%%1%'3‘%”5%2 f%f&%%rag%aé%g{;%gtﬁ?gyﬁ;g%né)rf, ng%%%%g%: ive
tape 6 was hn Fi g. ' CO i \pe:qt d i 13 in
Fig. 1). Fu?’?ﬁ%&dtﬁi %g\é\gnpoplagqlo?o%\gi gﬂgtatﬁe\fgblngaﬁg{a?vgﬁ ag%ngh\?\gs
adhered in repar atel wer ntially imrersed in the
polynerizat&ggaggﬁﬁﬁfgﬂug%fgg&g%ﬂe u§y§§ uqun of 0.2 mol/liter of pyrrole,
and 0. 1 mol /1iter aoiox?h{&’{i&a?@,g?ad@i‘eri%gdhﬁ%ffgi- d 19 ol §%oBAUELL Ve
tape 6 as a comon positrve eletiro 63 ard "using four’'s & N1°8SS 56t

pl ates disp n the.liguid surface as_four ind ndent cat hodes,./, a
vol t age masQ§§§|?8d58eEﬂ%gﬁaﬁﬁ%‘58 th3eag|egeﬁgd§%§n ﬁﬁgbg?fvﬁnglg%?rodes,
and el ectrol yti | yyerizati on was performed. A conductive high pol yner
filmis forﬁéhdguncqtg elrgg’r?trfre surface of the cathode | ead-out parts 4. In

the period fromputti t he. anede foils in the t.ank containing the.

pol yneri zati on solautﬁ’éc:ﬁ'lﬂﬁfﬁa 8Rin nlotutfl,ort r#érabll%e?i fgflidc‘)lr?th%r gé%lhf rom

t he conductivq t ape 5, and 18 -9 JU% 2003 conductﬁye hi Qohyner film
was for med c%) YIReT, fmelgu%eaceél%f part by immersing the anocde Toil’ to

which the conductive tape is adhered in an polymerization

on.
‘Y he
9J U

solution, and polymerizing electrolytically,
a conductive tape peeling unit for peeing the conductive
tape from the anode foil after polymerization,

an element dividing unit for obtaining flat capacitor

14



the cathode | ead-out parts 4 in about 30 m nutes (polynerization step 14 in
Fig. 1). Mreover, the anode foil formng the conductive high polynmer film
was taken out of the polynerization solution 6, and the adheri Enzgqave
tape 6 was peeled off (conductive tape peeling step 16 in Fi gt 1).ﬂ3

way, a aeries of steps fromformng treatnment until polynerization was
executed continuously as shown in Fig. 1. At this tine, the sequenti al
processing steps were carried out so that the rollers for conveying these
sanpl es ni ghltementsdnt agttiwig bff hbe catdbeldoilefibrouw hpal ttdedcomd netivieor mi ng
t he conductive high polyner film a carbon paint |ayer and a silver paint

| ayer were fapered peelepeinfo éddporduadnpiedfest,he conducti ve high pol ynmer

film A portion used as a capacitor elenent was individually cut off, and
one capacitor el earndlesmsnpriepairegkinghenit tfakilagnmdtinkeaadt hodentiegd and
anode | ead, the individual capacitor elenents were externally coated with
an epoxy regiglurblisy of Hakichpd @ebf A1¥in en GARACH Wi fiab poeMtilo@isedf d N the
enbodi ment, as required, plural independent negative el ectrodes can be
used. In thﬁl&ﬁﬂaﬁyt@ﬂ' tek 8IS pP6vERId ditebqalal Ol dré adaPacith@’ band

manuf actured in this manner, the initial characteristics of 19 -9J UL

Q003 el ect r pgltall i1e adePPeinley, tangent of loss angle (dielectric |oss
tangent), leak current (10 V applied, 2 mnutes), and wthstand voltage

(breakdown vol t agg @fnS&dtid geh Rl £&Y M&hﬁe@&ﬁ?gc'th@relg)ét%@éfita'r'ﬂg ofalage at
arate of 0.2 V/1 sec) were neasured. Results of neasurenent are shown in

Table 1. plurality of elements electrically to the terminals,

.2 molding unit for covering the plurality of capacitor
elements integrally with an external resin so that a part of the
terminals may be exposed outside, and-

a product dividing wunit for dividing the capa'citor
elements after molding into individual pieces.

In this constitution, a series of processes can be executed
continuously. Hence, the productivity is extremely improved.
Further, a solid electrc;lytic capacitor having an excellent
assembling precision and a high reliability is obtained.

Preferably, in the polymerization electrode when
performing electrolytic polymerization, the conductive tape
adhered on the insulating tape of the anode foil is used as a
common positive electrode, and a plurality of stainless steel
plates disposed independently on the polymerization solution
surface so as to correspond to the plurality of cathode lead-out
portions are used as independent cathodes, and the

polymerization unit is composed so as to apply a voltage between

15



Exenpl ary Enbodi nent 2 Instead of the manufacturing process of exenplary
enbodi nent 1, the cathode |ead-out part 4 neasures 2 mnmm X 2 mm At the step
of electrolytic polynerization, using the conductive tape 6 or

pol yneri zation el ectrode as the positive electrode and a sing!@ éUatl_rﬂﬂ{B;
steel plate as the cathode, a voltage was applied between the positive

el ectrode and the cathode, and a conductive high polyner filmwas fornmed on
the entire surface of the cathode | ead-out part 4 in about 10 m nutes. The
ot her stepshar epsaitdvas ¢lecéxedpl aryd emrghtiwnt dlecthodescapatmnt arhiel enent s
for solid electrolytic capacitor of exenplary enbodi nent 2 were prepared.
The initi alcomzaitactiemni, sthe p odfe ntthek és capplietdon néf@nmiby sormrtheshavhode Tabl e
1. Conparative Exanple |Instead of exenplary enbodi ment 1, a conductive high
pol yrmer filleadasut gramd ab tthe thnedof edx¢ tdaldy ot polymayrigheivmal Asxiadati on
pol ynmeri zati on nmethod using pyrrole. As the oxidizer in the chem cal

oxi dati on pelsyler azésh@ictid@ high9dljunbr 2003 BEWDAE ANMREITs ¥hd dilen @S used.
Wil e, causing the individual polynerization electrodes to contact with the
surface of fohehaednductive high polynmer filmfornmed in individual
protrusions, electrolytic polynerization was perforned in electrolytic

pol yneri zation solution, and a conductive high polynmer filmwas forned on
the surface of individual protrusions. That is, this exanple has not the
step of using corglafdrrRel PR tolPiFe VLAWY 2SR Mpda PPl i PEd SheR t8fofUSi Ng
band conductive tape. In this exanple, a conductive high polymer layer is
formed on thi SHGEAERIn @freOlEs HiBUSERIW LY el ectrolytic polynerization

and a conductive high polynmer layer is formed on the surface of other one
protrusion by electrolytic polynerization, and this process is repeated.
The el ectrolytic polynerization solution is conposed of same conponents as

in exenplary enbogigpifi1aly EMMSedAnEARAUCt i ve high polymer filmhaving the
same conposition as In exenplary enbodiment 1 was fornmed on the conductive

high polymer 11l me{prmpd;Dy oCNAR LAyl dpld R ROIMTRL | 2ALh QFaceliandt NET
steps are sane as In exenplary enbodi nent 1.” Thus, capacitor elenments for

i d el ect . . . :
Thitial onek ShyEhfuf SRR bt FRFRAL Mok FIETRE S IR PERRARRTR TG 1
21 - 9 J Wb AQ07 z;; arf?‘é#tgfgg%{t{ Qsh Bb hfe@lte6E the invention. Fig. 9

| ossW t hst andcapaci t

061, 10. 012 OBAG AN TEAG TR ESt qliplo O boks S eerpd pHE e FREERAE! 1077
2 Te 10 v, e efBainbRe Ve Ing Ipvebrisia, | ThentalneriBI0Y WELIE"
capacitor of iy SRR o f AT Ctnf FURIRR b BOp RO R
Cides of { naThH ARouete Ty Rhesl ke ¥iFhbt | AH, rble PSRNy oy
or ot usi onsoshtangtish BEskT tpsiendf B iutln kR eBh8AD skch Bharse
oroduct bi |1ty SbeSEitad RetorfHPaTer e o) RS Sonducti ve tape 5 as the

I i zati | act inth hod, of f ' t h duct i hi gh
ol ymer {11 m as Eokpd GPONeha ALS KL Hod RAGH W TR nEoBONAGREF e ¢Bpe i n

t he conparative, ex e, the.condugtive hi,gh,pal r filmcan be forped
casi Ly on + RRSEiEP ARt g B e it uli A PetPFor fhaGer nfle MRibs. 22
- 9J UL 2003 oducibility is obtained. In the exenplary, enbodi nents 1
and 2) al undnAGRIToRe AR ite SRtte {6 P8 SAPOHORARt $X0 TOVERPE. ¢ he
anode foil be al so de of tantalu ti.tanium or. the |i ke, .The.shape
and di mensi DAL appse Emed i BN O I i B EIGE noT gl HRadEraihd is

il lustrated enbodi nents al one. ganese_di oxi de used as the, canduct or
| ayer, but A8t FhYmiRdm of¢ is(f{}‘/g&ﬁ%?s?:oﬁﬂgt‘%)r' |\é\@ Havr iRgearP el BR% ri ¢
conductivity_may be used. Pyrrole was used as.the terial of electrolytic
pol yner i zat B LI g 1 oF o Rt ageesiroc 'egﬁlﬁ?jﬂX/rFé’r“TﬁP?%‘?tﬁHrftaﬁﬁo;ﬂfé e,
furan and their derivatives may be al so used in the sanme manner as

menti oned above. As the support electrolyte, al kyl naphthal ene sul ~onate
was used, but not limted to this, other support electrolyte nmaterials my
be al so used. The nunber of steps and sgguence of steps are not limted to

the exenpl ary enbodi nents al one, and ot her nunber of steps or sequence can
be executed simlarly. Exenplary Enbodi ment 3



A different exenplary enbodi nent of the invention is described while
referring to Fig. 7 and Fig. 8. Fig. 7 shows a band netal |lead frane 16 for
assenbling a product by using capacitor elenents for solid electrolytic
capaci tor manufactured in exenplary enbodinents 1 and 2. Thi's I

frame 16 includes a plurality of elenment 23 - 9J UL 2003 nounting parts
17, a plurality of anode termnals 18) and a plurality of cathode term nals
19. The plurality of elenent nounting parts 17 are formed at constant
interval s. Anphnpdi¢ tfprofing Stlan tior ne¢ @nents fareimmmodtage o¢hé5i Ndiyi dual
el ement nounting parts 17. Individual anode termnals 18 and cat hode

term nal s 18ispesaxbomeittsesiurfadene i ndi vi dual el enment nmounting parts 17. The
anode term nal 18 connects the anode of the capacitor elenment. The cat hode
term nal 19 connefig. thehwat fiodestaftet bé adbaeingrael ehertric Anplulasgingy of
capacitor elenents are | am nated and nounted on the el ement nounting parts
17 of thus ecapetdtdd ad t@icalvelrethle ficled 1@. oAfthar warodke foile 1anwdeigang

cat hode of the capacitor elenment are electrically connected to the anode

termnal 18f@dd €ied Hade dred HatH sides ! eealdneding This Phutbddiing edpthe
capacitor elenents are entirely and integrally covered with an external

resin by nobdigghe dnéde FosQlitdischephiateod iint6aRACdiOde i18alosEDarti §. 8
shows the state of the solid electrolytic capacitor after nolding. In Fig.

8, a solid ahfChr@thode téPRG DD a2@ 4 asi AbeeFiddd/bepbwed by an external
resin. The plurality of solid electrolytic capacitors 20 thus assenbled are

further processedAisNsBEWe fh FBigeRs, BS ﬂo@&&'ﬁdf@liﬂe%?rﬁ elcfA eldNfH téirdddl sol i d
el ectrolytic capacitors are separated fromthe netal [ead frame 16. Thus,

i ndi vidual splghd haGd M theCRPEFH 9k ScBlod OPtRENSSodé TolNi SoMRhIEH, 2
plurality 24 - 9 JUL 2003 of solid electrolytic capacitors are assenbl ed

Cont puovs ety chge SoLi cheg! !yl qpbecaloLsalalgn,

superior eff,AbpRaYeniScittdde N6QA-b1E FaRPUAS Yo GTRAL ABNIIEh 2 PYs | Bfie
band anode foil 1 has a plurality of protrusions formed at both
ends, and the plurality of protrusions have cathode lead-out
parts 4. The cathode lead-out part 4 measures, for example, 3
mm X 4 mm. As indicated by dotted line in Fig. 4, the anode
lead-out parts 3 and cathode lead-out parts 4 which are finally
divided into individual pieces are separated by an insulating
tape 2.

Fig. 5 is a magnified view of essential parts of the cathode
lead-out parts 4 individually formed independently by forming
such slits as mentioned above. As clear from Fig. 5, the
insulating tape 2 adhered so as to cover the holes 1a formed in
the anode foil 1 completely covers the holes 1a. Accordingly, in

the manufacturing process of element mentioned later, it is

effective to prevent the aqueous solution of manganese nitrate or
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manuf acturi ng nmethod including a step of form ng conductive high polyner
films by electrolytic polynerization continuously on each protrusion of a
plurality of protrusions by adhering an insulating tape to the band anode
foil having the plurality of protrusions, a plurality of capaéigogugLezeﬂ3s
can be processed continuously fromthe formng treatnent step to

el ectrolytic polynerization step, and the work is extrenely easy. As a
result, the mass producibility is notably inproved. Further, solid

el ect rol yt irelyapanizadien Holiutgo exireint areephneaep o shiecanade ksistdaiondd.

Still nore) the conductive tape is adhered wi thout touching the cathode

| ead- out parart dreddstarting pol ynerization fromthis conductive tape, by
applying a voltage through the conductor |ayer, electrolytic polynerization
is perforned, andCe¢heeghonély, ey dvcdeidpitreatmeatt ofhHjtheecutme covemrafence of
defective part is prevented, thereby avoiding contact between defective
part and thhecamddet fod bi ghowal ineFigi 4n aseahadid baidativaddilriswasr esul t,
a capacitor elenment for solid electrolytic capacitor having excellent

char act er i $oir are & (fdr m$n g nlela tiheekt giie pehl showgh ini Fhgt apd vol t age and
superior reliability is 25 - 9 J UL 2003 obtained. Mreover, the process
fromthe step of Imsudséssiprm therajuddyudisotapaa bbfrmangamidse hitdatehe step
of nolding the plurality of |am nated capacitor elenments with resin is
execut ed combabnrypplsky &y thei dWtlo d@dpadesat plages 4 rem@ bynparbbydiisn®lr shape.
Accordingly, solid electrolytic capacitors having an excellent assenbling
preci si on @@nih it ated3 0010 | at i Giga REs PIdIduERé 1aved Raghfrihégianay, 26

- 9J UL 2003 Wat is clainmed is: 1. A manufacturing nethod of solid

el ectrol yt i rEpatdr iy &OBshauBdot N8 yst aREnding 66dp AWPPHh Y B .band netal
having a central part in a width direction and a plurality of protrusions

formed at an end @ardhd AnoAddfyild] pr@ipaaeld D thid)mbANRENY o £PREHGOT
| ayer above a surface of said plurality of protrusions, (c) adhering a

conductive ¢8Re5tWasad dh6£EA A sR8Wn iﬁ@ig{i%’ (& &9d dctRedugh & e Qi gpol yner
filmabove said plurality of protrusions, by performng electrolytic
polynerizeuggyi ) ﬁ;qﬁ%[qg.polynerization fromsaid conductive tape, (e)
peel i ng said conductive tape fromsaid netal, and (f) fabricating a

plurality of capag|iphef! EHEM:PodY foild 1N QJ}liic 2¢Re IGHd ¥&i98 Gipsdl d

plurality of protrusions, fromsaid band netal tormng saldlconﬁictive hi gh

olymer fil 2. nut.ac i h f i rQl.yt i D itor
poly »U?Srt%&e’ir?éré@ YhactHe n&b&%é %q-giﬁar.%(?géﬁi &k EFd T Yoy e‘ht‘iﬁﬂ?ﬁ

of claim1l, Tl conprising a step of acing a conductor |ayer ove

sai d di el ecfp jife s3%ein t‘me@%WmseqjigaEfH}f“dSiﬁVi%nhbg&x{)@q\(i"@?&uef lsb{Hnf Or med

on said conductor layer. 2
of 0.2 mol/liter of pyrrole, and 0.1 mol/liter of alkyl naphthalene
sulfonate). Using the conductive tape 6§ as a common positive
electrode, and using four stainless steel plates disposed on the
liquid surface as four independent cathodes 7, a voltage was
applied between the positive electrode and negative electrodes,
and electrolytic polymerization was performed. A conductive
high polymer film is formed on the entire surface of the cathode
lead-out parts 4. In the period from putting the anode foils in

the tank containing the polymerization solution until taking out,

the polymerization started from the conductive tape 5, and a
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- 9J UL 200 3. The manufacturing nethod of solid electrolytic capacitor
of claim1, wherein said step of supplying the band netal includes a step
of adhering an electric insulating filmto said central part, form ng an
anode | ead-out part at said central part side, and form ng .ag:g]ﬁ dgaﬂa

| ead-out part in said protrusions, said anode | ead-out part an at hode

| ead-out part are electrically insulated by said electric insulating tape)
sai d conductive tape is adhered on said electric insulating tape, and said
conducti ve ¢omhupbivenbigh iplody ime xf Hid mew asnf aran eld et bbe e ritéad-soutfagaraf 4.
The manufacturing nmethod of solid electrolytic capacitor of claima1,

wher ei n sai theacaphofledegpd-yithg artte 4 amdbrattad 0 imih utkes (p bky eeepsa ton
opening a plurality of holes at specified intervals in a |ongitudinal
direction oftegaild baRignel)al ) and adhering an electric insulating tape to
cover said plurality of holes, and said conductive tape is adhered on said
el ectric insul ati Npreaper, Sthelhenodaufailt for md ngetthed oh dwtdideellggt ol ytic

% polymer film was taken out of the polymerization solution 6, and
the adhering conductive tape 5 was peeled off (conductive tape
peeling step 15 in Fig. 1).

In this way, a series of steps from forming treatment until
polymerization was executed continuously as shown in Fig. 1.
At this time, the sequential processing steps were carried out so
that the rollers for conveying these samples might not contact
with the cathode lead-out parts 4.

After forming the conductive high polymer film, a carbon
paint layer and a silver paint layer were formed in specified
portions of the conductive high polymer film.

A portion used as a capacitor element was individually cut
off, and one capacitor element was prepared.

Then, taking out the cathode lead and anode lead, the
individual capacitor elements were externally coated with an
epoxy resin,

Thus, a solid electrolytic capacitor was completed.

In the embodiment, as required, pllural independent
negative electrodes can be used.

In the capacitor elements for solid electrolytic capacitor

manufactured in this manner, the initial characteristics of
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- 9J UL 2003 capacitor of claim1l, wherein said step of formng the
conductive high polyner filmincludes a step of immersing said band netal
to which said conductive tape is adhered in a polynerization solution, and

whil e using said conductive tape as a positive el ectrode and gisi
el ectrode placed in said polynerization solution as a negatT \g 4&1@@9@«3

and performng electrolytic polynerization by applying a voltage between

said positive electrode and negative el ectrode. 6. The manufacturing nethod
of solid eldectodsttatic cappacityry, oéngkaitmof, lober engleai(divbredrivet Bdssi s nade
of a netal foil having a valve action. 7. The manufacturing nethod of solid

el ect r ol yt itamapa)i tleakofurtentm( 10 ¥ wdplde dc @rprirsi tuy), aarsd epitdfsthad nati ng
each capacitor elenment of said plurality of capacitor elenents. 8. The

manuf act ur ivig tegehobreik dowind wleageobyt bclidapdectoslydic cta@p Atiltorf Wiyt her
conprising the steps of: lam nating each capacitor elenent of said

plurality cﬁle&areaﬁgt%lmﬁemm Saakafe SPECOfI €W/ POgkE) ORedt #badErd@! al
| ead frame having a plurality of pairs of termnal parts, and 29 L=~ ~

~1 1?7 ~~IRefalyd 6fkh &b Pknkinduste SBloivth 8heThHDE ViL.i C capaci tors by
cutting off said pair of termnal parts having said |am nated capacitor

el enments) fromsaid netal lead frame. 9. The manufacturing nethod of solid
el ectrolytic capacitor of claim1l) further conprising the steps of:

l'am nating each cppagigidryeha®sdiRénsal d plurality of capacitor elements

at a specified position o? a band nmetal |lead frame having a plurality of

pairs of term nalipaflay of the manufacturing process of exemplary
embodiment 1, the cathode lead-out part 4 measures 2 mm X 2
mm. At the step of electrolytic polymerization, using the
conductive tape 5 or polymerization €lectrode as the positive
electrode and a single stainless steel plate as the cqthode, a
voltage was applied between the positive electrode and the
cathode, and a conductive high polymer film was formed on the
entire surface of the cathode lead-out part 4 in about 10 minutes.
The other steps are same as in exemplary embodiment 1. Thus,
capacitor elements for solid electrolytic capacitor of exemplary

embodiment 2 were prepared. The initial characteristics of

these capacitor elements are shown in Table 1.

Comparative Example

Instead of exemplary embodiment 1, a conductive high
polymer film was formed on the anodic oxidation film by
chemical oxidation polymerization method using pyrrole. As

the oxidizer in the chemical oxidation polymerization,

20



connecting each pair of termnals of said plurality of pairs of term nals
electrically to the each -anode | ead-out part and each cat hode | ead-out
part respectively, covering said | am nated capacitor elenents with an

external resin, and fabricating individual solid electrolyt i$ &azgpg's by
cutting off said pair of termnal parts having said covered ;}m '

el enments, fromsaid netal |lead franme. 10. The manufacturing nethod of solid
el ectrolytic capacitor of claiml, further conprising the steps of: (Q)

pl aci ng a eonuusotiom |pgrrulibbtecweai dseld el ¥hile chapéng thae dnsimddieal ve hi gh
pol ymer film being formed on said conductor layer. (h) |am nating each
capaci tor e@lodpererioftiai delglctraties ytof campedi tvortheltdreerstusr fateaofpilee f i ed
position of a band netal |ead 30 - 9J UL 2003 franme having a plurality
of pairs ofondnnitiaé lpialt polfinerc dilmedoirnge ddahipdividefalt protmedisnef sai d
plurality of pairs of termnals electrically to the each anode | ead-out

part and eatbéctatlpoite |padgnoedizodionr espect peeforméfd) DOVesleryrohitde

| am nat ed capacitor elenents with an external resin, and (k) fabricating

i ndi vi dual pa0kinferdkzaeidwlsylu€icppasit:oesnty ceisd hagholdlysae sl fplan rw 86

term nal parts having said covered capacitor elenents, fromsaid netal

| ead, franformed on the surface of individual protrusions. That is, this
example has not the step of using conductive tape. The example
also has not the step of using band conductive tape. In this
example, a conductive high polymer layer is formed on the
surface of one protrusion by electrolytic polymerization, and a
conductive high polymer layer is formed on the surface of other
one protrusion by electrolytic polymerization, and this process is
repeated. The electrolytic polymerization solution is composed
of same components as in exemplary embodiment 1. Thus, a
conductive high polymer film having the same composition as in
exemplary embodiment 1 was formed on the conductive high
polymer film formed by chemical oxidation polymerization. The
other steps are same as in exemplary embodiment 1. Thus,
capacitor elements for solid electrolytic capacitor of comparative

example were prepared. The initial characteristics of these

capacitor elements are shown in Table 1.
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wherein said band netal is made of a netal having a valve action, said

dielectric |ayer
band net al ,

opening a
direction

formng a
plurality
plurality
L 2003 sai
i nsul at ed
on said el
formed on
el ectrol yt

has an anodic formng filmforned on a surface of said
said step of supplying the band netal includes the steps of:

plurality of holes at specified intervals in the Io%?i EﬂlgﬁkﬁL
of said band netal, adhering an electric insulatinG al er
said plurality of holes) adhering an electric insulating tape to said
central part, form ng an anode | ead-out part at said central part si

cat hode | ead-out part on sﬁﬂbhpdotru3|ons and formng a

de, and

of ST TS T TSHL B 5T (1 Ble%mﬂé fsbqumd et gy e
of protrusi¢nscsgpatat e byasgddt Pl ULahk t¥XrRht ! i toltakl

sai d
9J U

d anode | ead-out (gExt and ca’(‘}apde | ¢ad- quA) part] are(gbectrically

Bxesailaryel e¢tric i nsulating tape, said conductilve tape is adhered

egthoidémpntuliat i ng4€ape, | and da8 d conduct®-9® hi gh pokyrer f

jIImis

lLead-out—ppit—3I11—The lmanufacturing nmethod-of solid
i emplary
embodiment 1.08 1.1 0.01 22.6
2
Comparative 3.564 1.6 2.4 . 16.0
example

In Table 1, the rating of exemplary embodiment 1 is 10 V,
3.3 uF, the rating of exemplary embodiment 2 is 10V, 1.1 uF, and
the rating of comparative example is 10 V, 3.3 pnF.

As clear from this table, the capacitor elements for solid
electrolytic capacitor of the exemplary embodiments are small in
leak current and high in withstand voltage. Further, by
forming a plurality of slits 23 at both sides of the band anode foil
1, a plurality of protrusions 24 are formed, and a conductive high
polymer film is formed on the plurality of protrusions 24, so that
a plurality of elements can be continuously manufactured by
electrolytic polymerization. As a result, an excellent mass
producibility is obtained.

Moreover, by us.ing a conductive tape 5 as the
polymerization electrode, in the method of forming the
conductive high polymer film, as compared with the method not
using the conductive tape in the comparative example, the
conductive high polymer film can be formed easily on the

plurality of protrusions. As a result, an excellent mass
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capacitor of claim11, further conprising: a conductor |ayer placed on said
dielectric layer, wherein said step of form ng the~conductive high pol yner
filmincludes a step of form ng said conductive high polyner filmon said
conductor |ayer by electrolytic polynerization) by using sai gQﬂc_iLQﬁﬁae
tape as a common positive el ectrode, and using the individual electrodes
connected to i ndependent power sources as independent negative el ectrode.
12. The manufacturing nethod of solid electrolytic capacitor of claiml,
wher ei n sai Hreéndiliditpeis apséaimedudes a base material nmade of at |east one
metal free from anodi c oxidation property selected fromstainless steel and
ni ckel , and a adhbsitlee rteanpdarndebedimedai d agk Jmwdnnsinumand sai d
adhesive material is peeled fromsaid band netal when the conductive tape
i s peel ed fneeltae thandnodeafdil3R, but ®ot) Um20603B tb3thihetmemrade Uiviihg

met hod of solid electrolytic capacitor of claim1l, wherein said step of
form ng t hencgndecalisvemhidzghopohyntelu i, |titanthmjesr dhstlékeof Thenmhupa

pol ymer having at | east one selected fromthe group consisting of pyrrole,
t hi ophene, andadimamndibhei 6f gpebityvasiorss arasnubilinoftedepettilid ammluks. offhe
manuf acturing nmethod of solid electrolytic capacitor of claim1l1, wherein

said step (ehy slepttHled Sédodinesiemlote. aManligehds®) diokidsesrded

continuously. 15. A manufacturing nethod of solid electrolytic
used as the conductor layer, but not limited to this, other
conductor layer having an electric conductivity may be used.
Pyrrole was used as the material of electrolytic polymerization
for forming conductive high polymer film, but thiophene, furan
and their derivatives may be also used in the same manner as
mentioned above. As the support electrolyte, alkyl naphthalene
sulfonate was used, but not limited to this, other support
electrolyte materials may be also used. The number of steps
and sequence of steps are not limited to the exemplary

embodiments alone, and other number of steps or sequence can

be executed similarly.

Exemplary Embodiment 3

A different exemplary embodiment of the invention is
described while referring to Fig. 7 and Fig. 8.

Fig. 7 shows a band metal lead frame 16 for assembling a
product by wusing capacitor elements for solid electrolytic
capacitor manufactured in exemplary embodiments 1 and 2.

This metal lead frame 16 includes a plurality of element
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capacitor conprising: (a) a first step of opening continuous hol es at
specified intervals, in a longitudinal direction of a continuous band anode

foil made of valve netal, (b) after said first step, a secondgis‘lifﬁﬁé[003

separating said band anode foil, so that an end part side i#

direction may be a cathode | ead-out part and that a central part side may
be an anode | ead-out part, by adhering an electric insulating tape to face
and back sides of said anode foil so as to cover said holes, (c) after said
second stepmoxntingdprersp b, formduiglatplafr Anade ofergaiiglgsildhsand a
continuously by formng slits at 33 - 9 J U h 2003 specified intervals in
the end parklwfality dofc matbode dgamoimalgad®, (@heafnlarradiis) athiedldmsrety, a
fourth step of formng an anodic formng filmas a dielectric on the
surface of mauhtangdearfisi 17 ) fafmed sta¢ansiant hntevpylsa fAfMlmredgyy of
adhering a conductor on the anodic formng filmof said cathode | ead-out
part uniforof capacitor edements odrd neuhartedt ane thedihdyerd sahtedenm(dnt af t er
said fifth step, a sixth step including adhering a conductive tape on said
i nsul ati ng mapmtipgr f pariang 1gl.ect daldytvidupbl pmerdezatesmibhpnlst ar8 i magd

pol ymeri zation from said conductive tape, and form ng a conductive high

pol ymer fileathoddheaeraiiinde [19adreutonpacttédrioughesdndicidualteden ayer (g)
after said sixth step a seventh step including, peeling off said conductive
tape, cuttimpudfingapdrband.an®de aaolde tdomindi vi8lwanmicteethe aitthde
fabricating individual flat capacitor elenents (h) after said seventh step,
an ei ghth s¢f£phendpuliifer leddhiexi§.NgTh et 4t10d d & Yt e@im iSr 101 § | cdin EetACHH O

el enents at specified positions of each termnal of a plurality of

term nal s p¢ovhsies oFttiRadabaicifsy ¥ mend. a band netal |ead frane, and
connecting the individual capacitor elenents to said termnals
electrically, (i)aafgiera3tyd 6f 0bdPasiton, deRidhts She® PhmaawesHNG sai d
plurality of capacitor elenments integrally with an external resin so that

part of sai ghdei¢d S tHBYe RAMBRROBMBURYhE! PRrt &N 34 thas ToldtiZ@fH (1)
after said ninth step) a step of cutting: -off said covered elenents into

I ndividual p&eesiang reeR¥ a'6. NAfferWaidE tBé3node and cathode of the
capacitor element are electrically connected to the anode
terminal 18 and catilode terminal 19, respectively. The
plurality of the capacitor elements are entirely and integrally
covered with an external resin by molding. Thus, a solid
electrolytic capacitor is formed.

Fig. 8 shows the state of the solid electrolytic capacitor
after molding. In Fig. 8, a solid electrolytic capacitor 20 is
integrally molded by an external resin.

The plurality of solid electrolytic capacitors 20 thus
assembled are further processed in several steps as required.
Later, the individual solid electrolytic capacitors are separated
from the metal lead frame 16. Thus, individual solid

electrolytic capacitors are obtained. In this method, a plurality
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| ead frame. 16. The manufacturing nethod of solid electrolytic capacitor of
claim15, wherein said sixth step of form ng said conductive high pol yner
filmincludes: a step of form ng said conductive high polynmer filmon said

conductor |ayer by electrolytic polynerization, by using Sagﬁ~j€“§gﬁ¥£¥e
tape as a common positive el ectrode, and using each el ectr® to

| ndependent power sources as negative el ectrode. 17. A manufacturing
apparatus of soljid electraolytic capacitor conpri si n%'( a) a band netal

- )
suppl y uni toF osolddpslortiplatbanaanacatonsavasg assemblad mantinyemsdy.
plurality of protrusions forned at |east at one side edge of both side
edges posi tpeserdinslyothesialéd ofpcipelytiesapfcipers havingaanexcedtantc
formng unit for formng a dielectric |ayer on a surface of said plurality
of protrusia9empding pardetewrandr A highnreliabilityr aregprodeeeidicatora | ayer
on said dielectric layer, (d) a conductive tape adhering unit for adhering
a 35 - 9 gupetigx0@dicmmtti ve tape to said central part, (e) an
el ectrolytic polynerization unit for formng a conductive high polyner film
above said plural Asy deacorftwani idhe exemplary embodiments, by the
manufacturing method including a step of forming conductive
high polymer films by electrolytic polymerization continuously
on each protrusion of a plurality of protrusions by adhering an
insulating tape to the band anode foil having the plurality of
protrusions, a plurality of capacitor elements can be processed
continuously from the forming treatment step to the electrolytic
polymerization step, and the work is extremely easy. As a
result, the mass producibility is notably improved. Further,
solid electrolytic capacitors having excellent characteristics are
obtained.
Still more, the conductive tape is adhered without
touching the cathode lead-out part, and starting polymerization
from this conductive tape, by applying a voltage through the
conductor layer, electrolytic polymerization is performed, and
therefore the anode foil is not injured and occurrence of
defective part is prevented, thereby avoiding contact between
defective part and the conductive high polymer film used as the
cathode. As a result, a capacitor element for solid electrolytic

capacitor having excellent characteristics such as small leak

current, high withstand voltage and superior reliability is
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| ayers, by performng electrolytic polymerization by starting
pol yneri zation from said conductive tape, (f) a conductive tape peeling
unit for peeling said conductive tape fromsaid netal, and (g) an el enent
cutting unit for fabricating a plurality of capacitor elenents, by cutting
of f individual protrusions fromsaid plurality of protrusi ong) Jﬂﬁ"?ﬁﬁ‘id
band netal form ng said conductive high polynmer film ' 18 ¥h .
manuf act uri ng apparatus of solid electrolytic capacitor of claim17,
wher ei n saiobhtbamednet al supply unit includes a slit forming unit for
formng a plurality of protrusions by formng a plurality of slits at
specified intervasresvéhe tdred gpuaordesisn firhe wWildd hstép ecf i bmofiasiigl band
nmetal. 19. The manufacturing apparatus of solid electrolytic capacitor of
claim 17, werealitysafd dagputivet ablauppty tilit thacktueesof amdldihgnghenit for
opening a plurality of holes at specified intervals in the |ongitudinal
direction gflusalftycentbalinditeld O4psaaitdrbelign sRtalwitdnfesi® is ex8cdtbd L 2003
an insulating tape adhering unit for adhering an electric insulating tape
SO as to ceyatisabdsPyUbRl ibin@®fa RbES. m2Qal ThaadFRHhAC i iange adanedt us of
solid electrolytic capacitor of claim 17,

shape. Accordingly, solid electrolytic capacitors having an

excellent assembling precision and a high reliability can be

produced at a high efficiency.

26



wherein said dielectric layer formng unit includes a form ng treatnent
unit for formng an anodic oxide filmby formng treatnent of said
protrusions. ' 21. The manufacturing apparatus of solid electrolytic
capacitor of claim 17, wherein said conductor |ayer formngwu ié"ynfggggs:
an application unit for applying an aqueous sol ution of nmanganeSe"m Trate
on said dielectric layer, and a nanganese di oxide formng unit for formng
a manganese _di oxi de_ | ayer by pyrolysis of said applied aqueous sol ution of
manganese nihradt &8 ch@im¥ddispranuf act uri ng apparatus of solid electrolytic
capacitor of claim1?, wherein said band netal supply unit has a function
of supplying an anode foil having a valve action..23. The manufacturing
apparatus of solid electrolytic capacitor of claim 17, further conprising:
37 - 9J UL 2003 a WManiman i fapctoringf omdtamidatifngsebddh edpetidlgtiel enent
of said plurality of capacitor elenents. 24. The manufacturing apparatus of
solid el ecteapytitorcapaprisingof theai stdpy faftt her conprising: a | am nating
unit for lam nating individual capacitor elenents of said plurality of
capaci tor el enent@)akuppdgifigesd pasdt nosnmlohaxvihgnd nemnalral epdrf rianm havi ng
a plurality of pairs of termnal parts, and a product dividing unit for
fabricati ngwidehviideati @plandl al phirdlivy icf ppPaQidions Mrmedt hohwldndai d
pair of termnal parts having said | am nated capacitor elenments fromsaid
metal |ead paatren said width direction,

(b) forming a conductor layer above a surface of said
plurality of protrusions,

(¢) adhering a conductive tape to said central part,

(d) forming a conductive high polymer film above said
plurality of protrusions, by performing electrolytic
polymerization by starting polymerization from said conductive
tape,

(e) peeling said conductive tape from said metal, and

(f) fabricating a plurality of capacitor elements by cutting
off each protrusion of said plurality of protrusions, from said

band metal forming said conductive high polymer film.

2. The manufacturing method of solid electrolytic capacitor
of claim 1, further comprising a step of
placing a conductor layer above said dielectric layer,
wherein said conductive high polymer film is formed on

said conductor layer.
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25. The manufacturing apparatus of solid electrolytic capacitor of claim
17, further conprising: a lamnating unit for |am nating each capacitor
el enent of said plurality of capacitor elenments at specified positions of a

band netal lead frame having a plurality of pairs of term nal _g[},glr Oqf
connecting unit for connecting termnals of each pair of said I 29 (v}

pairs of termnals electrically to the capacitor elenents, a formng unit
for covering said | am nated capacitor elenents with an external resin, and
38 - 9J UL 2083 a Phedunendifactitntpginine floed f sy i eddidnelenti olivdaal
solid electrolytic capacitors by cutting off said pair of termnal parts
havi ng sai dcepaeited ehpheimol, el ements fromsaid netal |ead frame. 26. The
manuf act uri ng apparatus of solid electrolytic capacitor of claim 17,
further conprisi nghexrelians amiak shgp wfi supplyimgrithat bagd mditwil dusdl udepagi t or
el ements of said plurality of capacitor elenents at specified positions of
a band net abté¢pad ddheridwuimglectpliciakniytinfg filim ssoobaidregintahl pantts, a
connecting unit for connecting termnals of each pair of said plurality of
pairs of teformahg gheahbdealdydionit harcapacddidl central part side, and
forming a cathode lead-out part in said protrusions,
said anode lead-out part and cathode lead-out part are
electrically insulated by said electric insulating tape,
said conductive tape is adhered on said electric insulating
tape, and
said conductive high polymer film is formed on said

cathode lead-out part.

4. The manufacturing method of solid electrolytic
capacitor of claim 1,

wherein said step of supplying the band metal includes
the steps of:

opening a plurality of holes at specified intervals in a
longitudinal direction of said band metal, and

adhering an electric insulating tape to cover said
plurality of holes, and

said conductive tape is adhered on said electric insulating

tape.

5. The manufacturing method of solid electrolytic
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el enments, a formng unit for covering said | am nated capacitor elenents
with an external resin, and a product dividing unit for fabricating
i ndi vidual solid electrolytic capacitors by cutting off said pair of

term nal parts having said covered capacitor elenents from sgi a d
frame. wherein said band netal is nade of a netal having a va%éygli ngsa

said dielectric layer has an anodic formng filmforned on the surface of
said band netal, said band netal supply unit includes: 39 9 J UL 2003 a
drilling un¢apfeitospehikaim blurality of holes at specified intervals in
the longitudinal direction of said band netal, an insulatin%lta e adhering
unit for adheri ngwarerelincagidestew @lfaformyngphe s rebuctd ve dvier agﬂmpélrural ity
of holes, and a slit formng unit for formng a plurality of slits at said
end part edfidrofinghidiedara strepadf and fornming said plurality of protrusions
separated by said plurality of slits) wherein said conductive tape is
adhered on sai d eimatarsinignsaidabiamyl topieal @& wlhiked sandifcantdudtinge appar at us
of solid electrolytic capacitor of claim1?,

is adhered in a polymerization solution, and while wusing said

conductive tape as a positive electrode and using an electrode

placed in said polymerization solution as a negative electrode,

and performing electrolytic polymerization by applying a voltage

between said positive electrode and negative electrode.

6. The manufacturing method of solid electrolytic
capacitor of claim 1,
wherein said band metal is made of a metal foil having a

valve action.

7. The manufacturing method of solid electrolytic
capacitor of claim 1, further comprising:
a step of laminating each capacitor element of said

plurality of capacitor elements,

8. The manufacturing method of solid electrolytic
capacitor of claim 1, further comprising the steps of:

laminating each capacitor element of said plurality of
capacitor elements at a specified position of a band metal lead

frame having a plurality of pairs of terminal parts, and
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wherein said polynerization unit has a polynerization tank, a

pol yneri zati on solution contained in said polynerization tank, and an

el ectrode provided in said polynerization solution, and said_ggk%qfrkéﬁéion
unit has a function of polymerizing said conductive high polyeuifLl)

el ectrolytically, by using said conductive tape as a comopn positive

el ectrode, using said electrode as a negative el ectrode, and applying a
vol t age between said positive el ectrode and said negative el ectrode. 28.
The manuf act uri ngfadpparsbing otdididiuglelsedid orlg¢te odnbigciaamradtors abm 17,
wherein said polynerization unit has a polynerization 40 -.9 J UL 2003
tank, a polswehinzapfHreaddl peivnotdermined parbtsilha poly resxiidz damdm ateidk, and
a plurality of stainless steel plates provided in said polynerization

sol ution, sedplapitoradlemyents sfmimlsasid stedal lphdt bsamee di sposed at
positions corresponding to said plurality of protrusions, and said

pol yneri zation unit has a function of polynerizing said conductive high
polymer filmelectrolytically, by using said conductive tape as a comon
positive el ectrode, usThg saiathufhdtatidy efetdicdl nbéssolideklptaiodstas
negati ve el ectrode, and applying a voltage between said positive el ectrode

and sai d negaphvitoel eCeINdR. 1,2Pur th oToedihpelsit g thepasdeps obf:solid
el ectrolytic capacitor conprising: a drilling unit for opening a plurality

of hol es conti nuolghYnati®@ecaéh ecapaéitoyabbementhef! oai tpKinalitgli s£ction
of a continuous band anode foil nade of a valve netal, an insulating tape

adhering ungapheitcrdbRimBataNat RSvpatifigd tpPdtion fofcs pafdba@tadi e of
said anode foll so as to cover said plurality of holes, a slit formng unit
for form nofed meShavis@ar pluedlitH 6f ¥alss of terminal parts,
connecting each pair of terminals of said plurality of pairs
of terminals electrically to the each -anode lead-out part and
each cathode lead-out part respectively,
covering said laminated capacitor elements with an
external resin, and
fabricating individual solid electrolytic capacitors by

cutting off said pair of terminal parts having said covered

capacitor elements, from said metal lead frame.

10. The manufacturing method of solid electrolytic
capacitor of claim 1, further comprising the steps of:

(g) placing a conductor layer above said dielectric layer,
said conductive high polymer film being formed on said
conductor layer.

(h) laminating each capacitor element of said plurality of

capacitor elements at a specified position of a band metal lead
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in the end part in the width direction of said anode foil, a form ng
treatnent unit for formng an anodic oxide filmby formng treatnent, on a
cut section of the anode foil produced by form ng said, slits J U
L 2003 a conductor layer formng unit for form ng a manganese dchLo@ﬂ[iayer
by appl ying an aqueous sol uti on of manganese nitrate on the end part of
said anode foil after said formng treatnent, and perform ng pyrolysis, a
conductive tape adhering unit for adhering a conductive tape on an

i nsul ati ng fregmedfiarm@arodéufalityafft prifsopfitegnsiaiad pentkjct or | ayer, a

pol yneri zation unit for formng a conductive high polymer filmin the end
part by i nmersing(idatahmeoida gf eakht pamhiof htexan ih sbinddicddide pllapeliits afiher ed
in an polynerization solution, and polynerizing electrolytically, a

conductive papes péedarngintiist efentrpecilpotsahd eachlucihvdetlRpal-buenp sat d
anode foil after form ng said conductive high polyner film an el enent

di vi di ng unhhdf @acRbt @4 tHdde ikall- capairt ofe ) tRMEBy,bY cutting off said
anode foil from which said conductive tape is peeled into individual

pi eces) an el enentj)l asv oA NG A 1afdndtad Bablakdt N IEREH NGy AWl al ity
of flat capacitor elenents at specified positions of a
external resin, and
(k) fabricating individual solid electrolytic capacitors by
cutting off said pair of terminal parts having said covered
“capacitor elements, from said metal lead frame,
wherein said band metal is made of a metal having a valve
action,
said dielectric layer has an anodic forming film formed on
a surface of said band metal,
said step of supplying the band metal includes the steps
of:
opening a plurality of holes at specified intervals in the
longitudinal direction of said band metal,
adhering an electric insulating tape to cover said
plurality of holes,
adhering an electric insulating tape to said central part,
forming an anode lead-out part at said central part side, and
forming a cathode lead-out part on said protrusions, and
forming a plurality of slits in said end part of said band
metal, and forming said plurality of protrusions separated by

said plurality of slits,
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plurality of term nals provided at equal intervals in said band netal |ead
frame) a connecting unit for connecting the electrode parts of said

plurality of elenents electrically to the termnals, a noldinggunjititf
covering the plurality of capacitor elenments integrally with argJéu;JLngpa

resin so that a part of said 42 - 9J UL 2003 termnals may be exposed
outside,' and a product dividing unit for dividing the capacitor elenents
after nmolding into individual pieces. 30. The manufacturing apparatus of
solid el ectrol ytismidapaodieole ad - el aipn @9 andherdhio deail ea pod yhrgraatiren uni t
has a function of polynerizing said conductive high polyner film

el ectrol ytiedaktsicably usbnbatesd B ycoaitleleviritaps vdating armpe) positive

el ectrode) using a plurality of independently disposed stainless steel

pl ates as negati waidl@nidwedyvestapsié adhe redr seyaiddilegttic baswlax@nguct or s
formed in said individual cathode | ead-out parts connected to i ndependent
power sour agge,aduwdld appl yi ng a vol tage between said positive el ectrode and
said negative electrode. 43 . A@ A9E. AsY. A& A&a . A9[. A& . A& . AH . A2. AE. A

Y. A[3Y. Al . ALl . Al .hid Q.oﬁla\ﬁﬁYvAFlh.iéhA&ayA{ég ABLAR! 3 A Firm & oAUlsaAl. AHY. A,
A& ASY. AL 9Y. A Al . An. AY. AY <Ko7A]/a 9%4C& + , |

cathode lead-out part.

11. The manufacturing method of solid electrolytic
capacitor of claim 1, further comprising:

a conductor layer placed on said dielectric layer,

wherein said step of forn;ing the-conductive high polymer
film includesa step of forming said conductive high polymer film
on said conductor layér by electrolytic polymerization, by using
said conductive tape as a common positive electrode, and using
the individua} electrodes connected to independent power

sources as independent negative electrode.

12. The manufacturing method of solid electrolytic
capacitor of claim 1,

wherein said conductive tape includes a base material
made of at least one metal free from anodic oxidation property
selected from stainless steel and nickel, and a adhesive material
adhered to said base material, and

said adhesive material is peeled from said band metal

when the conductive tape is peeled from the band metal.
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(¢) after said second step, a third step of forming a

plurality of protrusions continuously by forming slits at
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10B° <" 109B&' () - (8&109B& () - MS610%B&’ () - SS@S 109B&’ () - @®0S _g U|& 2003
109B& () - DIEYNCS $$10% &  10% & ()- 10% & ()-& -109% & ()- 109% % Y)-

1096 & ()-# 10% & ()-Y(\ >dEYNCf $$10% & 10% & ()-310% & ()-&"10% & ()-F
10% & ()-510% & ()-10% & ()-i VAEYNCE $$10% &! #109% & () -,

10% & ()-810% & ()- 109 & ()-L10% & ()-& 109% & () - VHXdEYNCS $$10% | +

10% & () - 9)Pekdfbesl (htS(vals in the end part of said cathode lead-out part,

10% & ()-&10% & () - &$nll0% & () - 9f #z#10% & () - XW dEYNCf $$10% 95#10% & () - 3
10% & () - 91GL0% &d)) alfbel024id (Ehird0%E&D ( )a FolA¥M&'sE)pf bET IO 08GE () - $°
109 & ()-Y 10" 10" 10"L<s10% & ()-S8 109 & ()-96 10% & () - - dEbCY $$10%&
10%6 & () - 1090&id Forkh@¥@E&filyr &8s a dielectric on the surface of said anode

10% & ()- 10% & ()-s10% & () - ~UdEbCF $$109&#1096 & () - 9

109% & () - &MY & () - &#10% & () - & #10% & ()- 10% & ()- 7 D! dEbCF $$10%&
109 & ()-&$! 109% & ()-S# 10% & ()- & MLO% & () -

109 & () - &10% & (Oe?D!a!ftéfl"éiﬁﬂiEbQuiﬁLO%%Q‘, 10%¢%th) s8e #1090 &dblréng a

10% & ()-&+ 10% & ()-& #10% & () - &F(#10% & () - " 3###$r $t SUSVSdE: /
conductor on the anodic forming film of said cathode lead-out
part uniformly in at least one of insular state and layer state,

(f) after said fifth step, a sixth step including adhering a
conductive tape on said insulating tape, performing electrolytic
polymerization by starting polymerization from said conductive
tape, and forming a conductive high polymer film in the cathode
lead-out part through said conductor layer

(g) after said sixth step a seventh step including,
peeling off said conductive tape, cutting off said band anode foil
into individual pieces, and fabricating individual flat capacitor
elements

(h) after said seventh step, an eighth step including
laminating a plurality of said flat capacitor elements at
specified positions of each terminal of a plurality of terminals
provided at equal intervals in a band metal lead frame, and
connecting the individual capacitor elements to said terminals
electrically,

(i) after said eighth step, a ninth step of covering said
plurality of capacitor elements integrally with an external resin

so that part of said terminals may be exposed outside, and
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capacitor of claim 15,

wherein said sixth step of forming said conductive high
polymer film includes:

a step of forming said conductive high polymer film on
said conductor layer by electrolytic polymerization, by using
said conductive tape as a common positive electrode, and using
each electroae connected to independent power sources as

negative electrode.

17. A manufacturing apparatus of solid electrolytic
capacitor comprising:

(a) a band metal supply unit for supplying a band metal
having a central part, and a plurality of protrusions formed at
least at one side edge of both side edges positioned at both sides
of said central part,

(b) a dielectric forming unit for forming a dielectric layer
on a surface of said plurality of protrusions,

(¢) a conductor forming unit for forming a conductor layer
on said dielectric layer,

(d) a conductive tape adhering unit for adhering a
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h& ()-1}>>>3?nm???dEbC 10"9%$10% h&' ()-3"@10% h& ()-, @10% h& ()-f&L0%
h& ()-310%dmiidYeti@® 100 &b (J2id@mayt@@ird EbC 10" &0S 10% h& ()-y . 10%
h& ()-,,10% h& ()-& @ 10% h& ()-3(@ 10% h& ()-y, &0% h&' () - A/ AhAAAAAAADYNC
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h& ()-,,210% h& () - AAAAABB BpQC 10"pl 109 ()-' 109X ()-',p
10%3&" () -' cad¥dtie- highH QPEksnigr YilbBE i3 B6BARABp] W¥ality of conductive
layers, by performing electrolytic polymerization by starting
polymerization from said conductive tape,
(f) a conductive tape peeling unit for peeling said
conductive tape from said metal, and
(g) an element cutting unit for fabricating a plurality of
capacitor elements, by cutting off individual protrusions from

said plurality of protrusions, from said band metal forming said

conductive high polymer film.

18. The manufacturing apparatus of solid electrolytic
capacitor of claim 17,

wherein said band metal supply unit includes a slit
forming unit for forming a plurality of protrusions by forming a
plurality of slits at specified intervals in the end part in the

width direction of said band metal.

19. The manufacturing apparatus of solid electrolytic
capacitor of claim 17,

wherein said band metal supply unit includes:

a drilling unit for opening a plurality of holes at specified
intervals in the longitudinal direction of said central part of

said band metal, and
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an insulating tape adhering unit for adhering an electric

insulating tape so as to cover said plurality of holes.

20. The manufacturing apparatus of solid electrolytic
capacitor of claim 17,

wherein said dielectric layer forming unit includes a
forming treatment unit for forming an anodic oxide film by

forming treatment of said protrusions.

21. The manufacturing apparatus of solid electrolytic

capacitor of claim 17,

wherein said conductor layer forming unit includes:

an application unit for applying an aqueous solution of
manganese nitrate on said dielectric layer, and

a manganese dioxide forming wunit for forming a
manganese dioxide layer by pyrolysis of said applied aqueous

solution of manganese nitrate.

22. The manufacturing apparatus of solid electrolytic

capacitor of claim 17,
wherein said band metal supply unit has a function of

supplying an anode foil having a valve action.

23. The manufacturing apparatus of solid electrolytic

capacitor of claim 17, further comprising:
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24. The manufacturing apparatus of solid electrolytic
capacitor of claim 17, further comprising:

a laminating unit for laminating individual capacitor
elements of said plurality of capacitor elements at specified
positions of a band metal lead frame having a plurality of pairs
of terminal parts, and

a product dividing unit for fabricating individual solid
electrolytic capacitors by cutting off said pair of terminal parts

having said laminated capacitor elements from said metal lead

frame.

25, The manufacturing apparatus of solid electrolytic
capacitor of claim 17, further comprising:

a laminating unit for laminating each capacitor element
of said plurality of capacitor elements at specified positions of a
band metal lead frame having a plurality of pairs of terminal
parts,

a connecting unit for connecting terminals of each pair of
said plurality of pairs of terminals electrically to the
capacitor elements,

a forming unit for covering said laminated capacitor

elements with an external resin, and
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a forming unit for covering said laminated capacitor
elements with an external resin, and

a product dividing unit for fabricating individual solid
electrolytic capacitors by cutting off said pair of terminal parts
having said covered capacitor elements from said metal lead
frame.

wherein said band metal is made of a metal having a valve
action,

said dielectric layer has an anodic forming film formed on
the surface of said band metal,

said band metal supply unit includes:
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tank, and an electrode provided in said polymerization solution,

and

said polymerization unit has a function of polymerizing

said conductive high polymer film electrolytically, by using said

conductive tape as a common positive electrode, using said

electrode as a negative electrode, and applying a voltage

between said positive electrode and said negative electrode.
28. The manufacturing apparatus of solid electrolytic

capacitor of claim 17,

wherein said polymerization unit has a polymerization
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a plurality of flat capacitor elements at specified positions of a
plurality of terminals provided at equal intervals in said band
metal lead frame,

a connecting unit for connecting the electrode parts of
said plurality of elements electrically to the terminals,

a molding unit for covering the plurality of capacitor

elements integrally with an external resin so that a part of said
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terminals may be exposed outside, and

a product dividing wunit for dividing the

elements after molding into individual pieces.

capacitor

30. The manufacturing apparatus of solid electrolytic

capacitor of claim 29,

wherein said polymerization unit has a function of

polymerizing said conductive high polymer film electrolytically,
by using said conductive tape as a common positive electrode,
using a plurality of independently disposed stainless steel
plates as negative electrode, so as to'be corresponding to said
conductors formed in said individual cathode lead-out parts
connected to independent power sources, and applying a voltage

between said positive electrode and said negative electrode.
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