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So‘I id El ect roI ytic Capacitor and Method of Manufacturing the Capacitor

TECHNI CAL FI ELD The present invention relates to a solid el

capaci t orp@fgpgy/Rehod of manufacturing the capacitor. BACK mmmmm
El ectroni c equi pment, such as a persongl digital assistant, *lsg,lggpt 'y
required to be smaller and to have a high perfornmance, and |t has” been

accordi ngly denanded that el ectrani ts have high performance in
smal | bodies. A solid electrolyt @@QB@W@W

a power c; rcuit, or. close to a c;antral p.rocesgg ﬁgegn:tn ?C;Emmmﬂmmmﬂﬂmmgr

15 conputer is required to have a |l arge capacitance in a | ower ol e and

a | ower I. resi stan over equi val ent
series i nd$8¥§n@%cfr g[t)‘ BapQy ?nfclgw{gﬁboamapﬁk?éﬁ?nng&#%%ﬂﬂﬁi es, such
as surface condition of the anode, a nethod of formng dielectric |ayer,
devel opnent of and inprovenents in a solid electrolyte |ayer, and the 20

struct.ure of a capacitor elene 599?‘ ied out. Fig. 16 is a
secti to5na! view of a conventi ona dslg}(ﬁ Z’é???f ytic capacitor. Dielectric
layer 4 is f%ﬁ@ﬁgz@éeﬁ@hﬁ %Fs[t%g !lfa' elect?d {Egﬁ!@r{ ectro{l , such

as tantalum a num an |um Yy ano |zat| on. yte Iayer

5 formed @btisd SemAhulf &ﬁﬂﬁg%éﬁi} HAliporsuch as M, is formed 25 on the
surface of dielectric ayer | ector layer 6 is fornmed on the surface

of solid electrolyte layer 5. Anode |ead dane 8 is connected wth | ead
portion 1 of an anode, while cathode lead frame 9 is connected with T
PCT/ JP02/ 1092? col |l ector | ayeBACKGROUNTRARDr is covered with housing
resin ? to have anode |l ead frane 8 and cathode | ead flane 9 exposed. Since

i ncl ud ng t heEleztsbdic 2qeipment aehvani pasbnsbligitad|agsistaht/tik Gecattdei t or
hardly includes a | arge volune of the anode for a |l arge capacitance 5 and
hardl y hasqaimdatd beSsmahldr aarshib | hd&iel a BlgiVpBMotRahtl diN/ENTHaENbden
capacitor includes a valve netal foil including a valve netal porous
accordingly demanded that electronic components have high performance in
small bodies. A solid electrolytic capacitor placed in a secondary side of a
power circuit, or close to a central processing unit (CPU) of a personal
15 computer is required to have a large capacitance in a lower profile and a
lower equivalent series resistance (ESR) as well as a lower equivalent series
inductance (ESL). To reply to the requirement, various studies, such as
surface condition of the anode, a method of forming dielectric layer,
development of and improvements in a solid electrolyte layer, and the
20 structure of a capacitor element have been carried out.
Fig. 16 is a sectional view of a conventional solid electrolytic capacitor.
Dielectric layer 4 is formed of foil or sintered material 2 made of valve metal,
such as tantalum, aluminum, and niobium, by anodization. Solid
electrolyte layer 5 formed of oxide of transition metal, such as Mn, is formed
25 on the surface of dielectric layer 4. Collector layer 6 is formed on the

surface of solid electrolyte layer 5. Anode lead frame 8 is connected with

lead portion 1 of an anode, while cathode lead frame 9 is connected with



body and a | ead portion, a dielectric |ayer provided on the val ve netal
porous.-10 body, a solid electrolyte |layer on the dielectric |ayer, a
collector layer on the solid electrolyte |layer, an anode | ead connected to
the | ead p@@b@@?noggpousing for acconmodati ng the val ve netal porous body,
the dielectric layer, the solid electrglyte layer, the collector |ayer, and
t he anode | ead, and for having an end of the anode | ead exposed from a

surface of Ehe hqusi nqg, anode .15 ,extern%L t,e{1 i nal, provjded oyer the
housi ng afRiRcEPdeY R Owi tliher FRPAGIHPTORS eaveTesh otk Ing ¢S dathdee

erternal Loc 8L Bl BLE 050U AL DPUSL G 800 gaupl w1 the ol ector
20,5 . DESCR T T Rl 8 o, Bhp R i £
DL et DGR d o s 6 AP ALY S T Bl FRARIS s
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a solid electrolytic capacitor in accordance PCT/ JP02/ 10927 with
enbodi nent 4 of the invention. 3 Fig. 5 is a sectional view of an anode of

the solid electrolytic CaWMl\@AI@fOWH@W’E of the invention. Fig.
of the e

6 is a sectional view of the capacitor odinents. 5 Fig. 7is a

sectional view eipddiorCaRRtddCh valvd BRteMRedindiding £ valveSmetaPp&RRis onal
vi ew of an anode of the capacitor of the enbodinents. Fig. 9 is a sectional

vi ew of abodpesd Dleddisorrpaal dielectfic lhRrpFoeided®nt the villvéintbtal fokocusa
sectional view of an anode of the capacitor of the enbodinents. Fig. 11 is

a secfio onbbdy, £volid ederteslotieliertdretlngriddtric 1afer hecodlebtudi lagoi on theg. 12
is a sectional view of an anode of the capacitor of the
solid electrolyte layer, an anode lead connected to the lead portion, a housing
for accommodating the valve metal porous body, the dielectric layer, the solid
electrolyte layer, the collector layer, and the anode lead, and for having an
end of the anode lead exposed from a surface of the housing, an anode
15 external terminal provided over the housing and connected with the end of
the anode lead, and a cathode external terminal provided over the housing

and coupled with the collector layer. The capacitor has a large capacitance,

a small ESR, and a small ESL.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a sectional view of a solid electrolytic capacitor in accordance
with exemplary embodiment 1 of the present invention.
Fig. 2 is a sectional view of a solid electrolytic capacitor in accordance
with exemplary embodiment 2 of the invention.
25 Fig. 3 is a sectional view of a solid electrolytic capacitor in accordance
with exemplary embodiment 3 of the invention.

Fig. 4 is a sectional view of a solid electrolytic capacitor in accordance



15 enbodi nents. Fig. 13 is a sectional view of a solid electrolytic
capacitor in accordance with exenplary enbodi nent 5 of the invention. Fig.
14 is a sectional view of a solid electrolytic capacitor in accordance with
exenpl ary peRbationpgsy 6 of the invention. 20 Fig. 15 is a sectional view of
a conparative exanple of a solid electrgolytic capacitor. Fig. 16 is a
sectional view of a conventional solid electrolytic capacitor. DESCRI PTI ON

OF THE PREFERRED EMBOD 25 (Exenpl Enbodi nent 1) Fig. 1 i
TR RRROmEDE FLpIePEdRTORGOR capaci cor 1n aceor dance wth

sectional A C capacitor in accordance with

exenpl ary enmbqgdi nent 1 of. the .present inyention. . The capacitor .5 1Q |5

PCT/ JP02/ 1092 IE{TEH%P&&%*%"%%‘(}EW@% anilg ‘r’}fﬂ{e é’ld\fg‘eﬁ@?g‘fctl‘bS%"i‘féE%&gy 12;
and i nsul 3hl ng}}%@ger éS ﬁ@i? el ec%.ri cally insul ating between the anode and
cat hode t o"BF MERES ot T4 "% hode from short-circuited. In Fig. 1,

por ous body 12.i SGE%%{'E%gtigﬂaP\%%u?%f.h%%icf%faﬁt%lofHe eg{;}g}g@i%%&ti ng |ayer 13

is thus formed &h h'sides o Or OuS i'S formed on one
side ofx foil oy | | &hds ; i S Lde only.

Di el ect5ri c | ai%?' Zjé}elss%}:%gﬁ%ﬂd@%ﬁr? eescﬁdlpflgggiagfﬂg%%%%s 3053’5‘%52 by
anodi zat i on. yeral 1 of,r 05 gan| i ri :

el ectro- depos:_ltali%gn8 p%og?ggﬁ%%ﬂ (rj{ggvefg{r%ﬁgy'?gs?gyg ec%% icgp?glrtrargd()fogh?
surface ofenhliffdntsCc | ayer 14 by chem cal polynerization and/or

el ectrolytic polynerization. Solid electrolyte |ayer 15 is nmade of
conductive polpjgerg RUGH RetiBAAY PMEWOIE, aROhMbaE OBhame, capdcRofest thki ve of
each polyner. The conductive polyner formng solid electrolyte |ayer 15,

si nce havigmbaligteits. resistibility, allows the solid electrolytic capacitor
to have a small equivalent series resistance (ESR). Solid electrolyte |ayer
15 maylobe f or niig. 010 nisngasesttontiloxiate, ofManc laricdlegefiettd |capasadrf of thhe
layer. In this case, |ayer 15 nay be obtai ned by applyi ng manganese nitrate
to the surdmbedioferdsel ectric |ayer 14 and then perforning heat
deconposition to the surface. Polypyrrole and its derivative can be forned
easily into a Fig nlhasi agsectignalnviesy noft lainclanesle, of hihe mapacitongok thel i d

el ectrolytic layer having a uniformthickness. As a result, a capacitor

el enent cambedimatitsy accommodated in the solid electrolytic capacitor.

Pol yt hi ophene and its, derivative can be formed wasily into a _solid 25

el ectrol yte | g hAvisng sectaonpl Niew eledinstannde of hése giapdciiongoh the
capacitor having a | arge heat resistance. Collector |ayer 16 nmade of carbon
and coffducPRARENE. i s formed on the surface of solid electrolyte |ayer

15. Housing r eﬁgn 1%7is Iassgcgirogg?v{)efw of a solid electrolytic capacitor in accordance

he

with exemplary embodiment 5 of the invention.
Fig. 14 is a sectional view of a solid electrolytic capacitor in accqrdance
with exemplary embodiment 6 of the invention.
20 Fig. 15 is a sectional view of a comparative example of a solid
electrolytic capacitor.

Fig. 16 is a sectional view of a conventional solid electrolytic capacitor.

DESCRIPTION OF THE PREFERRED EMBODIMENT
25 (Exemplary Embodiment 1)
Fig. 1 is a sectional view of a solid electrolytic capacitor in accordance

with exemplary embodiment 1 of the present invention. The capacitor



PCT/ JP02/ 10927 5 thernoset resin, such as epoxy, or thernoplastic resin
havi ng.a | arge heat resistance. The conductive polyner fornmed by chem cal
pol ynmeri zation forns the solid electrolyte layer in fine holes of the valve
et al por e¢gyj9dMogshus 5 allowing the solid electrolytic capacitor to have
a large capacitance efficiently. The cgnductive polyner is forned
continuously on the surface of the dielectric |ayer by electrolytlc

ol or af adoesvElie BAE Lfgﬂqghvéﬁﬁf%% 07858 3RV g 258 peul Liilaver
L o g 2
Foi 1" 11" ofngllF pBd.Brbfte KhRhe %s&%rﬂa? e Fid waqrgua%eﬁﬁ%afwned |
gg;grgt ;?Pé“.‘%oqa AE %5‘3}% a&éf bl'?s%ﬂaﬂ@ﬁtnlaygléégag%uS%r%fé o BdCeiet 19'
Chrough adofil 1S, b8k bpaf 1201 PRRR' G o sRICCRORL ) £liABH AL Rk
connect ed 140 opkLRAL 8 UEBimd GidBYy A DA R CI: 8T BPhAG AR

cat hode extern termn orrred y plating or t

| ead- out  1g,fiRdeoOhotdif BB@? Ry %%almicﬁfl & ,aPéie VAN nfay? THd forng@if! o¥8a

from having a strong oxide I m having a | arge resistance formed on the

surface oforgdigicldeaidctdaby bhlé‘ie@t!ré @%Bﬁtﬁﬂpﬁﬁcb@@d d&lid eldeerpei Iaye£ Ppnect ed

w th anode external term nal . a net hod of manufacturing the
capaci t or j©ffoHbd Y shriaick |ofhﬁe?&tﬂ651§57ébq(l b¥i chenbicab palyaRetizfigh Vi ew

of the anode of the capacitor including valve netal foil 11 and val ve netal
por ousobodyndict eRetlptibqilyherirayione SN /eldRPdly0OAdybr 15 is made of
conductive polymer, such as polypyrrole, polythiophene, and a derivative of
each polymer. The conductive polymer forming solid electrolyte layer 15,
since having a small resistibility, allows the solid electrolytic capacitor to
have a small equivalent series resistance (ESR). Solid electrolyte layer 15
15 may be formed of manganese dioxide, which is generally used for the layer.
In this case, layer 15 may be obtained by applying manganese nitrate to the
surface of dielectric layer 14 and then performing heat decomposition to the
surface.
Polypyrrole and its derivative can be formed easily into a film having a
20 uniform thickness, thus providung a solid electrolytic layer having a uniform
thickness. As a result, a capacitor element can be easily accommodated in
the solid electrolytic capacitor.
Polythiophene and its derivative can be formed wasily into a solid
electrolyte layer having a large heat resistance, thus providing a capacitor
25 having a large heat resistance.

Collector layer 16 made of carbon and conductive paste is formed on the

surface of solid electrolyte layer 15. Housing resin 17 is formed of



formed by screen-printing, dispensing, dye coating, powder-nolding, or the
| ike. Next, as shown in Fig. 6, anode-cathode insulating |ayer 13 nade of
epoxy, silicon resin, or the like, is formed at the |ead portion of the

anode 5 by screen-printing, using a dispenser, dye coating or
t he Ilkeﬁﬂ?wg%@ﬂhk%7 val ve metal poroug body 12 is formed on both sides of
val ve net al f0|I 11, and anode- cathode i nsul ati ng Iayer 13 is accordingly
formed on,both sides of f0|I 11. rous EEF 12 .i5 fqornmed. on qne side of
f oi | 11 thREMOset FesiPapurh s ?EOJ%P eHRop té‘eﬂ?ﬁ@lg R arﬁéoheﬁ’&ul ating

| ayer %/tbe formed after dielectric layer 14 is formed or after solid
electrolfleéslaolﬂ}%? 15 is forrred In the latter case i nsul ating | ayer 13

formed after eI ectrl \%& ' nd a%l%,l ({?el ec te | ayer 15 are renoved

fromthe | ead oG iBrahetire i %Tf e gy 29 $G%BE}8§f GG B rormed
rtheg. pr e shor c ei ng, f,or e e

are ectr OHGH BRI, 'P%mrnal b0y’ bE e o ls )b e bl vy

o eol BP0 Bl WONER, ksl Tt S, SPBGR. Baplapgl [ onoe

capaci tor 5%){1 as shown in Fig. 7, dielectric layer 14 is forrred on the
surface qff alve netal por ous body 12 by anodi zation or

el ectro- depOS"I[’Bb% gﬁl@ﬁ]%é)dl?iﬂw 19T 98 HRIREUS -on' P %GPQ'céQ}f't@l’é

provi des a pol ari ze ectrolytic capacitor, Whl e

el ect r o- dERRTkHE OlhyRi OB§S §19@E1Q)‘I§ft‘i|@§p(ﬂyﬂi%'i‘12&@io%r ! Hﬁ% %ﬁbbfﬁlﬁéeﬂié Qbo¥ide
capacitor. Next, as shown in Solid electrolyte |ayef 15 made of the

25 COﬂdUCélbUt@oEQb Yapdr Bawrﬂ@mgs@uﬂu%kﬂﬁel #nd aeHlPPriteetive bdasRg Of
dielectric layer 14 by chem cal pol ynerization, electrolytic

pol ynmer i ZBhé osvlidreléetadlyte clayposintimataly emitgatiethenedlicdter layer, thus
PCT/ JP02/ 10927 The chem cal polynerization allows the thickness of the

sol i d el esllowing €thd solat eleatiodytic opeaditarnal hdve asmatbESR. of appl i ed
electricity for the chem cal polynerization, thus allow ng the thickness of
the layer to Aeodadead Iontadel ofdlumnumrasnietal otherptiammealveamietal man
provides the solid electrolyte 5 layer wwth a small variations of the
t hi cknesselgetwinalyt einnesteédmabh foil 11 of valve metal. Anode external terminal
19 is electrically connected with anode lead 18. A lead portion made of the
15 valve metal is easily oxidized at the outside of housing resin 17. To avoid
the oxidization, the lead portion is connected to anode external terminal 19
through anode lead 18. Cathode external terminal 20 is electrically
connected to collector layer 16. Both anode external terminal 19 and
cathode external terminal 20 may be formed by plating or the like. Anode
20 lead-out 18 made of the aforementioned material prevents anode lead 18a
from having a strong oxide film having a large resistance formed on the
surface of the lead 18a, thus allowing anode lead 18 to be easily connected
with anode external terminal 19.
Next, a method of manufacturing the capacitor of embodiment 1 will be
25  described.

Fig. 5 is a sectional view of the anode of the capacitor including valve

metal foil 11 and valve metal porous body 12. Porous body 12 may be



Next, as shown in Fig. 9, collector layer 16 is forned on the surface of
solid electrolyte layer 15 with carbon and conductive paste simlarly to a
conventional process. Next, as shown in Fig. 10, anode | ead 18 nade of

al um nummsTgphaiogh® ot her than valve netal is formed at a | ead portion of
t he anode. Anode |ead 18 may be fornmedgbefore dielectric layer 14 is
formed. Next, as shown in Fig. 11, housing resin 17 is formed to expose an

d of anode lead 18 and.a part,.of collegtor | 16, Housi. in 17 i
made of - UREPIPASETRE B RERfAES difpensing 7 “oaae YA PRlIRE. PEIPR havi ng

made of tHERGH
a large 1% (Qeat resi stance. Next, as shown in Fig. 12, anode external
term nal ‘and cat hode external termnal 20 are formed by el ectroplating

the like. T . i t L ect tyi it

Pevi ng good” ol NEvh: S5 Paw AR Fie € HriER -G M AnELEE g aCpB BN 1O
X ti ; - ) _ ) . ; i th
exenpi ar I SOl Rsifl, 5 the IKEAL BHAENCARAROboltinf BF 86 ARe

Thodi . . ) . ; f oo ¢ oy h 25 i
o oo pTT bRy b SElea b T iits RRARREb AUy B o R TR Lk S ol ot or |
llayer 16 wi t higathodevenkeanasdl él_(ﬁ"bms %ldng iCRIrRRAE oh 8h 21ddsS of RalR € Of
materi al of anode | ead 18, PCT/ JP02/ 10927 8 i.e., alum numor netal other

than val v@etgl @il 11 a@deafodecédthodt ¢hsuladinglidyan d3 68 hbaadimly €oiabd bar m nal
20 can be produced sinultaneously at the sane step, thereby sinplifying
processesh@th erledf@cioil g Theotapabolpri2 & fornaéd Yont onandde dofefeil 1B, an
end of cathode |ead-out 20 is exposed to the 5 outside of housing resin 17
and is el eaulatiag lyyearolBacfoethed dtliatdsidxorlynal term nal 20. The
capacitor of the enbodi nent is manufactured by processes shown in Fig. 5to
Fig. ® of enbbdsuletingllayend3trhey beyformpd adessdielectme tayey khishormmedaad 21.
10 Cathode lead 21 may be fornmed at any stage after collector layer 16 is

f ormed anaftbetolid elrstisilyig lagei 4517 formédr nbrdthq bttandaseyirEvbatdn er3) Fig.
3 is a sectional view of a solid electrolytic capacitor in accordance 15
with exerrb3§@l§m%d¥95@i'rdéﬂ@cﬂ‘ﬂblfaﬁeﬁél‘lpﬁﬂé@éﬁﬁdielﬁﬂéi’ﬁlymamd%%ﬁ%r@mwedof t he
enbodi nent is differentiated fromthe capacitor iJIustratgd in Fig. 1 of
enbodi nentrom the lead pertien ot ackich ingpltating layer diveist supppsed 4¢ fexloamedpaci t or
el ements provjde the solid electrolytic capacitor, with_a |arge, capacitance.
Addi ti onata®y, Turthes ameapn%rhb@c&ﬁleﬁgwww&apigib%pgef@% safber dder eases

an equi val.ent serjous resistance (ESR). . .
q15 dfe ectric layer, 1rnsu'lat1ngclayér %3) can be formed of material which may

affect the formation of the dielectric layer. This expands a election range
of the material, thereby increasing productivity of a solid electrolytic
capacitor.
Next, as shown in Fig. 7,.die1ectric layer 14 is formed on the surface of
20 valve metal porous body 12 i)y anodization or electro-deposition process
using organic dielectric. The anodization provides a polarized solid
electrolytic capacitor, while the electro-deposition process provides a non-
polarized solid electrolyte capacitor.
Next, as shown in Fig. 8, solid electrolyte layer 15 made of the
25 conductive polymer or manganese dioxide is formed on the surface of
dielectric layer 14 by chemical polymerization, electrolytic polymerization, or

heat decomposition of manganese nitrate.



The capacitor of the enbodi ment includes three capacitor elenments stacked,
but it.is not limted to three. Mire capacitor elenents provide the solid
el ectrolytic capacitor with a larger capacitance and a smaller ESR The
capaci t or pefr/@gbqeygent 2 includes the stacked capacitor elenents 25 forned
t hrough the process for formng collector |ayers 16, respectively, shown in
Fig. 9 of enbodinment 1. Then, by the sane processes as enbodi nent 1, anode

T AR RSt R T TR B8 i
i 20 A 18 .
oo VBB 5B et TP BT s
j . Al . 1 . . i i C. i

o el ERM TR T
TSRO ol a B SR FOREERY SRR
o ocess B GAS PLEISRESR SRR Al YA BT bEJIES 0T %
having one endygiishs QKBRS itk 120Nl ®ird8yof 1516 HOHal BY dieVutacthifl e the

conventional capacitor includes a lead frame that 1s bent over a part of

the surfaggli@felédteolftsiFhpa 15hRithaeabonCan@fcondacaidofisterimilaay tohal udes
nore capacitor elenents stacked than the conventional capacitor. 15 The

val ve met abnpaitisimllpedyesspy be forned on one surface of the valve netal
foil. In this case, the anode-cathode insulating |layer is fornmed on the
side of the | @dektpastshowroin Mg cho tasodeoleadsi®aaydd sf Ahmikrhm Orahetal, t he
ot her side, on which the porous body is not forned, has no insulating |ayer
t her eod. Ohher dtamuvdlue anetial asvformmedeat ajagd pportieh efreind andde. beAsddeclead, t hus
20 providing the solid electrolytic capacitor with a small ESR (Exenpl ary
Enbodi mentl84nagibg.forimed bafereadielmetatic Vayew lof isdfosmledd el ectrol yti c capacitor
in accordance with exenplary enbodi ment 4 of the present invention. The
capaci tor of 2¥exthesshbwai meKig.ild, hohsmeerasinflddsifexmed he expprecan endshown
in Fig. 3 of enbodinent 3 in that the capacitor el enents are stacked via
solid el e€f popge deachy8andim parhat collecteniayeztls |Howsingaesiy Fornmadsen t he
out er surfgces of solid . PCT/JP02/ 10927 1Q electrolyte |layers 15 of a

st acked b® iih‘?rr%q’ﬂéﬁﬂ@r@ﬁi@’ §F‘é¥bﬁ§6p€’a§b£€i% ergy Grefin QREHIEQ A8y er 15.
According,to a nethod of manufacturing the capacitor of enbodi ment 4, the
capacit® or NSREFEHEENCAC| uding solid el ectrolyte |ayer 15 forned through 5

(he process shoun 1) B0k PROMIESL L. She Stacked TN sy o
16 and.calNBrR Ry thal B e o B d R s "1 "y be f or med
before the Capﬁ% bPJcegé GH50s f)r&;iﬁegli:ﬂg légﬁd e}gctrolytic capacitor havipg good
electrical characteristics.
20
(Exemplary Embodiment 2)
Fig. 2 is a sectional view of a solid electrolytic capacitor in accordance
with exemplary embodiment 2 of the present invention. The capacitor of
the embodiment is differentiated from the capacitor of embodiment 1 shown
25 1in Fig. 1 in cathode lead 21.
Cathode lead 21 electrically connects collector layer 16 with cathode

external terminal 20. Cathode lead 21 is made of material of anode lead 18,



This process allows anode |lead 18 to be forned on each el enment easily.
(Exenplary Enbodi nent 5) Fig. 13 is a sectional view of a solid

el ectrolytic capacitor in accordance 15 20 with exenpl ary enbodi ment 5 of
t he preseprP@%gﬂbggn. The capacitor of enbodiment 5 includes second solid
el ectrolyte layer on a solid electrglyte |layer covering the outer
surface of a stacked body including the stacked el enents, while the

capaci tor , of gnbodinent 4 incgydes capggitor elggggts stacked via,salid

el ect r ol yi-8 pAYyRIRUmMEY Wetalotber fhap valiedaetalneAnpde RteTRBLIETHWRL 49 ar ge

L e R
thon,  secBimesHPy PELDr SipPEORagcPioResTs orAnptos Fing Lt FAPBOTIT he
Formoa. onSpatesy & ahdd8ieqd I5, B tnd Br EERRERTER 9Pt B0 SBo8Ed 4RARE | oae”
hnode bt DRmR SR HInGHRY (ROl 07 enl0HS ELEERND, el SRRA, cBIRARIEN

PCTI JP0O2/ ead-out 18 may be forned before the capacitor
el enent s gg%%é?gﬁi@%ﬁgps process allows anode lead 18 to be fornmed on

each el ement eayl bypacptor EraHR dhkoEmGH ﬁ%ﬁnﬁfac’fﬁfbﬁl %fxlg&ng?&séﬁr%@ggal vi ew

of a solid electrol'ytic capacitor 1 n accordance wt ary e i ment 6
of the pr Qﬁ@i‘% B B0 BN D6f e hiBBIRAPARE 1L £hd %e@ﬁ?%%ﬂﬁ@é‘és & fonalnglestHedeaci t or
el ements stacked via dielectric layer 14, while the capacitor of enbodi nent
3 shown i Medd 91. 3 i ncludes a cathode 10 portion of each capacitor el enent
is stacked via collector |layer 16. That is, according to enbodi nent 6,

sol i diel ect r olGsthotiaYesd 23 mayflar forched al £AF bt keocdlbcsor fagee 16fis
dielectric layer 14 of a stacked body including the capacitor elenents

st acked vifarmhed end béfore housing resin 17 is formed.

(Exemplary Embodiment 3)
Fig. 3 is a sectional view of a solid electrolytic capacitor in accordance
15 with exemplary embodiment 3 of the present invention. The capacitor of
the embodiment is differentiated from the capacitor illustrated in Fig. 1 of
embodiment 1 in including stacked capacitor elements. The stacked
capacitor elements provide the solid electrolytic capacitor with a large
capacitance. Additionally, a parallel connection of the capacitor elements
20 decreases an equivalent serious resistance (ESR).

The capacitor of the embodiment includes three capacitor elements
stacked, but it is not limited to three. More capacitor elements provide the
solid electrolytic capacitor with a larger capacitance and a smaller ESR.

The capacitor of embodiment 2 includes the stacked capacitor elements

25 formed through the process for forming collector layers 16, respectively,
shown in Fig. 9 of embodiment 1.

Then, by the same processes as embodiment 1, anode lead 18 is formed



According to a nethod of manufacturing the capacitor of enbodi nent 6, 15
the capacitor elenents are stacked after dielectric layer 14 is fornmed at
the process shown in Fig. 7 of enbodinent 1. Then, simlarly to enbodi nent
1, solid glegir®lxbe; | ayer 15 and collector |ayer 16 are formed, anode |ead
18 is formed at each | ead portion, houging resin 17 is forned, and then,
anode external termnal 19 and cathode 20 external term nal 20 are forned.

ver 15 e e BRulS 1SR REL ASY RERETTL8Y iBHEaRe B ndabor

h el iply..2 Ex I Ex e 1 of it ds t
Che. capaciPur RN (EATB ASARA ba ot xR Bp Fafialrd RBEET54.ont ot um povder
R L T e L s e U
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25, mwith a mask havi ng e o formed therein. Then,

the tagtal um f2hdqaisnd!isCthdsOpl Hofinpd! Bt AME- dibllenfROBT AR flgd(apsed | n

nitric atnosphere at a tenperature 4 en was ba I'n vacuum at

a tenper atpiegiflsly 39ing NG foAbNRAR ANSHLIR1LAY ddHiRh At Wity sttty Of

silicone at a |lead portion of the anode. i'electric | ayer

formed by slx%b’eei‘ﬁﬁé?%@éés@é‘s, ib%tjﬂs@mbgﬂiaﬁna}grﬁ 1 eHpLRor BléRentOHLE

el ectrolyte | ayer 15 nade of pol ythi ophene ivative was formed on | ayer

14 by chenfocileclpanivaEEiread icatsed ihtfbemhing thardiilel Riedl aklsprwicbyecanai nt
| ayer were applied on the surface of layer 15 to formcollector |ayer 16.

15 Then) chepefbrd dédreasy dograrl ativncdiuhmsacteribtils of wepseitded at the | ead
portion of the anode to form anode |ead 18. Then, housing 17 nmade of epoxy

was f aionmed so Bke tapadterof the empadithentseinehedds thechnddedesachbdeingeade18.
Anode external term nal 19 and cathode external term nal 20 were fornmed on
each si de el just expbsdibtosthg otfsithy of the housing resin, while the conventional

capacitor includes a lead frame that is bent over a part of the surface of the

housing. The capacitor of the embodiments can includes more capacitor

elements stacked than the conventional capacitor.

15 The valve metal porous body may be formed on one surface of the valve

metal foil. In this case, the anode-cathode insulating layer is formed on the

side of the lead portion on which the porous body is formed. That is, the

other side, on which the porous body is not formed, has no insulating layer

thereon. This structure allows more capacitor elements to be stacked, thus

20 providing the solid electrolytic capacitor with a small ESR.

(Exemplary Embodiment 4)
Fig. 4 is a sectional view of a solid electrolytic capacitor in accordance
with exemplary embodiment 4 of the present invention. The capacitor of
25 the embodiment is differentiated from the capacitor shown in Fig. 3 of
embodiment 3 in that the capacitor elements are stacked via solid electrolyte

layers 15. That is, collector layer 16 is formed on the outer surfaces of solid



20 plating. Then, aging was perforned to provide the solid electrolytic
capacitor (having a size of 7.3mm by 4.3mm by 0.5nm . (Exanple 2) Exanple 2
of a capacitor corresponds to the capacitor of enbodinment 2. 25 Simlarly
to exanpl ¢ch,jpanqesyd ead 18 was fornmed at a | ead portion of an anode, and
then, cathode |ead 21 was formed on cojd ector |ayer 16. Copper foil having
a thickness of 100 um was enpl oyed for cathode | ead PCT/ JP02/ 10927 13 21.
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el enen de ‘exter nal ode external termnal 20 15

were formed owmcglah% yiﬁ_egﬂﬁﬂfnegguf'élﬂlegopYa)@raiG nNg-fores; aﬁSHé‘Q was

performed to provi ectrolytic capaci'tor (having a size of

7.3mM by 4o 38 BY fotnfelht chEXBHA Sortior howsaiPl&sifh PF iforaltAL lab@ then,

corresponds to the capacitor of enbodinent 3. Simlarly to exanpl e 1, ei ght

capaci t or agb@sertérnhdvémgindoesideathaderextdfalrtespenil 2@ laye fovenied. st acked.
Anode | ead 18 was fornmed at a | ead portion of each of the stacked capacitor

el ements. Thermnaietiehdrl8ymbo beermbé béforetheaphaditer ekimenhtstdre stageal.t or
was provided (having a size of 7.3mm by 4.3mm 25 by 4. Om).
10  This process allows anode lead 18 to be formed on each element easily.

(Exemplary Embodiment 5)
Fig. 13 is a sectional view of a solid electrolytic capacitor in accordance
with exemplary embodiment 5 of the present invention. The capacitor of

15 embodiment 5 includes second solid electrolyte layer 30 on a solid electrolyte
layer covering the outer surface of a stacked body including the stacked
elements, while the capacitor of embodiment 4 includes capacitor elements
stacked via solid electrolyte layers. This structure provides the §tacked
body with a large mechanical strength.

20 According to a method of manufacturing the capacitor of embodiment 5,
the capacitor elements are stacked after solid electrolyte layer 15 is formed
through the process shown in Fig. 8 of embodiment 1, and then, second solid
electrolyte layer 30 is formed on the surface of the stacked capacitors.

Then, similarly to embodiment 1, collector layer 16 is formed on the

25 surface of second solid electrolyte layer 30, anode lead 18 is formed at each
lead portion, housing resin 17 id formed, and then, anode external terminal

19 and cathode external terminal 20 are formed.



(Exanpl e 5) PCT/ JP02/ 10927 14 Exanple 4 of a capacitor corresponds to the
capacitor of enbodinent 4. Simlarly to exanple 1, nine capacitor elenents
having solid electrolyte layers 15, respectively, were stacked. Collector

| ayer 16 pgs/gbogmegbon the surface of the stacked el enents. Then, simlarly
to exanple 1, the solid 5 electrol yticicapacitor was provided (having a
size of 7.3mmby 4.3mm by 4.5mm . (Exanple 6) Exanple 6 of a capacitor

e capact t onBHE AR g i o¥ T SOBRER ety g SyEhetin By ©
respect | Vel Ner epol gekeds Sohd.daabacii ol et BY9hedRe %dsaa{ clergen

pol yt hi ophene r| vat rve Wwas an exposed ou surtf ace of
solid el egiLip)yte layer 15 disposed on the stacked el errents by 15 chem cal
pol yneri zation. Next, collector |ayer 16 was forned on the surface of the
stacked el enents, and anode | ead 18 was forned at a | ead portion of each
the capacitor elenents. Then, simlarly to exanple 1, the solid

el ect rgl y%EfeIﬁﬁ |E191rb0wﬁ§eﬁfgy| ded (having a size of 7.3mm by 4.3mm by
4.5m) . (Exa 7) exanple 7 of a capacitor corresponds to the

capaci tor of Q‘H@Oﬂﬁl e AtlsebtioPh IV iedr bf/a k6li@edsmIAydic chEacl%\xPﬁP ht¢@rdgh&ent s
having dielectric |ayers 14, respectively, were stacked. Solid electrolyte

layer 15 wgle eRbmpIaBokyibidiphkane e€thy gireyentvasvdmiided Plie lcapstitenofin
exposed outer surtface of dielectric |ayer 14 applied to the stacked

el ement s bmbodementl6 podludes icaphcioty, elmentsesacked |vaatdieldctsieragér fidy ned of
carbon and a silver PCT/ JP02/ 10927 15
while the capacitor of embodiment 3 shown in Fig. 3 includes a cathode
10  portion of each capacitor element is stacked via collector layer 16. That is,
according to embodiment 6, solid electrolyte layer 15 is formed at least on
exposed surface of dielectric layer 14 of a stacked body including the
capacitor elements stacked via layer 14.

According to a method of manufacturing the capacitor of embodiment 6,

15 the capacitor elements are stacked after dielectric layer 14 is formed at the
process shown in Fig. 7 of embodiment 1.

Then, similarly to embodiment 1, solid electrolyte layer 15 and collector
layer 16 are formed, anode lead 18 is formed at each lead portion, housing
resin 17 is formed, and then, anode external terminal 19 and cathode

20 external terminal 20 are formed.
Anode lead 18 may be formed before the capacitor elements including

the layer 14 are stacked. This process allows anode lead 18 to be formed on

each element easily.

25 (Example 1)
Example 1 of a capacitor corresponds to the capacitor of embodiment 1.

Coating material was made of tantalum powder having an average



pai nt |ayer were fornmed. Then, anode |ead-out 18 was fornmed at a | ead
portion of each of the capacitor elenents. Then, simlarly to exanple 1,
the solid electrolytic capacitor was provided (having a size of 7.3nm by
4.3mm by gcPmbe/ibodConpar ati ve exanple 1) Fig. 15 is a sectional view of
conparative exanple 1 of a solid elect{plytic capacitor. Coating nateri al
was made of tant al um powder having an average 10 p article diameter of 0.2
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Ten capacitors “for eac exanpl es exanp 0 exanple
conpars’;\tlmge ﬁ le 1, are measured in capacitance at 120Hz, in the ESR at
100kHz ESL at 5MHz. Table 1 shows an average of neasurenents of

the ten capacityy anb@& WaEMee¥edRCin mﬁqg Il RO% ﬁ@%%t(-r%@n%eﬁttﬁ@ Munber
of Stacked Capacitor El enentsCapacitance F) ESR (n52) E H) Exanpl e

11102264. 16&9@@41&tﬁé&mmﬁmlﬁlﬁwQeﬂﬂeﬂ@c%%@%phgowc Anode-
488114. 44. 13Exanp|e 598984. 04. 11Exanpl e 699063. 64. 12Exanpl e

71010173. etHi%eoimpal atihy ajanBlwad 83T o8 éilltvmecapadeb@portioneafaid es 1
and 2 includes the sanme nunber of capacitor elenents as that of conparative
exanpl e lanbdwer tThémsdielebari®d gpacil ownsofforanedpbes12Vanbdzdtaore imar ger
capaci tances, snmaller ESRs, and snaller ESL than those of the capacitor of
conpat@t i phosplaonit ecidl solfisni s because the capacitors of exanples 1 and 2
exclude lead franmes 8 and 9 included in the conventional capacitor. That
is, the solidTHextsobidyelectrobpadayer 18anaddiofgpolythidhqreedenvative was

formed on layer 14 by chemical polymerization. Further, a carbon layer and
a silver paint layer were applied on the surface of layer 15 to form collector
layer 16.

15 Then, copper foil having a thickness of 100um was welded at the lead
portion of the anode to form anode lead 18.

Then, housing 17 made of epoxy was formed so as to cover the capacitor
element including anode lead 18. Anode external terminal 19 and (_:athode
external terminal 20 were formed on each side surface of housing 17 by

20 plating. Then, aging was perf(;rmed to provide the solid electrolytic

capacitor (having a size of 7.3mm by 4.3mm by 0.5mm).

(Example 2)
Example 2 of a capacitor corresponds to the capacitor of embodiment 2.
25 Similarly to example 1, anode lead 18 was formed at a lead portion of
an anode, and then, cathode lead 21 was formed on collector layer 16.

Copper foil having a thickness of 100um was employed for cathode lead



10 invention can includes the anode having a | arge vol une due to
ellimnating lead franes 8 and 9. The capacitor of the present invention has
the small ESR and the snmall ESL since not having an ESR provided by | ead
frames 8 ppg i Bodtiogr ESL provided by an extending Iength of lead frames 8
and 9 connected wth 15 external el ectypdes 19 and 20 to be | oaded on
characteristics of the capacitor. The capacitance increases substantially
in proportion o,t upgher of .th t acked capagitor. el.ement while the
£SR docr cdbos tahOtr el BY i hofed) G SPlpGRR Bir 16 ThathingtPe of ¢ he
capaci tor enents, thus providing the neasurenents theoretically. 20 The
capacitor@ ?ﬁﬁ%anples 5 to 7 have substantially the sane sizes and

PCT/ JP02/ 1092 differentiate re ime..the
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el ectrol ytic capaci thus providing the capacitor with an advantage in

its capachyasBnfB§ OB5Rm)\ny capacitor of exanples 1 to 7 are clearly
different Tromthe capacitor 10 of conparative exanple 1 in

characteristics. any of capacitors of the exanples selected due to
manuf acturing process has characteristics superior to the capacitor of
conpar at i (Iexexaphp8e 1. According to the present invention, the tantal um
porous body is forned on both sides of the tantalumfoil. The porous body
may cah be folxadple 3l6f @oapstiter amntespoadd tbthe kapadtmenf eampatbensid. 18
formed on the side having porous body 12 allows the capacitor elenents to
be effectivel Pimikcketh exanplelilnfoumcaeeiforedemenisinniudion) ancdet kladm i s
used for the valve netal, but it is not limted to. Oher valve netal, such
as al um ndf resipetiively, are stacked. and zi rconi um can provide the same effect.
20 | NDUSTRI AL _APPLI CABI LI TY
Then, housing 17 made of epoxy was formed so as to cover the stacked
elements. Anode external terminal 19 and cathode external terminal 20
15  were formed on each side surface of housing 17 by plating. Then, aging was
performed to provide the solid electrolytic capacitor (having a size of 7.3mm

by 4.3mm by 2.0mm).

(Example 4)
20 Example 4 of a capacitor corresponds to the capacitor of embodiment 3.
Similarly to example 1, eight capacitor elements having collector layers
16, respectively, were stacked. Anode lead 18 was formed at a lead portion
of each of the stacked capacitor elements. Then, similarly to example 1, the
solid electrolytic capacitor was provided (having a size of 7.3mm by 4.3mm

25 by 4.0mm).

(Example 5)



A solid electrolytic capacitor according to the present invention, since
not including a |l ead frane, can include an anode having a | arge vol une,
t hus having a | arge capacitance. PCT/ JP02110927 1. A capacitor
conpri si ngCTUP0CLIAYNE a val ve netal foil including a valve netal porous
body and a lead portion; 5 a dielectrig4l ayer provided on said val ve netal
porous body; a solid electrolyte |ayer on said dielectric |ayer; a
col l ector |ay ! .9 .; I : -ano C cted to
HxstioR) O 8 B Boifor Sk ipbh R BB caflhi BB Ab Rl RAR0E

said | ead portion, atrn val ve e porous
body, Cd 10 odi . , . i !
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over sai d hHousing and connect said en said ano and 15 a

cat hode exhffabdloft @ebtdkelr S¥hidads OVEheS abithilotls  tB0e@itpleO¥PLRE Jalikh sai d
collector layer. 2. The capacitor of claiml1, further conprising an
anode- sat Bherdlys| caphbdot aysd pﬁéﬁ\dbde(ﬂa&inf ai §lzé 707 Bk i8N 4f3thnd Byul at i ng
bet ween said 20 | ead portion and said solid electrolyte |ayer and for
i nsul ati ng.fmyeen said | ead portion and said collector Layer. 3. The
capacitor of claiml1l, wherein said anode | ead can be plated. 25 4. The
capacitor of claiml, wherein said anode |lead is connected to a side of
said | ead portion on which said val ve netal porous body is provided.
PCT/ JP02/ (B92mpl®65. The capacitor of claim1l, wherein said anode |ead
conpri ses one of

Example 6 of a capacitor corresponds to the capacitor of embodiment

10 45.

Similarly to example 1, nine capacitor elements having solid electrolyte
layers (not shown), respectively, were stacked. Solid electrolyte layer 15
made of polythiophene derivative was formed at least on an exposed outer
surface of solid electrolyte layer 15 disposed on the stacked elements by

15 chemical polymerization.

Next, collector layer 16 was formed on the surface of the stacked
elements, and anode lead 18 was formed at a lead portion of each the
capacitor elements. Then, similarly to example 1, the solid electrolytic
capacitor was provided (having a size of 7.3mm by 4.3mm by 4.5mm).

20
(Example 7)

example 7 of a capacitor corresponds to the capacitor of embodiment 6.

Similarly to example 1, ten capacitor elements having dielectric layers
14, respectively, were stacked. Solid electrolyte layer 15 made of

25  polythiophene derivative was formed at least on an exposed outer surface of
dielectric layer 14 applied to the stacked elements by chemical

polymerization, and then, collector layer 16 formed of carbon and a silver



al um num and netal other than valve netal. 6. The capacitor of claim1,
wherein said anode external termnal 5 conprises a plated film 7. The
capacitor of claim1l, wherein said cathode external term nal conprises a
plated filgppifdePogdne capacitor of claim1, further conprising a cathode
| ead for connecting said collector laygs with said cathode external
termnal. 9. The capacitor of claim8, wherein said cathode | ead conprises

one of alum.num and netgl other_fhan valv tal .. 15 10, The capacitor of
claim 1, WRkildeIaVare dPTaee otpeB) 9?@‘5‘1‘ gﬁo%rﬂﬁr wassirmed ati g eﬁ& ynmer

11. A capacit.or gonprising: 20.a stacked b i ncl ugdi a plurality, of
capaci t or Héﬂrt‘ﬁﬁ §ggb8§ Q}S%Fag%lwrpﬂtlwpgﬁ-y e%zfﬁa’éf%rg? t%fegﬁg}ﬂqg 1,¥he
respectivel y..includi ng valve nmetals foil,incl.uding.val met pOL ous

bodt e ancoligalorobi dbarfopaia pungiediRuse 4 Sineaghr Shoby AR sai o
val ve net3%7§§rou§ 25 bodi es, respectively, solid electrolyte |ayers

provi ded B i el ectric | ayers, respectively, and PCT/ JP02/ 10927 20
coIIec%or | ayers provided on said solid electrolyte |ayers, respectively;
anode |'eads connected to said | ead portions, respectively; a housing for

acconmodat g ' t dy and said anode 5 | eads, and for having
respective e%ggﬁ%gw§§§%5§ﬁ8§2 | eads exposed froma surface thereof; an

ot orLe! ARSI DGR QU akslRio0 anibf R Vot o0
electrolytic capacitor.
Coating material was made of tantalum powder having an average

10 particle diameter of 0.2um and a nominal capacitance of 100,000CV. Next,
the coating material was applied in a thickness of 100um to both surfaces of
a tantalum foil having a thickness of 25um with a metal mask having a hole
of 5mm by 3mm formed therein. Then, the tantalum foil was dried to form
an anode.

15 Through providing the anode with collector layer 16 similarly to
example 1, a capacitor element was formed. Then, aging was performed to
provide the solid electrolytic capacitor thaving a size of 7.3mm by 4.3mm by
0.5mm).

Ten capacitors for each of examples, example 1 to example 7, and

20 comparative example 1, are measured in capacitance at 120Hz, in the ESR at

100kHz, and the ESL at 5SMHz. Table 1 shows an average of measurements

of the ten capacitors for each example.
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said coll ector

external term nal

| ayers. 12. The capacitor of claim1ll, further

anode- cat hode insulating | ayer provided at said | ead portions for
i nsul ati npdagipweingsai d | ead portions and said solid electrolyte |ayers and

for insulating between 15 said | ead porgi ons and said collector |ayers,

provi ded over said housing and 10 coupled with
conprising an

respectively. 13. The capacitor of claim1ll, wherein said anode | eads can

be pl ated

connect ed

él]? 'l;he capacitor of claim1l1l, wherein said anode | eads are
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\mrou_s bog! gs arg plro ijdedNulhﬁ'ieﬁQﬁtSt‘é@ké!d I15 '@@mbt olrEgR cl 191,11,
erein said anode | eads al um num met p er n

val ve net .F "@ :LIIIU Lﬁ%drlgﬁlmﬁaﬁlsm 1 V\nlc(ﬁmﬁsln sa d(n?ﬁlgdﬁ (%?3 nal
term nal ¢es ;,??.I%B a—pated—Fm RPCH-JPO210927—21 —FHE=—-ea of of
claim 11, \/\,4J RIaq%i d_cathode ex}ernal term al o rr| sel %I a 941234 Im 5
18. The capd@iamopleod ¢laim 11 furdher includes cat#dfe | endD.0or| chBe¢ting
sai d col | gctExarhpleets |Wi th said c@&thode exterpal t@iIm nal| regpectd.usly.

19. The capagidpleos ¢l aim 18, wherein said chthodgggdeads| congrises gpe|10
of al um nym [é\l ottier nan ga1 ve metal s 20 Qdé'e capacy Lor 04“19 ai m
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and | ead portions,

10

15

20

respectively,

The capacitors of examples 1 and 2 includes the same number of
capacitor elements as that of comparative example 1. Nevertheless, the
capacitors of examples 1 and 2 have larger capacitances, smaller ESRs, and
smaller ESL than those of the capacitor of comparative example 1. This is
because the capacitors of examples 1 and 2 exclude lead frames 8 and 9
included in the conventional capacitor.

That is, the solid electrolytic capacitor according to the present
invention can includes the anode having a large volume due to eliminating
lead frames 8 and 9.

The capacitor of the present invention has the small ESR and the small
ESL since not having an ESR provided by lead frames 8 and 9 or an ESL
provided by an extending length of lead frames 8 and 9 connected with
external electrodes 19 and 20 to be loaded on characteristics of the capacitor.

The capacitance increases substantially in proportional to the number
of the stacked capacitor elements, while the ESR decreases substantially in
inversely-proportional to the number of the capacitor elements, thus
providing the measurements theoretically.

The capacitors of examples 5 to 7 have substantially the same sizes and



20 dielectric layers provided on said valve netal porous bodies,
respectively, and first solid electrolyte |ayers provided on said
dielectric layers, respectively; a collector |ayer provided over said
stacked GLeslyjp#pi@pRede | eads connected to said | ead portions, respectively;
a housing for acconmodating said stackgd body, said collector layer, and
sai d anode | eads, and for having respective ends of said anode
PCT/JPOZ/lO%%} | eads %{ osed froma surface .thereof; 22 an anode external
term nal YProWieEantotsd Lamy s RRGeER BonHIG e GRPACLY elemelfe & Pve ends

housi ng e oudREaSaPRRESen Camale gr spelpde 35 BAfEoeRitngT Cl ai m
<t acked orgEeL ey WeBeBEO oS4 fo ToBRHIoTOE, P B RPLRRRRPLCal | o
21t urt Her ke SRR PGSR PR e ges SOBSIRE Iy S
el aot Fol 207 felts, BAMBARAL HHERRA LS A, eAFREL BRICkREN LB oo el al o

col I ect onahayeihf e stiikeQPRMIME. Ot tht, caf i GirNeRUht3NAGE pheads
d

can be plated. 20 26. The capacitor of claim 21, erein sald anode | eads

are connegheked Omdiden of 18RItHd! §skePoht hOBSiP1vRER tRA D H@ S thRisal
porous bodies are provided, respectively. 27. The capacitor of claim 21,

wher ei N Saiodidingddel @PARiteP WHER 88 A RRhed bn MsWalpReThARS aABERR Ot her than
val ve net'al. 28. The capacitor of claln1gl, wherei n said anode externa
term nal Any capacitor of examples 1 to 7 are clearly different from the capacitor
10 of comparative example 1 in characteristics. any of capacitors of the
examples selected due to manufacturing process has characteristics superior
to the capacitor of comparative example 1.
According to the present invention, the tantalum porous body is formed
on both sides of the tantalum foil. The porous body may can be formed on
15 one side only, and in this case, anode lead 18 formed on the side having
porous body 12 allows the capacitor elements to be effectively stacked.
According to the present invention, tantalum is used for the valve
metal, but it is not limited to. Other valve metal, such as alup:inum,
niobium, titanium, and zirconium, can provide the same effect.
20
INDUSTRIAL APPLICABILITY
A solid electrolytic capacitor according to the present invention, since

not including a lead frame, can include an anode having a large volume, thus

having a large capacitance.



PCT/ JP02/ 10927 conprises a plated film 23 29. The capacitor of claim 21,
wherein said cathode external term nal conprises a plated film 5 30. The
capacitor of claim21l, further conprising a cathode |ead for connecting
said coll wi th said cathode external termnal. 31. The capacitor
of c|a.nf§%h93%égﬁﬁz sai d cathode | eadgconprises one 10 of al um num and
nmetal other than valve netal. 32. The capacitor of claim?21, wherein said
first solid electrolyte layers conp nductive polyner. 15 33. A
capacitor conprising: a stacked bodgifﬁ@ﬁgding a plurality of capacitor

el ement s stactég sal Iura ity of capacitor elenents respectively

i ncl udi ng val ﬁﬁ?gP (¥§ppﬁﬁﬁhdlng val ve netal porous bodies and | ead

et al “por ous. bodi 'a!e'lif%&e&el?% ReGEE B BleeEh LS e sl o

said st a(rzllgo gl l%ody, a collector layer provided on said solid electrolyte
| ayer; Ue'Peads connected to said | ead portions, respectively; 25 a

anode 3 cads, “and. Foy Pkl B bR RAS ‘66?‘9%%%9 R osed
[rom a surt ace{ ngEAlec Y BRRAP R cRRganpprextornal tormnal
anode | eads; and g pHb&RIapet &5 Bald g(ﬁ{drb]@@{rogrtg\lhgﬁq over said housing and
an anode lead connected to said lead portion;
a housing for accommodating said valve metal porous body, said
10  dielectric layer, said solid electrolyte layer, said collector layer, and said
anode lead, and for having an end of said anode lead exposed from a surface
thereof;
an anode external terminal provided over said housing and
connected with said end of said anode lead; and

15 a cathode external terminal provided over said housing and

coupled with said collector layer.

2. The capacitor of claim 1, further comprising an anode-cathode
insulating layer provided at said lead portion for insulating between said
20 lead portion and said solid electrolyte layer and for insulating between said

lead portion and said collector layer.
3. The capacitor of claim 1, wherein said anode lead can be plated.

25 4. The capacitor of claim 1, wherein said anode lead is connected to a

side of said lead portion on which said valve metal porous body is provided.



coupled with said collector layer. 5 34. The capacitor of claim 33, further
conpri sing an anode-cat hode insulating |ayer provided at said | ead portions
for insulating between said | ead portions and said solid electrolyte |ayer,
and for ipeDUROZ/N@p2et ween said | ead portions and said collector |ayer. 10
35. The capacitor of claim 33, whereingsai d anode | eads can be plated. 36.
The capacitor of claim33, wherein said anode |eads are connect ed to sides

f d | ead .
O ertina °39 BORGbaARa0nU0r i wiglls, DRLCk,AR U SRRARSER IR
one of aI Wm@ﬁgﬂdr}ggal oghg&efh&ﬁ@ﬁ}dé%gﬁalmt al. 20 38. The capamtor of

cl aim 33, reln sai d anode external termnal conprises a plated film 39.
The capacitor of claim 33, wherein said cathode external term nal conprises
a plated film 25 40. The capacitor of claim 33, further conprising a
cat hode | ead BOMHORAEELiLAIY 0B A4int0] | §HeRbin YRS a%a@ SabfhAatdargaext er nal
term nal . PCT/JP02/10927 25 41. The capacitor of clai m40, wherein said
cat hode | @aflpFSERs p3fedoilen Of al um num and netal other than valve netal. 5
42. The capacitor of claim 33, wherein said solid electrolyte |ayer
conprises conductive polyner. 43. The capacitor any one of clainms 10, 20,
23, 32, and 42, wherein said conductive polyner includes polypyrrole or its
derivative. 10. The ddpacitapasi tlaimany wingedf saldicatholle, exd@rnaél3terdinabnd 42,
wherein said conductive polynmer includes polythiophene or its derivative.
comprises a plated film.

10 8. The capacitor of claim 1, further comprising a cathode lead for

connecting said collector layer with said cathode external terminal.

9. The capacitor of claim 8, wherein said cathode lead comprises one of

aluminum and metal other than valve metal.

15
10. The capacitor of claim 1, wherein said solid electrolyte layer
comprises conductive polymer.
11. A capacitor comprising:
20 a stacked body including a plurality of capacitor elements stacked,

said plurality of capacitor elements respectively including
valve metals foil including valve metal porous bodies
and lead portions, respectively,
dielectric layers provided on said valve metal porous
25  bodies, respectively,
solid electrolyte layers provided on said dielectric

layers, respectively, and



45. The capacitor any one of clainms 10, 20, 23, 32, and 42, wherein said 15
conductive polyner includes conpound of polypyrrole or its derivative with
pol yt hi ophene or its derivative. 46. The capacitor any one of clains 10,

20, 23, 3)T/@roe/Adh27wherein said conductive polymer is formed by chem cal
pol yneri zation. 20 47. The capacitor agy one of clainms 10, 20, 23, 32, and
42, wherein said conductive polyner is forned by electrolytic

pol ymeri zation. 48. The c ¢ I and 42,
wherein said 25 conducti VZCB%%)%?MP?Q&%%% %ﬁhﬁ%}@g e%@r é"% éra i ons
and el ect re%hléf:ﬁ@e ol ymeri zation. PCTI JP02/ 10927 26 49. A met hod of

manuf acturing a s Ild el ectrolytic capacitor, conprising the steps of:

providing a val e anfftMaddldnlddel el 0 SeaPhitidfRl SlePrigus; body and o

| ead portion; 5 formng a d| ectric por ous body;

formng a solid e'aeﬁéﬁﬁhgti%#ai‘)f@ﬁm@d&attgﬁt g4ig! @c‘éﬁ:]’:éd? oy nd 581dThRgd&

collector layer forned o e solid el rol yte layer; connecting an anode

lead 1 thadseaddPRrihHAng! ﬂerspbmv@ cRAY I NGid GinodeCRETD EapbB&d s Val ve
netal porous body, 10 the dielectric layer, the solid electrolyte |ayer,

the col | egigacd Bv@eof:and the anode | ead, and for having an end of the anode
| ead exposed froma surface of the housi ng; and form ng external el ectrodes
over the housing, anhanedteenirnal aetmidias pbevidgd covereshtl hdusing hendnd of
the anode | ead and the collector 15 | ayer, respectively. 50. The nethod of
cl ai m 49, conhmreeehwithi shigtespedtivoemdsof sagd binedatexdks; hedd i s execut ed before
said step of formng the dielectric layer. 20 51. The nethod of cl ai m 49,
further conprising chthateepxtdrnadr terngnah paovidedcavémwsaid dsaising nand ayer on
the | ead portion. 52. The nmethod of claimb51, wherein said step of formng
t he albdecoupled with said collector layers.

12. The capacitor of claim 11, further comprising an anode-cathode
insulating layer provided at said lead portions for insulating between said
lead portions and said solid electrolyte layers and for insulating between

15 said lead portions and said collector layers, respectively.
13. The capacitor of claim 11, wherein said anode leads can be plated.

14. The capacitor of claim 11, wherein said anode leads are connected to
20 sides of said lead portions on which said valve metal porous bodies are

provided, respectively.

15. The capacitor of claim 11, wherein said anode leads comprise one of
aluminum and metal other than valve metal.
25
16. The capacitor of claim 11, wherein said anode external terminal

comprises a plated film.



cathode insulating |layer is executed before said step of formng the

direl ectric 25 layer. 53. The nethod of claimb51l, wherein said step of

form ng the anode PCT/ JP02/ 10927 27 cat hode insulating |ayer is executed
after sai pEt/gEoeiooher m ng the dielectric |layer. 54. The nethod of claim
49, further conprising the step of 5 regmoving a portion of the dielectric

| ayer over on the |ead portion. 55. The nethod of claim54, further
conprising the step of after said step of renoving the portion of the
dielectric layer, form ng an anode-cat hode insulating |layer at a portion of

the 'ead po”'f’i‘ Oggéééi%cﬁo&jélggmtﬂsr v E%Yﬁdsa%’ ta!tﬂ@de?%x%é}?laglt&%lﬁﬁﬁll ¢

| ayer. The ne aim conpri sing removi ng

a porti on Fnégpgegsapb fe8lfAaf rol yte layer over the |l ead portion. 15 57. The

met hod of ¢ urther conprising the step of after the step of
renoving the portion of the solid electrolyte |ayer, form ng an
anode- cat hode insulating |ayer at a portion of the |ead portion

corresgonding {® tipQ 'E:Efméi@(q‘ RErélagd 9fi rhahep! ixﬁlﬁaé‘sﬁda%b{&@ Jea48" for20 58.
The nethod of claim49, further conprising the step of formng a cathode

| ead bet we@RAnkbi§nsOkhRCI@llct@¥eNaydrsh vAle 6hid h@tByder BterfhPCtdrafianl, 25
59. A method of manufacturing a solid electrolytic capacitor, conprising

the steps wkpegtiwly.ding a plurality of valve netal foils i ncl udi ng val ve
net al PCT/ JP02/ 10927

19. The capacitor of claim 18, wherein said cathode leads comprise one

10 of aluminum and metal other than valve metals.

20. The capacitor of claim 11, wherein said solid electrolyte layers

comprise conductive polymer.

15 21. A capacitor comprising:
a stacked body including a plurality of capacitor elements stacked,
said plurality of capacitor elements respectively including
valve metal foils having valve metal porous bod'ies and
lead portions, respectively,
20 dielectric layers provided on said valve metal porous
bodies, respectively, and
first solid electrolyte layers provided on said dielectric
layers, respectively;
a collector layer provided over said stacked body;
25 anode leads connected to said lead portions, respectively;
a housing for accommodating said stacked body, said collector

layer, and said anode leads, and for having respective ends of said anode



28 porous bodies and | ead portions, respectively; formng a plurality of
capacitor elenents, conprising the sub steps of 5 bodies, respectively,
respectively, and | ayers ,respectively; formng dielectric |ayers on the
val ve netpdTppomusmeizorm ng solid electrolyte layers on the dielectric

| ayers, formng collector layers on the solid electrolyte 10 form ng a
stacked body including the plurality of the capacitor el enents stacked,

connect i nade | s to the | ead rtions, respectively; formng a

housi ng ﬁ%?agc‘?% ?Tnn@ SPﬁgacgt%gSﬁée)O ’body, and for having respective ends
of the anode | eadsg_e d f. olSiNg: 1 an
anode ext er nal teraﬁ‘i ﬁgﬁagv%’;{eg ﬁ]‘éﬁh%g{snllﬁ%f @{ﬁ)gi%giokg’egx%%g ngllbu%ﬁ{e%}a?gide

bei ng congggl, . . E [t @ Rdas! s; and formng a
cat hode ext ereggﬁ&?é%&ﬁgﬁ%gégétw{%&ﬂ%%%&ﬂ&e cgtaﬁ’oﬁlgdjm ext er nal

el ectrode bei ng Caueéﬁ%%oekt@rn%?'tegffﬁmmgﬁe%&ed rer TE&IdTRHOMRthPlarfd i M

59, further conprising the step of fTormng an anode-cat hode insul ati ng

layer on (RENEEWike sgidd@ilcefort BSekead portions on which the valve netal
porous bodies are provided. 25 61. The nethod of claimb59, wherein the | ead

portions include anode cathode insulating |ayers thereon, respectively.
PCT/ JP02/ 10927 29 62. The nethod of claim61, wherein the anode-cat hode

m_sulhatihng | aper STy @aphebaest elinesPECFiMbesi dnappkindian |wasn@osdlidns on
Ich the

electrolyte layer provided on said stacked body.

10 23. The capacitor of claim 22, wherein said second solid electrolyte

layer comprises conductive polymer.

24. The capacitor of claim 21, further comprising an anode-cathode
insulating layer provided at said lead portions for insulating between said
15 lead portions and said solid electrolyte layers, and for insulating between

said lead portions and said collector layer.
25. The capacitor of claim 21, wherein said anode leads can be plated.
20 26. The capacitor of claim 21, wherein said anode leads are connected to
sides of said lead portions on which said valve metal porous bodies are

provided, respectively.

27. The capacitor of claim 21, wherein said anode leads comprise one of

25 aluminum and metal other than valve metal.

28. The capacitor of claim 21, wherein said anode external terminal



val ve netal porous bodies are provided. 5 63. The nethod of claim 59,
wherein said step of connecting the anode |eads to the |lead portions is
execut ed before said step of form ng the stacked body. 10 64. The net hod of
cl ai m 59, peohrermionosay d step of formng the solid electrolyte |ayers
conprises the sub-step of formng the gglid electrolyte |ayers by chem cal
pol yneri zation. 65. The nmethod of claim59, wherein said step of form ng
the solid 15 electro%% $gﬁ¥¥ers conprises the sub-step of formng the solid
el ect r ol yFETPAES & BF'R ol ytic polymerization. 66. The method of claim
59, wherein said step of formng the solid electrolyte |ayers conprises the
sub-step of 20 forming the solid electrolyte Iayers by chem cal

pol yirer i 2at | ongh e 85AdiRloids AaBIATSEh&RY Wy Efn e TEHIO Slgha! ™ 0

further conprising for ng a ca ween t he

col | ector e adﬁgi] he cat hode external el ectrode. 68. A nethod of
manuf act ur%)n aS%sSo ﬁ%tgéﬁol ytic capacitor, conprising PCT/ JP02/ 10927

the stgps of: 30 providing a plurality of valve metal foils including valve
nmetal porous bodies and |ead portions, respectively; formng a plurality of

capaci tor el engNtBhe icAphidhNGf hfin® ¥, %@ﬂlﬁr%&ﬁpﬁ@f A%ath68€984d Cfof ayers
on the val ve netal porous bodies, respectlvely and formng first solid

el ectrol yeenhaxehs sail éd’ll%cﬁbxeﬂa?éi' kwHifh baddedathode sREGaY Bdrmink® formng a
stacked body including the plurality of the capacitor
31. The capacitor of claim 30, wherein said cathode lead comprises one

10 of aluminum and metal other than valve metal.

32. The capacitor of claim 21, wherein said first solid electrolyte layers

comprise conductive polymer.

15 33. A capacitor comprising:
a stacked body including a plurality of capacitor elements stacked,
said plurality of capacitor elements respectively including
valve metal foils including valve metal porous bodies
and lead portions, respectively, and
20 dielectric layers provided on said valve metal porous
bodies, respectively;
a solid electrolyte layer provided on said stacked body;
a collector layer provided on said solid electrolyte layer;
anode leads connected to said lead portions, respectively;
25 a housing for accommodating said stacked body, said collector
layer, and said anode leads, and for having respective ends of said anode

leads exposed from a surface thereof;



el ements stacked; formng a collector |ayer over the stacked body;
connecting anode |leads to the | ead portions, respectively; formng a
housi ng for accommodati ng the stacked body, and for 15 having respective
ends of ther/apesiepdeeads exposed froma surface of the housing; formng an
anode external term nal over the housigag, said anode external electrode
bei ng connected to the respective ends of the anode | eads; and 20 form ng a

bei ng. coupl od to EReABgT %e"%t%%n%ﬁis?l%“%%“%ﬁ“lﬁﬁet AP Bhact o
conpri sing, th te%t\%?chzéap &esa(f&‘taﬁv\glgé%ﬂfsﬁ L3h! ng layer on

respecti ve Si es 0 |ons on e val ve netal porous
bodi es are provid T Of t d rtions

i ncl ude anode &f%@%?ﬁlggg%ﬂ rt e I ns{al%gt Wﬂg‘r %gﬁrfg@%%%ﬁgegﬂa
respecti V&Ju%le(ﬂmﬁrggldn@(méggmqfa ghaim 70 wher ei n the anode-cat hode

i nsul ating ayers are provided On respective sides of the | ead portions on
whi ch g he 5 val ve nmetal porous bodies are provided. 72. The nethod of claim
68, wherein said step of connecting the anode | eads is executed before said
step of form pg, The edpudiey Pdaind B3/ Furthee dRAMASinG afl ahddHEatheider ei n
said step of formng the first solid el ectrol yte layers includes the

sub- st ep @fsulating Ngydhprdvidsd aaaddid leh@lortibyé dot ayarlatiby ledtersenadaid

pol yneri zation. 15 74. The nethod of claim68, wherein said step of formng
t he firstleadlpodtioheandodaitl @olidydectrolptd layes, dind fauinsstamgbetvoran sejdt he
first solid electrolyte |layers by electrolytic polynerization. 20 75. The
met hod of leadgiorti®8s amdesaddreotlactwrdayer. of forming the first solid

el ectrolyte | ayers includes the sub-step of formng the first solid

el ect}®l yte | ayers by chem cal polynerization and el ectrol ytic

pol yneri zation. 25 76. The nethod of claim68, further _ conprising the step
of forming a 8athbasapacitoneldaun 33 ahespinesaidranodpdeadsean he Matadode

external el ectrode.

36. The capacitor of claim 33, wherein said anode leads are connected to
sides of said lead portions on which said valve metal porous bodies are

15  provided.

37. The capacitor of claim 33, wherein said anode leads comprise one of

aluminum and metal other than valve metal.

20 38. The capacitor of claim 33, wherein said anode external terminal

comprises a plated film.

39. The capacitor of claim 33, wherein said cathode external terminal
comprises a plated film.
25
40. The capacitor of claim 33, further comprising a cathode lead for

connecting said collector layer with said cathode external terminal.



PCT/ JP02/ 10927 32 77. The nethod of claim 68, further conprising the step
of form ng a second solid electrolyte |ayer on the stacked body. 5 78. The
nmet hod of claim 77, wherein said step of formng the second solid

el ectr ol ypertl@yenodsicl udes the sub-step of form ng the second solid

el ectrolyte layer by chem cal polynerigation. 10 79. The nethod of claim
77, wherein said step of formng the second solid electrolyte |ayer

i ncl udes the sub-step of formng the second solid electrolyte |ayer by

el ectrolytic polynerization 15 80. The nethod of clain177 wherein said

f f
orming the sadondessrraner aeelam i Vit Byt CH oty ?@}ﬁé?ﬁséﬁﬁsﬁt o
el ectrol y%f u%? R 'Me?&l oi%%r%ﬂia{lh aﬁ@e{ Hl%galof manuf act uring a solid

el ectrolytic capaC|tor ps of formng a plurality of
capaci tor el enents, |nclud|ng t he sub- steps of providing a plurality of
valve netal foils having val ve 25 netal porous bodies and | ead portions,

respectively, 48n r c gha ' p
bodi esg respeéltgl \C/‘Iéﬁé;,d%agltg JPOZ%%%Q%? égﬁ%g%]nsrﬁg@e;\bgpagleg%%g}?gyp%)%cl udi ng

the plur ahbﬁprgfgsbbﬁdﬁ@ﬂ@é:?bwm&l ements stacked; formng a solid
el ectrolyte lIayer on the stacked body; form ng a collector |ayer on the

solid electrolyte layer; 5 connecting anode | eads to the |ead portions,
respectively;

43. The capacitor any one of claims 10, 20, 23, 32, and 42, wherein said
conductive polymer includes polypyrrole or its derivative.
10
44. The capacitor any one of claims 10, 20, 23, 32, and 42, wherein said

conductive polymer includes polythiophene or its derivative.

45. The capacitor any one of claims 10, 20, 23, 32, and 42, wherein said
15 conductive polymer includes compound of polypyrrole or its derivative with

polythiophene or its derivative.

46. The capacitor any one of claims 10, 20, 23, 32, and 42, Whergin said
conductive polymer is formed by chemical polymerization.
20
47. The capacitor any one of claims 10, 20, 23, 32, and 42, wherein said

conductive polymer is formed by electrolytic polymerization.

48. The capacitor any one of claims 10, 20, 23, 32, and 42, wherein said
25 conductive polymer is formed by chemical polymerizations and electrolytic

polymerization.



form ng a housing for accommodating the stacked body, and for having
respective ends of the anode | eads exposed froma surface of the housing;
form ng an anode external term nal over the housing, the anode 10 external
el ect r ode pogi/ymoci@apect ed to the respective ends of the anode | eads; and
formng a cathode external termnal oveg the housing, the cathode external
el ectrode being coupled to the collector layer. 15 82. The nethod of claim

81, further coppr,si he ste f farm n e-cat insul-ating

| ayer on res pe‘icq?megﬁ%aegfe%ﬁant"‘ﬁ%&}lggg Bg%)oaﬁ %ﬁgggﬁﬂ\l/%agﬁﬁﬁﬁg ‘{?gﬁe}léglﬁ)& al
por ous bo%ggt Lo’ ovided. 83. The nethod of claim81, wherein the |ead
portions include anode 20 cat hode insulating |ayers thereon, respectively.

84. The nethod of i@ 83 rei.p.qt ; - j | atj rs are
provi ded on respe |o\%&%§ egmc} I?]ﬁgalli}égdﬁgggﬁpgﬁ%bgﬁ’%m%@g Ijgﬂ\g/aq v% met al
porous bodj&s, aﬁ}g&ﬁy&ged. 25 85. The nmethod of claim81, wherein said

t

step connecting anode | eads is executed before said step of forming the

stackeg body.  PQT4HRA2HIARRLHIE18R: oH R FIIOhah] pbRAID Bbly; wher i n sai d

step of formng the solrd electrolyte layer includes the sub-step of

formng the solid RkrGhEa 6IR d18nteslyhy 152 BrCitle dieleteRE ig@it on. 5 87. The
nmet hod of claim 81, wherein said step of formng the solid electrol yte

| ayer includes thefopfingtacgliRbtordayemfrined dnthdsalikelettiblstte laparer by
el ectrolytic polynerization. 10 88. The nethod of claim81, wherein said

step of form ng themectihgelreahsdd lehd tbaliedeadpbrtims t he sub-step of
formng the solid electrolyte |layer by chem cal polynerization and
forming a housing for accommodating the valve metal porous body,
10 the dielectric layer, the solid electrolyte layer, the collector layer, and the
anode lead, and for having an end of the anode lead exposed from a surface of
the housing; and
forming external electrodes over the housing, the external

electrodes being connected with the end of the anode lead and the collector

15 layer, respectively.

50. The method of claim 49, wherein said step of connecting the anode

lead is executed before said step of forming the dielectric layer.

20 51. The method of claim 49, further comprising the step of

forming an anode-cathode insulating layer on the lead portion.
52. The method of claim 51, wherein said step of forming the anode-
cathode insulating layer is executed before said step of forming the dielectric

25 layer.

53. The method of claim 51, wherein said step of forming the anode-



el ectrolytic polynerization. 15 89. The nethod of claim81, further
conprising the step of form ng a cathode | ead between the collector |ayer
and t he cathode external electrode.
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forming solid electrolyte layers on the dielectric layers,
respectively, and
forming collector layers on the solid electrolyte
layers ,respectively;
10 forming a stacked body including the plurality of the capacitor
elements stacked;
connecting anode leads to the lead portions, respectively;
forming a housing for accommodating the stacked body, and for
having respective ends of the anode leads exposed from a surface of the
15 housing;
forming an anode external terminal over the housing, the anode
external electrode being connected to the respective ends of the anode leads;
and

forming a cathode external terminal over the housing, the cathode

20 external electrode being coupled to the collector layers.

60. The method of claim 59, further comprising the step of
forming an anode-cathode insulating layer on respective sides of
the lead portions on which the valve metal porous bodies are provided.
25
61. The method of claim 59, wherein the lead portions include anode-

cathode insulating layers thereon, respectively.
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65. The method of claim 59, wherein said step of forming the solid
15 electrolyte layers comprises the sub-step of

forming the solid electrolyte layers by electrolytic polymerization.

66. The method of claim 59, wherein said step of forming the solid
electrolyte layers comprises the sub-step of
20 forming the solid electrolyte layers by chemical polymerization

and electrolytic polymerization.

67. The method of claim 59, further comprising the step of
forming a cathode lead between each of the collector layers and

25 the cathode external electrode.

68. A method of manufacturing a solid electrolytic capacitor, comprising
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elements stacked;
forming a collector layer over the stacked body;
connecting anode leads to the lead portions, respectively;
forming a housing for accommodating the stacked body, and for
15 having respective ends of the anode leads exposed from a surface of the
housing;
forming an anode external terminal over the housing, said anode
external electrode being connected to the respective ends of the anode leads;
and

20 forming a cathode external terminal over the housing, the cathode

external electrode being coupled to the collector layer.
69. The method of claim 68, further comprising the step of
forming an anode-cathode insulating layer on respective sides of

25 the lead portions on which the valve metal porous bodies are provided.

70. The method of claim 68, wherein the lead portions include anode-
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electrolyte layers includes the sub-step of
forming the first solid electrolyte layers by chemical

polymerization and electrolytic polymerization.

25 76. The method of claim 68, further comprising the step of
forming a cathode lead between the collector layer and the

cathode external electrode.
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polymerization.

15 80. The method of claim 77, wherein said step of forming the second
solid electrolyte layer includes the sub-step of
forming the second solid electrolyte layer by chemical

polymerization and electrolytic polymerization.

20 81. A method of manufacturing a solid electrolytic capacitor, comprising
the steps of:
forming a plurality of capacitor elements, including the sub-steps
of
providing a plurality of valve metal foils having valve
25 metal porous bodies and lead portions, respectively, and
forming dielectric layers on the valve metal porous

bodies, respectively;



109/$& () - Y'SHI0W/S$E ()- sy 109%/$& ()- 109%/$& ()- ~109%/$& ()- S& [:vu410
f5f #109/$&' () - S310%W/$& ()- 3/ 10%/$& ()- s-10%/3& ()- +10%W/$& () -

) 10%/$&' () - 86789HKVUA10 s, 10%CS&' () - S10%CS& () - fL0%UCH& () -

Y 109%C$E BT/ IBYSIMS10VS 3Y710%/$& ()-5 s|[:vUA10 SHI0UCSE ()- 10%CH& () -
109 & ()- S931096C3& ()- Y , 109%C$& () -g5f 109C$E () - s Yq|[ vU410  &10%CS& () -
Y'm 10%C$& () - 3S & 10%C$& () - smOUCS& () - 3F10%C$&

“Tovesar (). +1oMCREIRE siodiedk o)t yathiipe. T sttty SO Sisioss 0-

SS10903$& 3YMLO9®$& () - 10C$10C$10CH 910%C$& () -F K| [ vUA10 &1090$& () -
Fs! 1000$ 1% ‘%Wg@%%ﬁ) 1090$&' ()- f& #109%0%$&' ()- F nlo%o$& () K T|[:vU410

I T T I E—,
QA0SE 0 13 ARE (bR VR, e i ) 00100m10

3F1090$& ()- S&
100038 ()310‘Vg]$<%c&(§)%n(1%w o lge% B bhde ‘%%‘{ 1%‘“%)1’93 d&ig; () -PIL:vUalo

10%)$&( - P15 sa
8 ] T i e i s, o -

Y11090$& ﬁ&vmgﬂ'@s%%@ﬁ&a (s 68 MROSE ddk- 1aHRYOBodet- Zloyd 4l Quifatl%BfSthd ) -
, S109% $&' () 0% $& () - 100$100$100$ Y910%0$& ()- 7

1099$& () hé@dihp: VU410 S10%$& ()- “!110%$& ()- 109 $& ()- "s10%$& ()- F
@0% $& ()- SM10% $& ()-UL||[:vU410 &$10% $& ()- F'' 10% $& ()- sS

109 $& () - s10% $&orminglafdahide)extéhiel dn(ihal bivpr thid Ibusiidd, Oeb&n¢de

| 17109 $& ()- 3- 10% $& ()- +#10% $& ()- )10% $& ()- ' 10% $& ()-Z3| } ~vU410
1098%8R' (¥xte@oPEBR0EY betriHe@uBt¢d +d Ohe 103 1%00ive @idpfidie dnode leads;
S510% $& ()-RW[:vW10 3 1098%B& ()- 3@0%YB& ()- 109BYB& ()- y

109898&' (dnrdy10989B&' ()- y1l09B9B& ()-71z|[:vU410 109B39%B& ()- f109BYB& () -
109898& ()- #109898& ()- 109898& ()- F109BIYB&' ()->G [:vU4l0. +#109898& () -
(:1109B93& () - , &foysivgsa eathodemm&eppm@l owTOhsRsRIsIng, the vathode: () -

Wbcde [ NA41010398103981039%8 ° 9910%3%3&( f5 109B98& ()- sS3109B9B& () -
1F1098v3exteynal decimgdgbeing equiled tkhe saleqtondpyery ()- Y "10% $: & () -
LF10% $: & ()- f10% $: & ()- f10% $: & ()- Y 10% $: & ()-[ Ul [: NA41010

F' T#H10% $* & ()- F'T#10%$z& ()- 10% $: & () - #100/63$3& () g#lOO/GS&' ()-

’1’8%(:} gff}(z& ()L%Z ?ﬁifl ﬂii"?g}“ﬁ iﬁﬁg%&l&ﬁéﬁ’ N 55# @é& 0.
! | i 8/%%?&( %) %1 /| [ﬁ_f 3 @qﬁﬁ%@%ﬁ&&% ns&]gggrg&le&er 012 ,rim%cglze sldes ;)f |
e e S IS 20 O

| 1098& ()-10}$10}$10}$  L910% $& ()- F710% $& ()- S3z#10% $& (
110% $& ()-69y9| [: bU410 LNLOYBE ()- yY 1098& ()- yylO%& () - 10%&'()-

F10%& () - f%@" er%:e?l’{%b B 81, WHRE the &riidns W& @rode-
10988 ()- s! T0VB& ()= y, 1098 VWV [ bU410 "L)41098& ()- , &IOY%&E ()- -

9$10%& ( tathode insulating layers thereon respectively.

84. The method of claim 83, wherein the anode-cathode insulating
layers are provided on respective sides of the lead portions on which the
valve metal porous bodies are provided.

25
85. The method of claim 81, wherein said step connecting the anode

leads is executed before said step of forming the stacked body.
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87. The method of claim 81, wherein said step of forming the solid

electrolyte layer includes the sub-step of

forming the solid electrolyte layer by electrolytic polymerization.

10 88. The method of claim 81, wherein said step of forming the solid
electrolyte layer includes the sub-step of
forming the solid electrolyte layer by chemical polymerization and

electrolytic polymerization.

15 89. The method of claim 81, further comprising the step of forming a

cathode lead between the collector layer and the cathode external electrode.



