SCLI D- STATE ELECTROLYTI C CAPACI TOR AND | TS MANUFACTURI NG Ngyvggﬂgﬁg tract:
A capacitor conprises a valve netal foil. equipped with a v $ por ous
~material and |eads, a dielectric over the valve nmetal porous materi al

sol i d- st gi&; 5ﬁé%ﬁd©9 ytic over the dielectric film collector |ayer over the
solid-state ectrolytic layer, an gnode extraction el ectrode connected
to | eads, envel ope which houses the valve netal porous material,
dielectric film solid-state ele é &' yer, collector |ayer, and
anode extraction el ectrode and eﬁ%@g é’?ﬁ%o d face of the anode
extraction el ectrode, an external anode el ectrode provi ded above the

envel ope connected to the end face of the anode extraction el ectrode and

t I . . . : . ‘ .
ex e.r na Solid Electrolytic Capacitor and Method of Manufacturing the Capacitor
5 TECHNICAL FIELD
The present invention relates to a solid electrolytic -capacitor and a
method of manufacturing the capacitor.
'BACKGROUND ART
10 Electronic equipment, such as a personal digital assietant, is recently

required to be smaller and to have a lﬂigh performance, and it has been -

accordingly demarrded that electronic components have high performance n

_ismall bodies. A sol1d electrolytrc capac1tor placed in a secondary srde of a
- "'power cn‘cmt 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 1mpr0vernents in a solid electrolyte layer, and-the
20 .structure ofa capacltor element have been carrled out. ‘ |

.- Fig. 16 i is.a sectronal view of a conventmnal sohd electrolytrc capacﬂ:or

- Dielectric layer 41is formed of foil ox smtered material 2 made of valve. metal

- such as tantalum, aluminum, and niobium, by anodrzatron. Sohd

_ elect'rolyte layer 5 form'e_d of oxide of transition metal, such as Mn, is formed
25 on the surface of dielectric layer 4. Collector layer G'is formed on the .

 surface of solid electrolyte layer 5. A,node lead frame 8 is connected with

- lead portion 1 of- an anode, wl_]ile cathode lead frame 9 is connected with



cat hode el ectrode provi ded above the envel ope connected to Sherﬁ Ih ctor
| ayer. The solid-state electrolytic capacitor is increase 4P 09119

and shows a | ow equi val ent series resistance and a | ow equi val ent series
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El ectrol ytic Capacitor and Met hod of Magufacturing the Capacitor 5
TECHNI CAL FI ELD The present invention relates to a solid electrolytic
capaci t or aithcpor Blfedgof %‘lﬁgn&[ Gtk ﬁgc&dgge&%ﬂ?ﬁlﬁﬁsin§%‘§ﬁ?whﬁ% 10

El ectroni ¢ equi pnent, suc S personal digital assistant, is recently

required tonhe R 8PP dnHCaltRYEe Rodil S#ArReY BOsgRAce, and it has been
accordi ngly demanded that el ectronic conponents have hi gh performance in

itance

smal | bodies. ;5@ ifclalinet rheyidatl feARaEH 1 chheafibridl solikadecaslytii de of
a power circuit, or close to a central processing-unit (CPU) of a personal

" capacitor hardly includes a large volume of the anode for a large capacitance

5 and hardly has a small ESR and a small ESL.

SUMMARY OF THE INVENTION

In accordance with the first aspect of the present iﬁvention, there is

provided a capacitor comprising: a valve metal foil including a valve metal poroﬁs

10 body and a lead portion; a dielectric layer provided on said valve metal porous

' body; a solid electrolyte layer on said dielectric layer; a collector layer on said

solid electrolyte layer; an anode lead connected to said lead portion; a housing for

accommodating said valve metal porous body, said dielecﬁ‘ic layer, said sohd

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

- 15 provided over said housing and connected with said end of said anode lead; and a

cathode external .terrninal- provided over said housing and coupled with said
collector layer.

7 In accordance with the second aspect of the present invéntion, there is

provided a capacitor comprising: a stacked body including a plurality of capacitor

50 _' elements stacked, said plurality of capacitor elements resﬁectively including valve

. metals foil including valve metal porous bodies and lead portions, respectively,

' . dielectric layers providéd-_ on said valve metal porous bodies, respectively, solid

. electrolyte layers provided on said diclectric layers, fespectively,_ and collector

layers provided on said solid electrolyte layers, respectively; anode leads

,éonnected to said lead portions, respectively; a housing for accommodating said

25‘ stacked body and said anode leads, and for having respective ends of said anode

- leads exposed from a surface thereof; an anode external terminal provided over

said housing and connected with said respective ends of said anode leads; and a

cathode e.ktemal ‘terminal provided over said housing and coupled with said




15 conputer is required to have a |large capacitance in a I% r@r %I e .and
a |lower equivalent series resistance (ESR) as well as a | P &7@ al ent

series inductance (ESL). To reply to the requirenent, various studies,
such as surface condition of the anode, a nethod of formng dielectric

| ayer, devel opnent of and inprovenents in a solid electrol yte | ayer, and
-the 20 stalkectovissenf a capacitor el ement have been carried out. Fig. 16 is
a sectional view of a conventional solid electrolytic capacitor. Dielectric
layer 4 is fornBdagrrdasee withsihst diwl asngckof atheopresend iventignyethamst 8, such

as tantal | ym - i obium b nmodi zati on. Sol | ctrolyte

20 LNt ) U Al A AL o R AR 201 A S Bl SRR,
the surfacgeméntdisebRead shiel plavdity 8¢ cRicliecéiemeh@%eipliibayfinsiiBidganntehe
surface of solid electrolyte layer 5. Anode |lead frane § is connected with

1 ead portimaiall fofs Aaviagodye vihelkk portusobladitse add fleadpotions, cospeetdtadyl wit h
17 April 2006 PCT/JP02/10927 9 collector |ayer 6...The capacitor .is covered
i th housi HESPEGIRYER DlgVHiokon s elvFaRteImate Bt Fee ot Aed THY ane. 9
exposed. SaRIdAGIHE AR PR VIR0 5AF%eledE | / ?Q&?g@ﬂ?@él SPbbitecior

el ectrolytic capacitor hardly includes a large volu of ¥’he anode for a

| ar ge capdeydrapeeideddohar dhiyl biaskal dodl] abSR demdisacamktedESL .saildUMUARY OF

THE 1 NVENTI ON | n accor.dance with the first aspect of  the present invention,
there is R¥FEUSIEEPLCLEP R BPUSBEPT SoRIMPdplry saiksickeditiodyngtiddi ng a
val ve .net 6901198510%2 A An 88y eﬂ%‘a q‘@ald@?ﬂuff?ﬁ%hﬁi?f s %'cﬁb@%ﬁcfs' daf¥ §lodar ovi ded
on said valve net F por ous ogy, a solid'e egtr(ﬂy e layer ‘on sal

di el ectri deddaysposed frohl £ctifficd Hyeeofdan Sdbde es@irhd tehphl plovided ayer; an
anode | ead connected to said | ead portion; a housing for accommodati ng
sai d val véarehaisingopseonssaied wikh gaidi ieprastive enfispé satdsasiode deadsgand a

ﬁgsi(:thg ngtcgtrllll?aoféxtergaali ger?rl(i)rllfheﬁlxo%dédaggerr’ s'eﬁgdhc?uas%n% ane d(?oulp?e%d Wit%ngaizlor
collector layer.

In accordance with the fourth aspect of the present invention, there is
provided 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 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,
respectivéiy; a housing for accommodating said stacked body, said collector layer,
and said anodell_éads, and for having respective ends of said anode leads exposed
from a surface thereof; an anode external terminal provided over said housing and

connected with said respective ends of said anode leads; and a cathode external

terminal provided over said housing and coupled with said collectof layer.

The capacitor may have a large capacitance, a small ESR, and a small ESL.
BRIEF DESCRIPTION OF THE DRAWINGS
. .-: Fig. 1'is a sectional jview éf a So‘li-d electrolytie _Capacitbx: iﬁ acqqrdanée o

- with exemplary embodiment 1 of the present inirention.




said anode | ead exposed froma surface thereof; an anode eébﬁggﬁlohﬁrninal
15 provi ded over said housing and connected with said end F%3%ode

| ead; and a 20 cat hode external term nal provided over said housing and
coupled with said collector layer. In accordance with the second aspect of
the present invention, there is provi%@d a capacitor conprising: a stacked
body including a plurality of capacitor elenents stacked, said plurality
of - capacitor elenents respectively including valve netals foil including
val ve netal porous bodies and | ead portions, respectively, dielectric

| ayers provi dedign2daiadseckiorml mi¢wlof posalits elotliobgtic casmitiri inedatordaided

el ectrolyte | ayers provided on said dielectric |ayers, respectively, and
col | ect or Witlyexemplogi elobodimeni. 2 of thée thveln¢iotr ol yte | ayers, respectively;
anode | eads connected to said |l ead portions, respectively; a housing for
accommodat i ng §38d3 28 acsadiivtel axewofial salst efentolytioeimeitoniaracsardhdveusi ng
and coupled wth said stacked body and said anode | eads, and for having
respectiVé“@éggm@$P§HW6ﬂah@@@ﬂen ¢t thacpysadionr om a surface thereof; an
anode external _ferm.nnal provided over said housing and connected with said
respective ends1&f4dapgsashional viaw of aslidelegtrabitia caxpeor anasicortanee

| ayers. I n accordance with the third aspect of the present invention, there
-is provided a capacitor conprising: a stacked body including a plurality
of capacitor elenents stacked, said plurality of capacitor elenents ‘

..respectively including valve netal foils having valve netal porous bodies -

~and | ead portions, respectively, dielectric |ayers provided on said valve
nmetal porous bodies, respectively, and first solid electrolyte |ayers
provi ded on said dielectric |ayers, respectively; a collector |ayer

provi ded over said stacked body; anode |eads connected to said | ead
portions, respectively; a housing for accommpbdati ng said stacked body, said
coll ector layer, and said anode | eads, and for having respective ends of
sai d anode




- 2006 2b Fig. 2pis @ $6£C4 1 &dlonvl eWe®f of 9@ idhodecof r they/tdapaepaCiof Othd N

| eads exposed froma surface thereof; an anode external tergif{nal h vi ded’
over said housing and connected with said respective ends s @&l‘z@ ‘gnode

| eads; and a cathode external term nal provided over said housing and
coupl ed wWpRrgphsl1gde9! | ector layer. In accordance with the fourth aspect of
the present invention, there is providgd a capacitor conprising: a stacked
body including a plurality of capacitor elenents stacked, said plurality

of  capacitor,,elepents re tively .including valve netal foils including
val ve net a‘i‘”%‘oﬁ"rﬁgg‘illﬁ‘b%}‘rte‘gggﬁ}?']l“é'ﬁét‘ﬁarti ons, respectively, and dielectric

| ayers provided.on said yval ve met or oys di e respegij.vely: a solid
electrolyte | aﬁbﬁ? (?\ﬁe&glan ﬁ@&f ‘?%@3&‘?@8 oggla%,sc?lgd E%CFréﬁY%? cﬁé%&nb?igvi ded
on said S |id EI&CH I ytfghl ag%er' .anode | eads connected to said | ead
portions, HeIPBRUAY PGP Yor acconmodati ng sai'd stacked body,

i d collectoraver.. -apd.said anpde. | - andaf 6L AL Jective el
said coll eoLor b AYEL RS T REE TR b o et ve' ends
termnal provi fied oner  SallfolS) BANG. n£00ALE S duisRbtle! espect | ve

. (8) .
ends of” said an , and a cat hode ernal  termnal provided over:

sai d housing ap¢l, caupl ed w [ I or e SiokrObf A have
a large capaci Fg%cg @% %n%%cﬁﬁﬁéﬁ,ﬁgﬁg dafe s%t’r%aﬁdo%_?’fsﬁ%fé@s!m PTI ON OF THE
DRAW NGS , ¢ fh8dimdntsS @ sectional view of a solid electrolytic capacitor -in

accordance w th exenplary enbodinent | of the present invention. 17 April

accordance wth exenplary enbodinent.2 of the invention. Fig. 3 is a
sectional ¥nBwdihedssol id electrolytic capacitor i-n accordance wth .
exenpl ary enbodi nent 3 of the invention. Fig. 4 is a sectional view of a’
solid g ectrol ¥ig.c 10ajpaci tsettibnalaadewdaficen landdy idf 2R 6edpEoithR0df 141827
w th enbodi nent 4 of the invention. .

embodiments. :

Fig. 11 is a sectional view of an anode of the capacitor of the
_embodiments. _ ,
.~ Fig. 12'is a sectional view of an anode of the’ capacitoi of the
- 15 embodiments. .

Fig. 13 is a sectional view-of a solid electrolytic capacitor in accordance

*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 -'examp_le of a solid
“electrolytic capacitor. '

Fig. 16 is a sectional view of a conventional solid eIeci;rOlYtic'.capacitor.

DESCRIPTION OF THE PREFERRED EMBODIMENT
25 (Exemplary Embodiment 1) |
Fig. 11is a sectional view of a solid electrolytic capacitor in accordance

.- with exemplary embodiment 71  of the present in_ventibn. The capacitor



Fig. 5is a sectional view of an anode of the solid electraolyfi acitor
of the enbodinents of the invention. Fig. 6 is a sectional Vi‘é%ﬁ&ﬁaghe
capacitor of the "enbodinents. 5 Fig. 7 is. a sectional view of the

capaci t or BCTURe2/e0durdi nents. Fig. 8 is a sectional view of an anode of the
capacitor of the enbodinents. Fig. 9 ig a sectional view of an anode of
the capacitor of the enbodinents: 10 Fig. 10 is a sectional view of an
anode of t RAE ' i ' bS i Lew of
an anode opﬁtlﬁe ca&ggl&%éo%%lgcpﬁ% %’g‘ygelggogi ngz]l? g&%?é#1%Za?g%gg‘glggﬁl%](}%§%§vi ew.

of an anodggqgfy E?z%tﬁ@il?}? iﬁﬁﬂaﬁh% yw_elaﬁ AP2HLABRLTL: cathbode t@)%fe%smﬁ‘i% F}he

sectional view of a sol'id elect tic capacitor In accordance |

exenpl ary enb@dhARRhtiodf frbMeshdPtRMREbd. FiTg Fik? 1, poPodEBbdPNalis Yorgepf  a
solid electrolytic capacitor in accordance :w th exenplary enbodiment 6 of
the invent bRmotR Qiddshof 31 115 adSRulAAAE 1My & 9fis BhasTeanhal ionehsthadinbe of a
solid electrolytic capacitor. Fig. 16 is a sectional view of -a conventional
sol i d ed.echf iyii.c Epachs body DEISROMREOYn@nel §ide RREGERREDn ENBGRINEN: 25
(Exenpl ary Embodinment 1) Fig. 1 is a sectional view of a solid electrolytic
capaci t or. 1Bns-fapfeddanthe Waile eidiphiy.y Risbadricelayet Df it Hermedsenthe
‘invention. The capacitor 17 April 2006 PCT/JP02/ 10927 4 includes valve

met al  f oi | sddface alf viporoas dbodyorl@ubybadyditatioand Liaysorl adi npyt hgeformed of

;

+: organic dielectric by an electro-deposition process. Solid electrolyte layer 15
is formed on the surface of dielectric layer 14 by chemical polymerization
- 10 and/or electrolytic polymerization.. Solid electrolyte layer 15 is made of
conductive polymer, such as polypyrrole, polythiophene, and a derivative of
each polymer. The conductive polymer forming solid electrolyte layer 15,
éince having a small resistibility, al}owg the_sp]id elect_roljtic_ capacitpr to-
hdve a small 'éq‘uivédeht ‘ser‘ie's'res‘i'sta-nce (ES'R);. " Solid"‘éleétrﬁlg?te'lé?éf 15
15 may be formed of manganese dioxide, which is generally used for the layer.
In this case, layér 15 may be obtained by applying manganese nitrate to the
- surface of dielectric layer 14 and then performing heat decomposition to the

- . surface.

| Polyi)yrrole and its derivative can be formed easily into a film having a
-20- - uniform thickness, thus providung._;l solid electrolytic layer having a uniform
thickness. | As_é result,,_"a._.'capa'tcitqn éle,ﬁnent’ ﬁa'n_b,e ,easirly accommodated in
- the solid electrolytic capacitor. |
Polythiophene and its derivative can be formed w‘asi'.ly into-_ a solid
" electrolyte l_ayer;having a large heat resistance, thus providing a capacitor
25 haviﬁg a large heat resistance. |
_Collector layer 16 made Qf carbon and conductive paste IS formed on the

- .surface of solid _electrolyte layer 15. Housing resin 17 .is formed of




13 for electrically insulating between the anode and catho %ojggﬁgent t he
.anode and cathode fromshort-circuited. In Fig. 1, porous S
formed on both sides of foil 11, and insulating layer 13 is thus formed on
bot h si deperhprod/ibetd 11. 1 f porous body 12 is fornmed on one side of foi

11, insulating layer 13 is formed on tHe sane side only. Dielectric |ayer
14 is formed on the surface of porous body 12 by anodi zati on. Layer 14 may

ol cct 1 o yUE el et AR ehanY o B S Rpb G SRR, HARE RIS b ]

chem cal ?OSI¥ rézat ion 10 and/or eI ectrolytic polynerization.. Solid
el ectrolyte Tayer' 15 is made of conductive polyner such as polypyrrole

pol yt hi ophenemangd, & %{‘}ev?g%,\é?elg{?m?&pggggﬁmél ggﬁgﬁ AP LY mer

form ng solldeectro avmgasrra resistibility,

al | ows' 1 hg, 1%@5&%&@2% nay¥t s BABAKIIRATof! the vARNE n@e@mclmﬁg%a@l fRhgser ies

resi stance ectro yte layer 15 15 may be formed of manganese

di oxi dg, wWhheing Sﬁg@n%n&l ¥leBely O capeitddy &b have i rg@Seapdcita@ice 15 may
be obtai ned by. applyi ng nanganese nitrate to the surface of dielectric

| ayer 14 gfibiddy@p perform ng heat deconposition to-the surface.

Pol ypyrrole and 1ts derivative can be forned easily into a filmhaving a -
20, uni form t Milekeasductive popipyt deifigrmed aondintioesty onythe siefges ofiahbng a
uni form thickness. As.a result,. a: capacitor elenent can be easily .
accommodatigdedtiic. lagdre Igoldlecteblgticr polstmerieatian] ttdrus Pabyidmgpthensocbdd its
derivative can be formed wasily into a solid electrolyte layer having a

| ar ge heatlectsilytedayer hialvisg finevimiined sextae cindoa highlyrpratecfiee ¢aatie. heat
resi stance. Collector layer 16 nmade of carbon and conductive_paste_is

~ f or netb onThiee solidr électroliftes dayet éhtiorately tasntastsr tha scollastayi fayeredhis17 is
formed of 17 April 2006 PCT/JP02/10927 thernoset resin, _such as epoxy, or
t her mopl astlpwingthe splidiehectzolvaicpapaedor te biave #nymall ESR.

Anode lead 18 made of aluminum or metal otber than valve metal is
. {electrlcally connected with f01l 11 of valve metal -Anode: external terminal .
. .19 is electncally connected with anode lead 18. Alead portlon 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
R : thrOu’gh 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-ont 18 made of the 'aforementioned matérial—- prevents anode lead 18a: -
from rna'-ving a strong oxide film having a -1ar§e resistance formed on 'the_: :
surface of the lead 18a, thus nllowing anode lead 18‘t0=b'¢ easily connected
with anode external terminal 19. |
Next, a method of manufacturing the capacitor of embodiment 1 will be
25 described. - | '
| Fig. b is a sectional view of the anode of the capacitor including valve

_metal foil 11 and valve metal pdrous'body 12. Porous body 12 may be




The conductive pol ymer formed by chenical pol ymerization fo hiﬁ{? solid’
el ectrolyte layer in fine holes of the valve netal porous b prik 406 g
allowing the solid electrolytic capacitor to have a | arge capaC| tance

- effici ent IBCT/The2/omzduct i ve pol yner is formed continuously on the surface

of the dielectrics |ayer by electrolytgc polynerization, thus providing
the solid electrolyte layer having fine-grained texture and a

cContatt 5 CRerEd e EPRFhEnife Rl il BNEEL AN oo UG oM ETbF the

capaci tor j1g. have a small ESR Anode | ead 18 made of alum numor netal
“other than valve netal is electrically connected with foil 11 of valve

metal . Anode exierflals Sikdvh 14! Fig. 369drﬁ)delc%%dé:e&élﬂaﬁagqe%ledsvmhbe«’efode
| ead 18. A l.ead portion nade of valve netal 1s-easily oxidized at .

t he -out sj, %c@;ﬁr Bﬂi&%h%sh?séxnt]ie? hk'EO 1§\f@frﬁedtéietﬂexle@ﬂz 1t of fiee l9idde :
portion is connected to anode external termnal 19 through anode |ead 18.

Cat hodg exdfficiealtlyi By Breah- ﬁQntlﬁFeheﬁigra dadpense€ dyaehtidgtor thellilect or | ayer
16. Both anode external term nal 19 and cathode external term nal 20 may

be forned by platifgsovalvbantidieorénededOld tafbraidd 38 botkleidds éfhealve

af orenenti oned material prevents anode |lead 18a from having a, strong

oxi de fi| nmbtalifod 1, hadgmader@shsdamcenlbtingddyenl$ hmaccsmdhmlpﬁncﬁnedlenl ead
18a, thus allow ng anode | ead 18 to be easily connected w th anode

ext er nal thethi sides 1d. folleX1., H petcvsdbody f@nis fomed oy ome sedpat ifoidrliof
enbodi nent 1 wll be 25 descrl bed. Fig. 5is a sectional view of the anode
of the capasniading tasiendidng formned omBreasamesidelanlind val ve netal porous body
12. Porous body 12 may be 17 Apri| 2006 PCT/JPQ2/10927 6 forned b
screeddprinti ném@aepaﬁemgwwbe donmed afgrdaelenralaygr 1dvis dogme PRe.

after solid electrolyte layer 15 is formed. - In the latter case, insulating layer
13 formed after dielectric layer 14 and solid electrelyte-la.yer 15 are removed
' 'fl:om the lead portlon at which 1nsulat1ng layer 13 is supposed to be formed
cain’ further prevents the - short-c1rcu1t1ng If bemg formed after. the'
15, dielectric layer, insulating layer 13 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 ,‘dielectric layer 14 is formed on the surface of
20 valve metal porous body 12 .by anodization_ or electro-deposition process:
-+ using organic dielectric.._ The anodization provides. a Ijolar;i_zed;-..;solid o
: -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 layex- 14 by chemical polymemzatmn electrolytic polymerization, or

- .+ heat decomposmon of manganese nitrate.




Next, as shown in Fig. 6, anode-cathode insulating |layer 13 nade of

:epoxy, silicon resin, or the like, is forned at the | ead ﬂgﬁﬂﬂ8@08§.the
anode efficiently by screen-printing, usi,ng a dispenser, dye coating or the
like. In Fig. 6, valve netal porous body 12 is fornmed on both sides of

valve netal fa 11, and.anode-cathode insulating |ayer 13 is accordingly
formed on -:both'%i fRemasals golymerizatigmor allewsodihe 1 thicknes mefl tire omdicsi de

of foil 11,5 insulating lagyer 13 is fornmed on the sane side only. 10

| nsul ati ng %%@yjaesf%eif fﬁ% BreRoxtignat fo ansimmeunt of apyked electricity foetheor
after soli | ect.rol.yte Layer 15 is formed. In the latter case, insulating
layer 13 P R . sialiowingithedhidmase ofithetlapty toché aymily 15
are renove mt,xr mdth | ead rtion at which insulating layer13 is supposed
to be forme é’gﬁ fu%tshae?fe i Rolyerizadian ean provideg the solidieleptfayed.

after the iebectric,layer, insulating layer 13 can be fornmed of

mat er i aP._ \%ﬁéﬁy %h 5 aﬁ%g‘?‘ lafiongs git qﬁesﬁﬁ@lﬂi@t@hﬁﬁib@wlayer. Thi s
expands a el ecty range  of. the terial,  .ther i ncreasin roductivit
of IOa solid el eggér%%r ??iq}gm ﬁ%ﬁﬁog?wﬁi%%?r A%Y@ﬁgﬁ fwm@pnw%egw@fwmfc y
| ayer 14 i gnf:@r f rf.ace of 0 valye netal porous body 12 by
anodi zat i O%o%? ei e’é@%ggﬁ%‘gﬂt | Wrﬂbrc&’f QR -anqg, py Qﬁﬁ%ﬂ:ﬁa&t@ﬁ@ﬂ@&‘bﬁ to aThe

anodi zat i Oeoﬁéﬁt'i(mlﬁoegééﬂi zed. solid,. electrolytic capacitor, while. the
el ectro-deposition process provides a non- polarized solid electrolyte '

capaci tor. Nex a ke LJ108 [ l.ectral yte = | ayer. 15 npde of
the 25 cOnducNe\fg' %3%9&%%@%@%8&@8@%&‘?&@ ’%158‘? MW@TS‘?}? ce of
di el ec10i cotlayrahahdrdls ' I i . el rolyvtjc

pol ynmeri zati on, or hgg?ﬁ g@?ﬁ%%@#%?%ﬁao%gﬁaﬁggﬁgsome#’Y.(Le.' fqimﬂ?r]ﬂ"dZOOG

7 The chel8eady beformBed béfdrerdigldopite 1hyer 10ickpgasy of the solid
el ectroliyte |l ayer to be proportional to an anount of applied electricity

for the| cheni cHexfclsydRivZ # T8, 11,'Msudthl LR 7 Rt e TS or e (i e

to be easi Ify to expose an en
o anode lead 18 and a part of collector layer 16. Housing resin 17 is made of

)

thermoset resin, such as epoxy, or a thermoplastic resin having a large heat

16.  resistance.
Next, as shown in Fig. 12, anode external terminal 19 and cathode
B l-external terminal 20 are férmed by eIectropIatiné or the like.-
The proc_ess. above provides the solid electrolytic capacitor ha‘v:;mg good
- electrical characteristics.
20 ‘
N _(Ex_emplalﬁi Embodiment 2) = =
‘Fig. 2 is a sectional view of a soﬁd electrolytic capa;citor in accordance
_ Wlth gxempléry embodiment 2 of the'présent invention. Tﬁe capacitor of
| the embodiment is differentiated from the capacitor of embodiment 1 shown
%5 . inFig. 1in cathode lead 21.
| Cathodg lead 21 electrically connects collector layer 16 with cathode
| '}e:i_'ctemal termirnial 20. Cathode lead 21 is made of material of anode lead 18,




controlled. Asa result; the polynerization can provides the soli
electrolyte layer with a small variations of tﬁe t hi ckness”f“}%%gg@ch to
batch. Next, as shown in Fig. 9, collector.layer 16 is forned on the
surface ofpcﬁﬁl,dzglm@b@ctrol yte layer 15 with carbon and conducti ve-paste
simlarly to a conventional process. Negxt, as shown in Fig. 10, anode |ead
18 made of alum numor netal 10 other than valve netal is formed at a |ead
portion of, thel be .for,me before |elec |c Iayer

2§51 or e AINGRBUTh Y SISARONFTIGR VI HEEAk nrdeiariarm
?éﬁ?ﬁel?”iaé{h‘iﬁa&oﬁ”gx?ﬁehﬁﬁgamv%@dﬁ cBicke ﬁfgovéwbis“itnﬁqlt%ﬁ Fishre 125 ??L”g
xtornal (B AP G ARRY SHPRUETR PraRRGS Eﬁmﬁm‘iﬁc uaséh“%@lp%a anode
ol et rolyi @@gﬁé&?@%%ﬁﬂ%%gﬁﬁsiﬁﬁ? e Saih g o |
et oor f‘éa%%ﬁg A o afécéngﬂﬁdanﬁn?%ﬂ By MR ol o1t €

I nventi on. r t he enbodi nment is differentiated fromthe -
capaci tor ﬁ@&%%g%&ﬁ shown 25 in Fig.1 in cathode | ead 21. Cathode

| ead 21 el ect rq (I
term nal 20. CTa¥i oééa eadggﬁﬁ? gﬂnl%)gg&lgfﬁt %%%ﬁug&tﬁéd]aﬁg e&@%?g@%@ﬁv%? Apri l

2006 PCT/ JROR{:1898 Fi8. 9iof @mbcdli¥nR UM Al thBA &l LpRREsd bRfdriahy @atiid -
Anode external terminal 19 and cat hode external termnal 20 can be

produced Slegaldjaneously at the sane step, thereby sinplifying processes.
of manufacturing the capacitor.
10 i Cathode lead 21 may be formed at any stage after collector layer 16 is .

- formed and before housing resin 17 1s formed.

: \,(Exemplary Embodlment 3) ' | |
“Fig. 3 isa sectmnal view of a solid electrolytm capacﬂ:or 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
encbodjment‘ 1 in including stacked capacitor ‘elements. The stacked
--capacitor elements provide the sohd electrolytic capacitor with a large
capacitance. = Additionally, a parallel connection of the capacitor elements
20 decreases an equivalent serious resisi;ance- (ESR). _ |
o Thc ‘capacitor -of .tlc_e 'einibodinie’nt includes. fhrée_capacitcr e_ieme_nts
_. stacked, but it is not liniited to three. More capacitor elements provide the
“golid electrolytic capacitor with a larger capacitance and a smaﬂer ESR.
« - The Capéc.itor‘of embodiment 2 includes the stacked capacitor elements
25 formed through the process for forming collector layei's.:16, r’espe_ct:ivel.y,';_
- .-shown in Fig. 9 of embodiment 1. |

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




Simlarly to anode 'l ead 18, an end of cathode |ead-out 20 dto
the 5 outside of housing resin 17 and is electrically connﬁ&%@p&ﬁg
cathode external term nal 20. The capacitor of the enbodi ment"

manuf act ur edTipopriogesses shown in Fig. ‘5 to Fig. 9 of enbodi mant 1, and
then by a process of form ng. cathode kead 21. 10 Cathode |ead 21 nmay be
-formed at any .stage after collector Iayer 16 is fornmed and before housing

of a0l h?*&rgé??%f‘gﬁ e b 208 J0n ol ald Bipaffort' =
SI f19e|r gﬁ?lt a?teg‘h?jr g‘fggpam %’a%ﬁ%d?le E%g%%%af! gr1e fo#meeéfnbogl Irrerrﬁ?t 1I ;sn
nl udi ng St ke CARAR Gk PHE TSI Iﬂﬁe Shaekl P As Shemla.

provide the so ron C Capaci or “W capaci tance.

Addi't i onal. M¥is @&@E@ﬁh@%s%%ﬁ@%ér?gg%) btetﬁﬁrﬁﬁﬁaé%isﬁl%r el. enents 20 decr eases

an equi val ent Serious resistance e capaci t he enbodi nent

i ncl udeg, threey HaPRGI! 98 ﬁhg”ﬁ‘é“férméﬁ Fé’tdlb]\ec‘tﬁcrl%/eit'lg‘ fothdd0

three. More capacitor elements provide t rd electrol ytic capacitor

Wi th a | ar geevieapRCidraiag ﬁ{edaﬁo&@%él&rat%h LS gﬁa@ﬁ%ht 26t BhlyrERRdlARNt 2

I ncl udes the stacked capacitor elenents 25 fornmed through the process for

form ng: cokhewkdingd paRESsebSbut akpaediuved Nanagdddrthetalpadito ebdmentpdigent -
1. Then, by the sanme processes as enbodi nent 1, anode lead.18 is fornmed 17

April ZOOGtPGﬂ'éGh%Maleﬂ;ZESSQcaﬁedrﬁﬁlﬁﬁﬁﬁiﬂgetﬂl@&dmﬂ@rltebﬂﬂ Thos Progedseéam 17
is formed, and then, anode external term nal 19 and cat hode external

term nal 26harfrkaereshscAlvgiadhtan of Shametbdstios ofd chphaiter.t he capacitor
el enents, are stacked. This process allows anode |ead 18 to be. forned
easilyl0o - The capacitor of the embodiments includes the anode lead hav:'u:_ng one
-end just exposed to the outside of the housing resin, while the conventional
capacitor includes a lead frame that is bent over a part of the surface of the
housmg The capacitor of the embodiments can. 1ncludes more capa(:ltor
B 'elements stacked than the conventlonal 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 ﬁoxous body ié 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 émbodiment is .differentiafed from the capacitor shown in Fig. 3 of
| embodiment 3 in that the capacitor elements are stacked via solid electrolyte

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




5 Anode | ead 18 may be fornmed before the dielectric |ayer Iﬁhl Qﬁﬁﬁ
Previously form ng the anode | ead at each | ead portion not I|fy
succeedi ng processes, but al so reduces damage to the capacitor el enents due
t o mechani gpal/spés/asercaused in forming the anode | ead. This process can
therefore decrease degradation of charagteristics of a capacitor. 10 The
capacitor of the enbodi nents includes t he anode | ead having one end just

capact tor SREFRte TSPt Pl SAcke] Salanindihune g, FPRER (2Pfiterace of

t he hou5| The I.to e enbodi nents can includes nore capacitor
X el emen‘lg Egad:%leﬁgﬁa{l%er ]l)grlvent i onal capacitor. 15 The val ve netal

Porous body oy Al I°g pRnORS (UL GSuAnk 1R YabYB B! Shblldhent .11 S

case; .the ano i-ng ar-re ‘e | ead

portion th%&%%c%{bg &8]51% lﬁ?&lﬁdllgg fsﬁlégﬁélectlggtt? aﬁyel‘ Il]% SO 5 F1er e%h on

- which the poro ayer Thi's
structyre gid g %&em@%o@éﬁt@memb@ﬁ %gek&gxet hus. 20 providing

the solid |c capacttor wth a. snal npl ary Enbodi nent
4) Fig. 4is a'rﬁeﬁt bﬁﬂﬂérly' \rfrt%agoamﬁ@m q, %bﬁ@éﬁo’i"lﬁ&éﬁ 19PRAEIAd, i dhode

accordance w th exenplary e i ment 4 0f the preSent invention. The

capaci tor Iéfad Rbistfoemeahatiarhnbad %o@txtﬁeheﬂtmtleelﬁ 191k tfhemedpasd tRén,shown

in Fig.- 3 of enbodinent 3 in that the capacitor elenents are stacked via

solid el ecaficdeyégerha)iermiasl 1Thal daﬁhod‘@bi:ﬁ@h@l térayieral PO a2 foomedd on the.
outer surfaces of solid 17 April 2006 PCT/JP02/10927 10 electrolyte |ayers

15 of -a st ackeAnbdeljeddt$ uttiynige fdreesl befisesltloapariditor elememsbse staekkéd vi a
| ayer 15. According to a nethod of manufacturing the capacitor of
- enbodi Yent THis priveessoadbmoirs anodd kzentS to be lfoxinag onodddh devwmtaapily. | ayer 15
formed t hr ough 5 the process shown in F| g. 8 of enbodl ment 1 are stacked.
(Exemplary Embodiment 5)
- Fig. 13 is a sectional V_iew of a solid electrolytic capacitor in aecordance
 with é}teinpletY" embodiment 5 of the 'preeent inverition. :The capacitor of
- 15 embodiment 5. incltzdee second solid electrolyte layer 30-on a solid electrolyte
layer covering the outer surface of a: stacked body including the stacked
elements, while the Capacitol' of embodiment 4 includes capacitor elements
stacked via solid electrolyte lajrers. This structure provides the '.etaeked
l)ody with azlarge mechanical strength.
20 Accordlng toa method of manufacturmg the capacitor of embodunent 5,
: the capacitor- elements are. stacked after’ sol1d electrolyte layer 15 is formed
-through the process shown in Fig. 8 of embodlmentrl, and then,' second solid
- electrolyte layer 30 is formed on the surface of the stacked capacitors.
Then,-similarly to emlaodiment 1, collector layer 16 is formed on the
25 surfaee 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-ere formed.




Then, simlarly to embodinment 1, collector layer 16 is for | ead
18 is forned at each | ead portion, housing resin 17 is forﬂﬁdAP’arr)?g’ﬂghe
‘anode external term nal 19 and cat hode external term nal 20are formed.
Anode ‘| eadPQ®/Jreghesd7or med before the capacitor elenents are stacked. 10
This process all ows anode | ead 18 to beifornmed on each el enent easily.
(Exenplary Enbodinent 5) .Fig. 13 is a secti onal view of a solid

hectrolytie cammabpea hASRANEE bl ISP LR apRbed BRaB 0k e
I | I I I
o ot Yiaduer 30000l bl ssb1Shude 1 651 GONEN AT R

capaci tor @fgqignbodi ment 4 includes capacitor elements stacked via solid
el ectrol yte l.dyers. This structure provides the stacked body with a large
mechani cal: strength. 20 According to a net hod of manufacturing the

capaci tor of enbodinent 5 the capacitor el ements are stacked after solid

el ectr of yt @@xediplaryFTinbolpneBe6) t hrough the process shown in Fig. 8 of
embodi ment 1, and then, second Ssolid electrolyte: |layer 30.is forned on

the surface of Fi@elz‘ﬁim lsectiongiodicvosa sdh@lectEdlftit @hpscitér Birhosbri®Rnte 1,
collector layer 16 is formed on the 25 surface of second solid electrolyte

llayer 30, wikidexémplariBenshddimend.6 af thagireséwaithvemtioron, Theoeapagtoresf n 17
id formed, and then, anode external termnal 19 and cat hode external
t er mi nal Zanbnémenhﬁdmdﬁdémmapa@ﬁmﬁeléﬁwtﬁ@ﬂiaﬂzw Frid dieluctde thpadldut 18
may be formed before the capacitor elenents are stacked. This process

al | ows anowbileethp t8pacitte of srmberlisrerdadtshuivemant Figas? lipelugles Bx eaphedey

- Enbodi nent” 6) Fig. 14 is a sectional view of a solid electrolytic capaci t or
in acchl daperiompf padx eapreiter elemantie tagkest vianeollpctarslayer dffentigt. isThe

capaci tor of
- 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
_ _,capacntor elements stacked via layer 14.
| Accordmg toa method of manufacturmg the capac1t0r of embodnnent 6,
15 - the capacitor elements are stacked after dielectric layer 14 is formed at the
process shown in Fig. 7 of embodiment 1. |
. Thén, similarly to embodiment 1, solid electrolyte layer 15 and collector
: ‘layer.lﬁ are formed, anode lead 18 is formed at each lead portion, -I}ou_Sing
resin 17 is fermed and then, anode ---external;:_-terminal '1'9_ and cathode
20 '__extemal termmal 20 are formed. | ‘ 5
| Anode lead 18 may be formed before: the capa01tor 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




~ while. the capaci tor of enbodinment 3 shown in Fig. 3 includ

embodi nent 6 includes capacitor el enents stacked via dielect{ tﬁ%ﬁ '
ode 10

portion of each capacitor elenent is stacked via collector |ayer 16. That
i's, accorgdimgpdgi@abodi nent 6, solid electrolyte layer 15 is forned at

| east on exposed surface of dielectrigglayer 14 of a stacked body
including the capacitor elements stacked via |ayer 14. According to a

2};222% 3 #39@%@: e’ goef*beaﬁ%p%ﬁ% tﬁ"%oq%f ”{“a%%q e PFA0R0O R HfBeco
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| ayer 14 are rocess allows ano ead on
each ekengipt .Gaxe V- 25 (Exarrpl e 1) Exanple 1 of a capaC| tor corresponds to
t he capacitor of errbodl ment 1. Coating material was made of tantalum

powder havi ng Pl AURIRIS b 14Pidabed AAOTE JRABLINARTad 3 ttapbidtbe GFamet er

of 0.2m and a nom nal capacitance of 100, 000CV. Then, the material was

applied i yepeQ)iaglngss Rbs H&@@uhﬁ RS e f &atare 6BRIBG0°QN fDiddewi th-a
t hi ckness of 25mwith, a netal mask having a hole of 5mm by 3mm formed

therein. Tdaghodd hﬁsﬁl&ﬂin@l ek a3 waasfodideddoft siliconangi 4 hendaporiton Thehanode
was -degreased in nitric atnosphere at a tenperature of 400C, and then was
baked i n vamdem afThant edisdsdiier daypdr NA00Cas Aoedeed by 12V-anodization in
10  phosphoric acid solution.
| . Then, solid electrolyte layer 15 made of polythiophene derivative was
formed on laj'er 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 1(_)0|m1 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 éathode

external terminal 20 were formed on each side surface of housing.17 by

20 plating. Then, aging was performed to proy,ide ‘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_embodimgnt 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-employ_ed_ for cathode lead




cathode insulating layer 13 was forned of silicone at a | ead portion of the
anode. Then, dielectric layer 14 was formed by 12V- anodi zath’onrl?0080
phosphoric acid solution. Then, solid electrolyte |layer 15 made of

pol yt hi ophempseerigseti ve was fornmed on | ayer 14 by chem ca

pol ymeri zation. Further, a carbon |ayerjzand a silver paint |ayer were
applied on the surface of layer 15 to formcollector layer 16. . . . . 15

Then, coppgr feil, havi,ng.,a, thi ckngss,of 100 S | ded, . at the.l ead,
portion o%‘heeélﬁ]&%‘ge t%gflo?in gﬁ‘ﬁdﬁoﬂl‘é%éi %.Cgh%\%ﬂ}” V&eﬁgﬁgi 7 CRRABCEYE epoxy
was for rredad?hosia‘tge to cover the capacitor. elenent including anode |ead 18.
Anode ext ér'nar terminal 19 and cathode external terminal 20 were formed on

each side surfgg i y | at i-ng.  Then, .aging. was_perfornmed
to provide t heﬁéo?’iq{c? %%%tlﬁglp ?Tafgcog epé%ggvg%% g?l%a%%\sl? %8 t§%§)f’§reaocf°‘gg‘9]§?ﬁn-
by. 4..3mm hy. m . amle 2. . ker@ .Qf1 a.63PAC] : | to the
-~ capaci tor%g?&g%fxr?éﬁé . e’%@ I'm ar1 I%gtagdeéggrr}gc@ E’?t%%%@é&i?@%%?f@ was
f or med xat I i f od . :
“for msd%n‘@%el fggifqlgr&qfﬁa%eéh %éle S@EE%% &lﬁ%é?%&%ﬁ%ak?ggg?%&%gmﬁ was
enpl oyed TRt QPHS pk&Ade Hho ALl e1Q961yREcTdal 2R R01 ¢ 3 sizd of AQpe | ead
21 was bor%{ad to col lpect o? Igyer 1e63%$ glg%u tai vg Q%ﬁﬁgéi v%l.éﬁg??lﬁ%gusi ng
17 made ofhyep@rymIRs0fsimed so as to cover a capacitor elenent. Anode
external term nal 19 and cat hode external termnal 20 5 were formed on each
side surface of housing 17 by plating. Then, aging was perfornmed to
provide the solid electrolytic capacitor (having a size of 7.3mm by 4.3mm

by 0. 5rm) .(EkExeplpl® 3)

10 Example 3 of a capacitor corresponds to the capacitor of embodiment 3.

Similarly to example 1, four capacitor elements including anode leads

- 18, respectively, are stacked.
: . Then, housing 17 made of epoxy was formed -so.-a_s to cover the stack-ed'
" clements. - Anode external terminal 19 ‘and cathode external terminal 20
15 -were formed on eaéh 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 c_apacitor of embodiment 3.
..Si_'milar'_ly, to 'ex_ainple 1, eight: caﬁ acitor _el-eménts having-c;-)‘l.lecforlayers |
16, respectively, were stacked. Anode lead 18 was formed at a lead portion
of ea_ch of the stacked-capacitor elements. Then, similarly to example 1, the
solid electrolytic capacitor was provided (having a size of 7.3mm by 4.3mﬁ1

25 by 4.0mm).

3 .f(Ekémple 5)




10 Exanpl e 3 of a capacitor corresponds to the capacitor of enbo%ggnt 3.
Simlarly to exanple 1, four capacitor elenents including arloerrt] s 18,

respectively, are stacked. Then, housing 17 nade of epoxy was formed so as
to cover the stacked elenents. Anode ext éfnal terminal 19 and cat hode
external term n~a§1x20 15 were formed on each side surface of housing 17 by
pl ating. Then, aifAgRiad ¢fer capaecitior comespondes ttheSﬁthit@f@f?éﬁle&g&%t 4.
capaci tor (havi ng. a,siée of 7.3mm by 4.3mm by 2. . (Exanple 4 )
‘Exanpl e 4 of a capa¥ArlTtocemanaplohdsinecadpaeitonpheidits InfviapRORE BRirg e
..Simlarlyto exitage 1, ,ei]ght capaci tor el enents havi ng cohectorl ayers
16, respect ilggf”;'ﬁ espeeidvelyd wemaadeckeahd Qdloutor Igered wasFokaag OFI%Hl on
of each of the.stac ﬁ capacitor elenents. Then, simlarly to exanple 1,
the solid ‘éﬁ'&&‘?eo@s? ¢ stapked edemenss.prBhemesintibaly o ex@hph 9f the IFMPY
4. 3mm 255bye?.%F .xanple 5) 17 April 2006 14 Exanple 4 of a capacitor
“corresponds ¢ ’&aﬁ’%‘%@ﬂf BRscptsodded thading Sigikéd @f|'&3h@1%am§ﬂxﬁrr@\kgni ne
r

capacitor elf% having solid electrolyte |layers 15, respectively, e .
stacked. ColT | ayer 16 was formed on the -surface of the stacked

el ements. -. Then,. simlarly to exanple 1, the solid electrolytic
capacitor was provided (having a size of 7.3nmby 4.3nmm by 4.5mm).

(Exanpl e 6) gﬁé%ﬂ%ﬁ of a capacitor corresponds to the capacitor of
enbodi ment 4. Imlarly to exanple 1, nine capacitor elenments having

solid el ectrolg&sm .shown), respectively, were stacked. Solid
el ectrolyte |ayer %@gﬁggec{aﬁgf&tﬁﬁw{"%‘?%%iﬁ@ the capaditor ofesmbalinratal | east
on an epgposed outer
Similar] i i i
| ( y to example 1, nine capacitor elements having solid electrolyte
a i ;
.. yers \not shown), respectively, were stacked. Solid electrolyte layer 30
made. of _polythidpheng derivative was formed at least on an exposed outer
L snrfacé of sqii‘d electrolyte Iayer 15 disposed on the ‘stacked elements by
16 chemical polymerizatidn. |
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 eﬁample 1, the solid electrolytic
capacitor was’provided (having a size of 7.3mm by 4.8mm by 4.5mm).
20 -
:_(Examgple 7.
- example 7 of a capacitor coi'responds to the capacitor of emﬁodiment 6.
Similarly to example 1, ten cétpacitor elements having dielectric layers
14, respectively, were stacked. Solid- electrolyte layer 16 made of
25 p‘olythiophene' derivative was formed at least on an: exposed outer surface of
 dielectric layer 14 applied to the stacked olements by chemical

polymérization, and then, collector layer 16 formed of carbon and a silvef




"surface-of solid electrolyte | ayer 15 di sposed on thestaeked el e Ets by
15 chem cal polynerization. Next, collector |layer 16 was foWn%H’]g?ﬁ) Phe
surface of the stacked elenents, and anode | ead 18 was fornmed at a |ead
portion of pengbod/nenagapaci tor el enments. Then, simlarly to exanple 1, the
solid electrolytic capacitor was proviged (having a size of 7.3mm by 4.3mm
by 4.5m). 20 exanple 7 of a.capacitor corresponds to the capacitor. o

f
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formed. Thgpg mppde | ead-out 18 was formed at .a |'ead .portion of each of
the capacitor elenents. Then, simlarly to exanple 1, the solid.
electrofytic capacitor was provided (having a size of 7.3mm by 4.3mm by
4.5m) . 5 (Conparative exanple 1) Fig. 15 is a sectional view of ‘
conparat i Vgltﬁﬁﬁﬁﬁiﬁtﬁreleﬁmﬁlesﬂ id electrolytic capacitor. Coating material
was made of tantal um powder -having an average 10 particle dianmeter of -0.2m
and a nom nal ®§patbt snce LEtidHY GROLVof Noxiparative egahiplg Nabfra adolihs
applied in a thickness of 100mto both surfaces of a tantalumfoil having
a t hi ckneseleofroR%in csiptaeitarret al nmask havi.ng a hole of 5nm by 3nmm for ned
therein. Then, the tantalumfoil was dried to form

- Coating material was made of tantalum powder having an average

10 particle diameter of 0.2pm and a nominal capacitance of 100,000CV. Next,
" the coating material was applied in a thickness of 100um to lz;ot‘h surfaces of
a tantalum foil having a thickness of 25@1 with a metal mask having a hole
Cof 5mm by 3mm. formed therein.  Then, the tantalum foil was dried to form.

-~ an anode. | | ‘. B B
15 -~ Through providing the anode with collector layer 16 ' similarly to
example 1, a capacitor élement was formed. Then, aging was performed to
provide the solid electrolytic capacitor (having a size of 7.3mm by 4.3mm by

0.5mm), | |

Ten capacitors. for each of examples, example 1 to example 7, -and
20 'compa_rative example 1, are measured in capacitapce at 120Hz, in t‘he ESR at
| E 100kH_z; and 'i-:hef ESL at 5MHZ_.- Table 1 -é-how‘s.an__, aVefage cif measurements

of the ten capacitors for each example.

i
i




an anode.
to

15 Through providing the anode with collector

exanple 1, a capacitor elenent was forned. Then,

agi ng

o ek 1%@?)9%1

larly
nmed to

provide the solid electrolytic capacitor (having a size of 7.3nmm by 4.3nm

by 0. 5nm PCTéroedparitors for each of exanples,

ESR at 100
measur enenyg
PCT/ JP02] 1
El ements(F
344019. 04.
Exanmple 71
exanpl es 1

conpar.ati ve—e

and 20 conparative exanple 1, are neasufed in capacitance at 120Hz, in
kHz; and the ESL at 5MHz. Table.1l shows an average of
Kaﬁ{g _?_he ten capacitors for each exanple. 17 April 2006
927 (Table 16 _Nunmber of Stacked Capacitance ESR ESL_ Capaci
mQ) (nH) ExanI e Nundezef Stacksdnpl | Larogremce1] BkaRplle ESL |
12 Exanpl e 488114 aphciidr Blemdrts5989B84. 04uF) ExanueQBIOIHH)64.
1@k A3:;14.108] Conpar ati vey 16833/. 07 Exanplgyd The| capaci [t of $801
A 26110 U eiﬂtﬁoehsarrel num)erw of capachr el errejgs as4 bHia
Xaall Il)lg g. INOCVCT T ITCT Cai LK N || > B 407 9 O 4 12 |
Example 4 8 811 4.4 4.13
Example 5 9 898 4.0 4.11
Example 6 9 906 3.6 412
. Example 7 10 1017 3.0 4.08
‘ C];J}mparatlve 1 68 33 7.07
xample 1 _

5

exanple 1

to exanple 7,

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 capac:.tor of comparatwe example 1. This is

because the capac1tors of examples 1 and 2 exclude lead frames 8. and 9

_ lncluded 1n the

10

.15

conventional capacﬂ:or.

; .
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 capac1tor of the present invention has the small ESR and the ema]l

ESL since not having an ESR provided by lead frames 8 and 9 or an ESL

prov1ded by an extendmg length of lead frames 8 and 9 connected w1th"

exte.mal electrodes 19 and 20 to be loaded on characterlstucs of the capacztor |

The capacitance increases substantla]ly 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. R

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

t he

tor
12

of




5 capacitors of exanples 1 and 2 have | arger capacitances, Pg;lLeo ESRS’
and smaller ESL than those of the capacitor of conparative Hﬁﬁ{g 1. This
is because the capacitors of exanples 1 and 2 exclude, |ead frames 8 and 9
i ncl uded i BCTAPORAO9ENL I onal capacitor. That is, the solid electrolytic
capacitor according to the present 10 ilavention can includes the anode
having a large volune due to elimnating lead frames 8 and 9. The

Chae! hot fe HiMEeRiRARN GG AhoBRS: LDENS Hib (ROt ARG LIRS akeL,
by, . t i | . |
ol sctroqee ko | it LapholiBEHe BRARHIE TGRS Shpllcklly dBuEKESTNY

capaci t anCeralcREA CARES cﬁﬁlb%ﬁﬁﬂetlaﬁrbk Y14 NisPEARQIE 06 thent D% USRS of Ne
stacked capacitor elenents, while the ESR decreases substantially in -

i nver sel y-@e0Rgldd Haald 6.0 Th RUWHRALsOcabheit6RPREdIRE RhEMRDLS anldi¥Ber

provi di ng the neasurenents theoretically. 20 The capacitors of exanples 5
to 7 have stagst ahifsaid andfetedie Hodess dad 4 rethd 2OARSTHIRRAN1IIHR7 17
are differentiated fromone another in the tine the capacitor elenents are
stacked. Thgeeapdciionstatkek alphents. | Mhaldigothd@apapiac edsmeheimeshShe
stacked after dielectric layer 14 is fornmed nore than the capacitors of
exanpl es Sstacled: nibive sin sa Hbmatiede spapacint ar selidnelectrodyiac kegaaitor,athear | ier
5 stage of its_manufacturing process has a reduced thickness between the
| ayer's of preyidingribedcagiasntontveith BvaadvantagedndipeapacirareeemshESRcan be
stacked nore in a limted space in a solid electrolytic capacitor, thus
provi di ng t he Aayawinesttoniof kxampler Ao Jorre deditly differsadifrandbesapatisi Any
capaci tor of exanples 1 to 7 are clearly different fromthe capacitor 10 *
~of corfPar Af vempazapive expmideal att cshanacteristigsy amy cebsepagitersfoft 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 héving
porous body 12 allows the capacitor elements to be effective]jr stacked.
According to the present invention, tantalﬁm is used for the valve
metal, but it is not limited to. Other valve metal, such. as alupzinum,
: niobium, titanium, and zirconium, can providg the same effect.
g.d: | | | )
- INDUSTRIAL APPLICABILITY
A solid electrolytic capacitor according to the preSent .i-nventi'on; since
| not including a lead frame, can include an anode having a-Iargé volume, thus

having a large capacitance.




exanpl es sel ected due to manufacturing process has charactef; tlgﬁpguperior
to the capacitor of conparative exanple 1. According to the p&@@

i nvention, the tantal um porous body i 48formed on both sides of the

- tantalumfoil. The porous body nay can be fornmed on 15 one side only, and
in this_cgge ode lead 18 fornmed on the side having porous body 12
allows th %ﬁ@&gitor el ements to be effectively stacked. According to the

present invepta @gnadi tcghgms' -used for the valve netal, but it is not
limted to. O herpvaWe tafn,%‘; such as alum num niobium titanium and

zi rconi um . canapvaive deetahdoi dnmeludingeat val2® mbBRIUSIRbVE e boAB: Llead A solid
el ectrolytic,.capacitor according to the present invention, since not
i ncl udi ng POriQIL 4 frame, can include an anode having a | arge volune, thus

havi ngsa | ar gea¢dastit 3a prévidé8'onl sai@ 8ive Sndtafbdfous bodf; capaci t or
conprising: a valve netal foil includi ir;?ea val ve netal porous body and a

| ead porti on; asold eladtrotite laydronesaip digleclde layer,sai d val ve metal porous
body; a solid_el r e |laye n said dielectric |ayer; a collector

| ayer on said E&"ﬁ%@?@%mf‘ i ?@gge‘?ﬁ?dr%wegﬁg%re | ead connected to said
| ead portion; anbkagaenad esnmsRedtds4tileed paitidnyal ve netal porous body,
said 10 dielectric layer, said solid electrolyte |ayer, said collector

| ayer, and sai@ houdae foeaaccommodainthspichyalive snrtabfPosavs hastdesaidad |
oo R B S RO Moo S kBT R e v
' 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
20 layer provided at said lead portion for insulating between said lead portion and
said solid electrolyte layer and for insulating between said lead portion and

said collector layer.

25 3. The capacitor of claim 1, wherein said anode lead is made of a material

which 'is capable of being plated at least at its surface.

4. The capacitor of claim 1, wherein said anode lead is connected to a side
30 of said lead portion on which said valve metal porous body is provided.

5. The capacitor of claim 1, wherein said anode lead comprises aluminum,




15 a cathode external termnal provided over said housing qu cqggb d wth
sai.d collector layer. 2. The capacitor of claim1, further dﬂ%?i g an
-anode- cat hode insulating 20 |ayer prd@ided at said | ead portion for

i nsul ati ng between said | ead portion and said solid electrolyte | ayer and
for insulating between said |lead portion and said collector layer. 25 3.
The capacitor of claim1, wherein said anode |lead is nade of a materi al
which is capab of L . a Lﬂ%ﬁ%' tadidi S «capaci tor
of clain11,gahg§giﬁaggpggéﬁﬁggs eag’is coHﬁé%#%da@%ﬁ%q%ﬁgpél§§H§F%@aid | ead
porti on owcomiprisks sgpldteddlme net al porous body is provided. 5. The capacitor
of claim1, wherein said anode | ead conprises alumnum 17 April 2006 19 5
6. The capacitor of claim1, wherein said anode external term na

conpriges a plated film 7. The capacitor of claim1l, wherein said cathode
external termnal conprises a plated film 10 8. The capacitor of claim1,
further conpt.i $hagcapacitonoat daimd 1f owhereimnesid | eathedé dexdetnagcteoninahyer wit h
sai d cat haode exterqgl Eﬁﬁninal. 9. The capacitor of claim8, wherein said
cat hode | &9FPESRDARBEIWEL o yni num 10. The capacitor of claim1, wherein
said solid electrolyte | ayer conprises conductive polynmer. 20 25 11. A
capacitor conprising: a stacked body including a plurality of capacitor
el.enents stacked, said plurality of capacitor elenents respectively

i ncl ugh ng v VepBeLabSeilo? b 'A%kt MY GomptiBingP Y ihdRdiER F8fF | ead

connecting said collector layer with said cathode external terminal.

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

15  aluminum.

10. The capacitor of claim 1, wherein said solid electrolyte layer comprises

conductive polymer.

20
11. A capacitor comprising:
a stacked body including a plurality of capacitor elements stacked, said
plurality of capacitor elements respectively including _
25 valve metals foil including valve metal porous bodies and lead

portions, respectively,
dielectric layers provided on said valve metal porous bodieé,
respectively, '
7 | solid electrolyte layers provided on said dielectric layers,
30 respectively, and o
collector layers provided on said solid electrolyte l'ayers,
respectively; '

anode leads connected to said lead portions, respectively;




portions, respectively, dielectric |ayers provided on said §§&¥§ 6§éal
porous bodi es, respectively, solid electrolyte |ayers provﬂ 0% d
dielectric layers, 30 respectively, &Ad collector |ayers provided on said
. solid electrolyte layers, respectively; anode |eads connected to said | ead
- portions, respectivel 17 April 2006 20 a housing for accommopdating said

ely, . <
stacked body aAdoysing fanagecnmngating said stackad BiogY ansssrid enede deres. of sai d
anode | ea f : . nal i nal
provi ded Sngreb SEEhe EaPkan Ehasts et ibie IO BRIGA AR e RER 07 ¢
sai d anod¢hdreaf]s; and a cathode external term nal provided over said
housi ng and coupled , with said collector |ayers. 10 12. The capacitor of
claim 11, furtﬁ%@”@gﬁﬁﬁ%ﬁﬂﬁ‘gt“dﬁ“'&ﬂ&f@y hOUdE Saich hersingrp 89@'5)9%? vi ded at
said | gad r A il L i | ead portions and said
solid gl e(\:n{?t(rplo dﬁe%ﬁﬂaéﬂ\r%%gﬁ%%?g?ﬂl ér??ﬂ%‘t%?ﬁg rqek{ween said lead portions and
sai d col | ect oralcaleods extespalk tarminai. proyidesl oTeresaidpbousing and cowpled 11,
wherein saL&laque I?ad% is made of a material which is capable of being
pl ated at WESHId £PlIeQAr@Ye Sace 20 14. The capacitor of claim 11, wherein
sai d anode | eads are connected to sides of said | ead portions on which
said valve netal porous bodies are provided, respectively. 25 15. The
capacitor of claim1l, wherein said anode |eads conprise alumnum 16. The

capaci,lé or Of‘!fl ‘?hcran %&pac%?-rgfi rc';la?r%i q1?%ﬁﬂe?%o%8r?s'iné eéﬁ“' Qr%de—cathode
insulating layer provided at said lead portions for insulating between said lead
portions and said solid electrolyte layers and for insulating between said lead

portions and said collector layers, respectively.

15
13. The capacitor of claim 11, wherein said anode leads is made of a
material which is capable of being plated at least at its surface.

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

25 °  15. The capacitor of claim 11, wherein said anode leads comprise

~aluminum.

16. The capacitor of claim 11, wherein said anode external terminal

30 comprises a plated film.

17. The capacitor of claim 11, wherein ‘sé_id cathode external terminal

comprises a plated film.




- 30 conprises a plated film 17. The capacitor of claim 11, vxjhgrglzg cs)ai d

cat hode external termnal conprises a plated film 17 Apri 11 9018, The
- capacitor of claim11l further include®!cathode | eads for connecting said
collector layers with said cathode external termnal, respectively. 19. The
capacitor of claim 18, wherein said cathode | eads conprise alumnum 10
20. The capacitor of claim1ll, wherein said solid electrolyte |ayers

. conprise congduetive po r, .21 apaci,t or ri.SL0eL. ed bod
el udi g s gh SheicApRCl S a1 o RrERR AL FATRGE 148 ot eoBbitil o

capaci t or st @ERaster Iagerewith sald/cathele éxignaiabmainak raspddlively. havi ng val ve

. metal porous bodies and | ead portions, respectively, dielectric |ayers

provi ded on said valve netal porous bodies, 20 respectively, and first
solid.electrolyte layers provided on said dielectric |ayers, respectively;
" a coll'ector |ayer provided over said stacked body; anode |eads connected to

sai d | ead pa@t iThes capasifmcbf iy 12, whbwisi sald f cathode deats addmyrisai d

- stacked body, said collector layer, and said anode |eads, and for having

respect | vAlUBNEdMof saj d anode | eads exposed froma surface thereof; an

anode external term nal provided over said housing and connected wth said

respective ends of said anode | eads; and 30 a cat hode external term nal

. provided over said housing and coupled wth said collector layer. 17 April
'2006-10 - 20. The capacitor of claim 11, wherein said solid electrolyte layers

comprise conductive polymer.

21. A capacitor comprising:
15 a stacked body including a plurality of capacitor elements stacked, said
plurality of capacitor elements respectively including
valve metal foils having valve metal porous bodies and lead
portions, respectively,
dielectric layers provided on said valve metal porous bodies,
20  respectively, and
first solid electrolyte layers provided on said dielectric layers,
respectively;
a collector layer provided over said stacked body;
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: '
an anode external terminal provided over said housing. and connected
with said respective ends of said anode leads; and
30 -a cathode external terminal provided over said housing and coupled

with said collector layer.




22 22. The capacitor of claim?21, further conprising a secg&d scil is
electrolyte layer provided on said stacked body. 23. The t28P0 of
claim 22, wherein said second solid el28ctrol yte |ayer conprises conductive
- polyner. 24. The capacitor of claim21l, further conprising an anode-cat hode
10 insul ating | ayer provided at said |ead portions for insulating between
sai d | ead pof2.iGrescaparitonofl cloimiZd, durdeerreinprisingpesecond rs@lid elegtipdyie at i ng

bet ween sgj d | ead rti.Q n i.d collector layer. 15 25. The capacitor
of claim al¥erm§\(|g?ﬁ%§a$adcﬁ'§%5§dfbgggs is made of a material which is

capable of being plated at least at its surface. 26. The capacitor of claim
21, wherein said anode | eads are connected to 20 sides of said | ead
‘portions on which said valve netal porous bodies are provided, '

respecti vel ygpqa 2 i ' : ' [ ds
conpri ée 252?éil—Fur}r(1a ggﬁ?&%%ﬂghcg%a%t@t%%mc a:&'lr;n %Oﬁ&mﬁfeércg?ﬁﬂésléé anode
ext er nal toapnprisas condoptivespslymepl ated film 30 29. The capacitor of claim
21, wherein said cathode external term nal conprises a plated film 17
April 2006 23 30. The capacitor of claim21, further conprising a cathode
lead for connecting said collector |ayer with said cathode external
termnal. 5 31. The capacitor of claim 30, wherein said cathode |ead
conprises akdiniThenmcapaciGe. ofl'hmgin'a;%cifumhhepfcarhaiisfnglanvmm@—nathadel first
. solid 18' eﬁrtlsrucfétYr%gefalygygltosvideccP gp ééié Tead BgHi%Hs\{‘gr %%L%%&'between said lead

portions and said solid electrolyte layers, and for insulating between said lead

portions and said collector layer.

15 25. The capacitor of claim 21, wherein said anode leads is made of a

‘material which is capable of being plated at least at its surface.

26. The capacitor of claim 21, wherein said anode leads are connected to
20 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

25 aluminum.

28. The capacitor of “claim 21, wherein said anode external terminal
comprises a plated film.
30

~ 29. The capacitor of claim 21, wherein said ‘cathode external t_e}mi_nal

-~ comprises a plated film.




33. A capacitor conprising: 15 a stacked body including a pty aLi%% of
capacitor elenents stacked, said plurality of capacitor el 12006
respectively including valve netal foR8s including valve metal porous
bodi es and | ead portions, respectively, and dielectric |layers provided on

said val ve netal porous bodies, 20 respectively; a solid electrolyte |ayer
~ provided on said stacked body; a collector |ayer provided on said solid

el ectrolyte yer . I ' ne, t ! e i

respectivel yé;(f‘a]eﬁ%u%aﬁ%%ﬂ&oro?glg%ig?n%dat ?—@grs%n%ﬁ@%é k%%e@géé/é qés%q Jo'éol | ect or
| ayer, 2goanectig shidoolisstdreiager witlhdaidosathede egtentsi@ehinge ends of said
anode | eads exposed froma surface thereof; an anode external term nal

provi ded over said housing and connected wth said respective ends of said
- anode feads; and a cathode external term nal provided over said housing and
coupled 30 with said collector |ayer. 34. The capacitor of claim 33,

- further comiii.sThg capaaitodef cadbinodz), wherdiat said ¢athede peadi dempeasesai d | ead
portions fPr insulating between said |l ead 17 April 2006 24 portions and
said sol i 84¥VBEMT ol yte layer, and for insulating between said | ead portions
and said collector |layer. 535. The capacitor of claim 33, wherein said
anode leads is nmade of a material which is capable of being plated at | east
at its surface. 36. The capacitor of claim 33, wherein said anode | eads are

i S R R R R R

- | eads conpginpfise conductive polymer.

33. A capacitor comprising:
15 a stacked body including a plurality of capacitor elements stacked, said
plurality of capacitor elements respectively including
valve metal foils including vaivé metal porous bodies and [ead
portions, respectively, and |
dielectric layers provided on said valve metal porous bodies,
20 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;
a housing for accommodating said stacked body, said collector layer,
25 and said anode leads, and for having respective ends of said anode leads
exposed from a surface thereof;
' an anode external terminal provided over said housing and connected
- with said respective ends of said anode leads; and |
a cathode external terminal provided over said housing and coupled

30  with said collector layer.

34. The capacitor of claim 33, further comprising an anode-cathode
_insulating layer provided at said lead pqrtio_ns_ for insulating between said lead




15al um num 38. The capacitor of claim 33, wherein said an ‘d7e xlérg *
termnal conprises a plated film 20 39. The capacitor of c AP wher ei n
said cathode external termnal conprides a plated film 25 40. The

capaci tor of claim33, further conprising a cathode lead for connecting

- said collector layer with said cathode external termnal. 30 17 Apr|I 2006

25 41. Thewhpnerpdsait selichplackolytedayesi and fordnediatingdehueen saithierdes
“al um num rfg)rﬂgns J&%gﬂ%ﬂb&f& cI aim 33, wherein said solid electrolyte
c

| ayer rises condu Aver. 43. The capaci tor any one of clains
10, - 20, 23 32, and 42, mhereln said 10 conductive polyner includes

pol ypyrrole or its derivative. 44. The capacitor any one of clains 10, 20,
23, 32, and 42, wherein said conductive polyner includes polythiophene or

its de‘s' vatiye. T8 c‘éﬁgcﬂ_&?of:@ ;:%E@,;WIPIQP%"?%%I@BHSHQ‘IE% & Oss 332, and

42, wherein said ucti ve po es co oun of po pyrrole or
i'ts deri vahatesialwhich ipchpablieabeire plated at ldasi atdtsi stefac20 46. The capaci tor
any one of clainms 10, 20, 23, 32, and 42, wherein said conductive polyner
is formed by chem cal polynerization. 25 47. The capacitor any one of
clainms 10, 20, 23, 32, and 42, wherein said conductive polyner is forned
by el ectrolytic polynerization.

36. The capacitor of claim 33, wherein said anode leads are connected to

- 10 ~ sides of said lead portions on which said valve metal porous bodies are

provided.

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

15  aluminum.

38. The capacitor of claim 33, wherein said anode external terminal
_ comprises a plated film.
20

39. The capacitor of claim 33, wherein said cathode external terminal

comprises a plated film.

40. The capacitor of claim 33, further comprising a'cathode lead for

cohnecting said collector layer with said cathode external terminal.




30 48. The capacitor any one of clains 10, 20, 23, 32, anddéz Iﬂ@@pgin sai d
conductive polyner is fornmed by chem cal polynerizations a é@ lytic
pol yneri zati on. ABSTRACT A capacibor includes a valve netal foi

i ncluding a valve netal porous body and a | ead portion, a dielectric |ayer
provi ded on the valve netal porous body, a solid electrolyte |ayer on the
di el ectric I4dyelhe Lapscitecdr claiy 40,0 whereinssifl dcatheder gagt eomayees an
anode Ieagtﬁﬁﬂﬂﬁpted to the lead portion, a housing for accomobdating the
val ve neta‘ porous body, the dielectric layer, the solid electrolyte

| ayer, the collector |layer, and the anode | ead, and for having an end of

t he anode | ead exposed froma surface of the housing, an anode external _
term nal provided over the housing and connected with the end of the anode
| ead, and a LAt fpdecsxdanabe LGath 3, MRLACIRY Lol dHIEdageA Coupl ed
‘W th the collector [ayer. The capacitor has a |l arge capacitance,” a small
ESR, and eomwabés BShductive polymer.

43. The capacitor any one of claims 10, 20, 23, 32, and 42, wherein said

10  conductive polymer includes polypyrrole or its derivative.

44. The capacitor any one of claims 10, 20, 23, 32, and 42, wherein said

conductive polymer includes polythiophene or its derivative.

15
45. The capacitor any one of claims 10, 20, 23, 32, and 42, wherein said
conductive polymer includes compound of polypyrrole or its derivative with
polythiophene or its derivative.
20 .
46. The capacitor any one of claims 10, 20, 23, 32, and 42, wherein said
conductive polymer is formed by chemical polymerization.
25
47. The capacitor any one of claims 10, 20, 23, 32, and 42, wherein said
conductive polymer is formed by electrolytic polymerization. -
30 48. The capacitor any one of claims 10, 20, 23, 32, and 42 wherein said

conductive polymer is formed by chemical polymerizations and electrolytic
polymerization. o o






