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material and | eads, a dielectric over the wvalve netal porous nateri al
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{54) Title: SOLID-STATE ELECTROLYTIC CAPACITOR AND ITS MANUFACTURING METHOD
&) BROLE: HRERT ST H B LUTORESE
W i 2n 55 (57) Abstract: A capacitor comprises a valve metal foil equipped with a valve metal

porous material and leads, a dielectric film over the valve metal porous material,

solid-state electrolytic over the dielectric film, collector layer over the solid-state

electrolytic layer, an anode exfraction electrode connected to leads, envelope which

houses the valve metal porous material, dielectric film, solid-state electrolytic

AR Tayer, collector layer, and anode extraction electrode and exposes the end face of

=7 the anode extraction clectrode, an external anode electrode provided above the

it FA S A envelope connected to the end face of the anode extraction electrode, and external

cathode electrode provided above the envelope connected to the collector layer. The

solid-state electrolytic capacitor is increased in capacitance and shows a low equivalent series resistance and a low equivalent series
inductance.
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t he anode extraction el ectrode, an external anode el ectrode, p Y above
the envel ope connected to the end face of the anode extraégj%ﬁlgﬁggtrode
~and external cathode el ectrode provided above the envel ope connected to
the col | g5t 05pdoA¥@sy The solid-state electrolytic capacitor is increased
in capacitance and shows a | ow equival gnt series resistance and a | ow
equi val ent series inductance. 17 April 2006 PCT/JP02/10927 1

DESCRI PTI ON Solid Electrolytic hﬁ) &]I\/Et hod of Manufacturing the
Capacitor 5 TECHNI CAL FI ELD Thecﬁ%gé TiO™ht i on relates to a solid

el ectrolytic capacitor and a nethod of manufacturing the capacitor. '
BACKGROUND ART 10 El ectroni ¢ equi pnent, such as a personal digital

assi st ant,
Sofid ec rol3¥t1c Capac1tor and Method of Manufac:turmg the Capa01tor

5 TECHNICAL FIELD
The present invention relates to a eolid 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



required to be smaller and to have a high performance, and  i_t, h ﬁ en .
accordi ngly denmanded that el ectronic conponents have high ﬂgﬁﬂaﬁﬁﬁ_ ein
smal | bodies. A solid electrolytic, capacitor placed in a secondary side of
a power cPECEMPD2/10927C| ose to a central processing unit (CPU) of a personal
15 conputer is required to have a |l arge2capacitance in a |ower profile and
a |lower equivalent series resistance (ESR) as well as a l-ower equival ent

series | B0 fa neg-sb) - The E:ﬁ%cﬂtofroist Rt 8 Wit R Witsiny HebRUY 66 UvES,

such as surface c itron of the anode, a nmethod of form ng dielectric

layer, devel QIR RhnRNg ahBRENSIC S friini $ekpsked! ectrol yte layer, and
-the 20 structure of a capacitor elenent have been carried out. Fig. 16 is

a sectional Vi g&f iRcIBENVE thieOndld Falrhes, etiRe thavetiticnadapslid tedsctrblyeicect ri c
| ayer 4 is fornmed of foil or sintered material 2 made of valve netal, " such
as tant al wap=RiitéF Hirdly andudeolilarge Byluanost #atdmvde Bokildrgebapiditintee

| ayer 5 formed of oxide of transition netal, such as M, is forned 25 on

t he suryf acen®@hadiBl B&s kigindB VSR 4ndCoknedt O8LI ayer 6 is formed on the
surface of solid electrolyte layer 5. Anode lead frane 8 is connected wth
| ead portion 1 of an anode, while cathode |ead frame 9 is connected wth
17 April 2006 PCT/JP02/10927 9 collector |layer 6. Thé capacitor is covered

with housing resin 7 to haS@MMMbBY OFIDHE: SBSWcat hode | ead frame 9
exposed. -Since including the l.ead frames, the conventional solid

el ectrolytic capagichRianb@rwitly thBCﬁtéﬂea%Fécﬂ &f 9k \RESHE ifVeritiba, Qﬁ'@i@eisf or a
| arge capacitance and hardly has a snall ESR and a small ESL. SUWMARY OF

- THE | NVENTpoWifled acapaciiancemprising: healve meataldog dncludingtanenlys mstahiporawsent i on,
there 1ios 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 cdn_nected with said respective enlds of said anode leads; and a

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




provi ded a capacitor conprising: a valve netal foil includi a. e netal
porous 10 body and a |l ead portion; a dielectric |ayer provﬂggaﬁgé%béid

val ve netal porous body; a solid electrolyte layer on said dielectric

| ayer; a collector layer on said solizlelectrolyte | ayer; an anode | ead
connected to said | ead portion; a housi’ng for accommodating said val ve
met al - por otdlebiodayessai d di el ectric |ayer, said solid electrolyte |ayer,
said collector |ayer, and said anode |ead, and for having an end of said
anode | ead expd8edcrdance Withf heethiepsnset odnthgnprgaens xingemizan, t {Benei thal 15
provi ded - S Al i ngd..connec wi.th sai.d end of. sald anode | ead;
ra 50 dpHisE adaPRR N R S G nbl Dredile RO isT B oo e
with said clembhiegtadked, a¥@plutdlitpef elihaneeelvinehistigeasapdndadgtvaple t he
present invention, there is provided a capacitor conprising: a stacked
‘body i ncl usetah feilpbayiagi valvefmelab@orausr bodite andtisad tpactied, respedtipdlyral ity
of capacitor, elenents res tively including valv metals foil .including
val ve mot AHClSEFE TR AL FEaNaE st toyEaslis FoBrSv i anddis o

| ayers br o RboaBl sV ahivided Gl <ROURISRE sy, (LEROREILVELIlccR! 1 @

el ectrolyte | ayers 'provided on said dielectric”l ayers, respectively, and
col | ect or layayproyidedovietedaidn straketl dotly,d anbde tlealsy t@rcaiedr 8 sails pedt | vel y;

anode | eads .connected to sajd |l ead portions, respectively; a housing for
accommodathRESai BPSEI ey h §dBowSiRg riRk acrPmodaling said giaked diodgas#dhousi ng
and coupl 1 I : I I avi ng
ospect| v hbbepel Snd AR ARRRAS Y AT ARIRREE S e N el Bl 27

anode ext deqialexpesod fraln Prsavihee thevslt anS@abde &Qmﬂgeﬁﬂﬂapgmﬂvéﬂ th said
respective ends of sajd anode |eads; and a 17 April 2006 2a coll ector

| ayers. | feidchasingrand pnnectedevithiseid meprstive onds bE spdeavode leadseand on, there
is

cathode external terminal provided over said housing and coupled with said
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
éonnected 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.




provided a capacitor conprising: a stacked body including qu uHibbgy of
capacitor elenents stacked, said plurality of capacitor el

respectively including valve netal foils having val ve netal porous bodies
and |lead portions, respectively, dielectric |ayers provided on said valve
nmet al porous bodies, respectively, and®Pirst solid el ectrolyte | ayers
provided 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 accommodating sai d stacked body, said
col | ector | ayeFigaRds sasettimed i¢wads saitleleotrolyic capactpdat docordngte of
sai d anode _| eads exposed froma surface thereof; an anode external

terninal prath gsemplary ewhpdithents? of theihveativect ed with sai d respecti ve
ends of said angde | eads; and.a cathode external termi nal provided over

sai d housi ng afddgcdaplacseofional yagw of cosilak electrolptir capatitaedoratencdandet h t he
fourth aspect of the present invention, there is provided a capacitor
conpri si ngWith exemplaryyabodimeentdd afjthe ivensiont y .of capacitor el enents
stacked, said pl.urality of capacitor elenents respectively including valve
metal foils i ndl&at Ay avsachiongd vigw 9éeosnlidelerelydicanssttopdntacsosdance
respectively, and dielectric |ayers provided on said valve netal porous
-bodi es, respectively; a solid electrolyte |ayer provided on said stacked
body; a collector layer provided on said solid electrolyte |ayer; anode
-l eads connected to said |lead portions, respectively; a housing for
~accommodat i ng sai d stacked body, said collector |ayer, and said anode

| eads, and for having respective ends of said anode | eads exposed froma
surface thereof; an anode external term nal provided over said housing and
connected with said respective ends of said anode | eads; and a cat hode
external termnal provided over said housing and coupled with said
col l ector layer. The capacitor may have a | arge capacitance, a snmall ESR
and a small ESL. BRI EF DESCRI PTION OF THE DRAWNGS , Fig.. 1 is a sectional
view of a solid electrolytic capacitor in accordance with exenplary

enbodi ment | of the present invention. :




17 April 2006 2b Fig. 2 is a sectional view of a solid 6|e§lt7r1§;|2)'ﬁtiﬁ -
capacitor in accordance wth exenplary enbodi nent.2 of the’i 1P gn* Fig.
3 is a sectional view of a solid electrolytic capacitor in accordance wth
exenpl ary -le@fp,?ﬁbmrﬁ of the invention. Fig. 4 is a sectional view of a
solid electrolytic capacitor in accordafice 17 April 2006 PCT/JP02/10927
with enbodinent 4 of the invention. Fig. 5 is a sectional view of an anode

of the solid,elegctrol yti acitor. of the enbodi nents of the invention.
Fig. 6is W@e’t’?ﬁ%‘i‘é‘l‘g i‘gﬂf@%'{“ﬁ’@n Paci tor of the “enbodinents. 5 Fig. 7

secti onal  vi evE U S SesesHene| e ABPUE Pt BF° Pt SRl HEreBatiffof o |
a sectional, view of an anogde.of the capacitor of the enbodinents: 10 Fig.
10 is a set Eﬁedﬁﬁ/?ﬁ\ﬁ‘ee‘%%&%gﬁuéméo%f ‘the capacitor of the enbodinents.

AEASHEICE 4 S TR B S RN T S LS
R Y e
14 i's a sectiopgl % W o s@tRAbl dviSkP e QY lifodeRRCtHL caphcReeObEafe
| ‘embodiments.
.. Fig. 9 is a sectional view of an anode of the capacitor of the
- embodiments. | ‘
10 - Fig. 10 is a sectional view of an anode of the capacitor of the
embodiments.
Fig. 1-1 is a sectional view of an anode of the capacitor of the
_embodiments. _ _
" Fig. 12°is a sectional view of an anode of the capacitor of the
. 165 embodiments.
Fig. 13 is a sectional view-of a solid electrolyﬁic 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 séctional view -of a. comp;l_rative “example of a solid
: 'electrplyfic 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




w th exenpl ary enbodi nent 6 of the invention. 20 Fig. 15 is7a seﬁ‘tg nal .
view of a conparative exanple of a solid electrolytic capacli i bé 16 is
a sectional view of a conventional solid electrolytic capacitor.

DESCRI PTI CRCTAPTREOFZREFERRED EMBCDI MENT 25 (Exenpl ary Enbodi nment 1) Fig. 1
Is a sectional view of a solid electrolytic capacitor. in -accordance with
exenpl ary enbodi nent 1 of the present invention. The capacitor 17 April

2006 PCT/J | I ' ; _

body 15, agiudBofdvd mQE KHFE, VAVYE O Bord @ body 1Y AhiEn SRR BHD,
anode and t : e i ted.
R gy, ROeR IR EYEla L boWIRNHIANGA! BAUTAHOM, S Prbrbnl e ¢ ©

i nsul at i Ngaha¥&hnd 3atifoded ml i LiRRiRLE h 12l FRS 1 Bo | ud Bb(ﬂy,i,ﬂ’. is Fdroed ous

- v

body 12 is forned on one sideof foil 11, insulating |layer 13'is fornmed on

t he sane._shAeotRlsidesRHfEbACH iag1d B¥eNlatideil8yd01 98¢ tRls fHEmed Wil Bt SflePOr OUS
body 12 by anodi zation. Layer 14 may be forned of organic di-electric by an

el ect r o5.depPfiil iDN HpReesshodPinds dbaabd onyd idpeaif {68 11, SnéwWlat®g lapet he
surface of dielectric |layer 14 by chem cal pol ynerization 10 and/or

el ectrol yt 18 ipdbyiedi aathesamésidd oalectDRlsdteic kyer 14 is Sormed oof the
~conductive polyner, such as pol ypyrrole, polythiophene, and-a derivative of
each pol ynsurfadhefgurdustbhoady A@ pyeanddization. sdlayerelldcioayt peefdrmedr of 5,
since having a small resistibility, allows the solid electrolytic capacitor
to - have ergam¢ Hiedegfiricdiyean elesticedeperition amoeessESRolidSdiecitoldedayerolyt e
| ayer 15 15 may be formed of manganese di oxide, which is generally used for
the | ayer.1s formes oncheesunfagee of tHeleatriv dayin #trlsd bemla@gpglywwgahese
nitrate to the surface of dielectric layer. 14 and then perform ng, heat
deconpd®i t pBAOE celegfgolytic polymerization.. Solid electrolyte layer 15 1s 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, allows the sohd electrolytic capacitor to-
have a small equivalent series resistance (ESR). Solid"‘électrﬁlyte'laYei' 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.
| 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_-al result,,_"a._.'capacitqn element _c‘a'n_b,_e easily accommodated in
- the solid electrolytic capacitor. |
Polythiophene and its derivative can be formed wasﬂy into a solid
" electrolyte layer having a large heat resistance, thus providing a capacitor
25 haviﬁg 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




surface. Polypyrrole and its derivative can be forned easil ‘%‘nt oB film
having a 20, uniformthickness, thus providung a solid el ect W@t |€ | ayer
having a uniform thickness. As.a result,..a: capacitor elenment can be
easi |y acpgmypdatiesein .. the solid electrolytic capacitor. Polythiophene
and its derivative can be formed wasilysinto a solid electrolyte |ayer
having a |l arge heat resistance, thus providing a capacitor 25 having a

| arge heaf, resistance. Cohlectaor |aye f : Lve
paste 1o TRpRRirR 08 Sy S Poxy oo alBERS /B0 A0, GORIIERLTC
resin 17 Ls.forned of 17 April 2006 PCT/JP02/10927 thernoset resin, such as
epoxy, or ernopl astic resin having a | arge heat resistance. The

conducti.ve po ‘ ' i Zz.ai i 0y S s} l4
CPactrol yre | o RIERR BULHIGTIG R e By IREARE! LBl OFRibRTorR0 the

allow ng LAeg ;‘i’é&%ﬁ%@%&@ﬂhi n8 WALk LA tH vARKE rRetal S0 68Nyt 3RGE -~ -
efficiently. The conductfve polyner 1s fornmed continuously on the surface

of the; dRbRSAEi fife | 811 BlecBlotRiiE ObabditdiolthTaeald Olargd Nepabititicd N
the solid electrolyte layer having fine-grained texture and a

hi ghl y- pr gffRgéht¢ coating. 10 The solid electrolyte layer intimtely
contacts the collector layer, thus allowing the solid electrolytic

~capacitor to Maecéhdudive poRménasidotmad chdtimamsdyf oal thd surface ofighal
ot her-than valve netal is electrically connected with foil 11 of val ve.

met al . Anditdestxicelapdr ther rdlaetrolytiko polymbrientional thusc proeiding thet solhdode
|l ead 18. A lead portion nade of the 15 valve netal is easily oxidized at
the out si diectifolyieusiyan hasing fibe-gradned dexture kedox hdghbtbratectiveecoading.
port! ;)(;] | "-SI‘hSeO 221?((13 tglgctt:r?ﬂ;tgoii:y;xtiggigﬁelteiyercrgnggclzts; 19:he- collector layer, thus
o allowing the solid electrolytic capacitor to have a small ESR.
Anode lead 18 made of aluminum or metal otber than valve metal is
) {elbctriCally'-conne'cted with foil 11.of valve metal. Anode external terminal .
' 19:is electrically comnectéd with anode lead 18. A léad 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
ol 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-oﬁt 18 made of the 'aforemeptioned matérial—- prevents anode lead 18a: -
from ]:.léiVing a strong oxide film having a large .resistance formed on 'the_: :
surface of the lead 18a, thus éllowing 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




t hr ough anode | ead 18. Cathode external termnal 20 is elec iclglliﬁé
connected to collector |ayer 16. Both anode external termn | AR ]
cathode external termnal 20 may be forned.by plating or the |ike. Anode 20

| ead- out TECTYEHe2/vd92rhe af orementi oned material prevents anode | ead 18a

from having a, strong oxide film havingéa |arge : resistance formed on.the
surface of the lead 18a, thus allow ng anode | ead 18 to be easily connected

i th anod i nale 19 1 Next . { had- J
capact tor ToFeB Bkl RhARnE? tilietbind I DOl SRAEAGONILRTot e |

of the anqgkg, of the capacitor including valve netal foil 11 and valve
“metal porous body 12. Porous body 12 may be 17 April 2006 PCT/JP02/10927 6
formed by SCr CeReRf, i ikttyn dh PR, MhoddWAIROR! LiihlaBiAdageMbEdhade ot he
| i ke.” Next, .as shown in Fig. 6, "anode-cathode Insulating layer 13 nade of
. epoxy, Sidgos9NsiiRShMiest, dN€hé 1R, ik FohREARE e IAE HEAHIOSE thoOAnBHet he .
-anode efficiently by screen-printing, using a dispenser, dye coating or the
l'ike. Bn FfficiehitlyViey YereBRlRinfiaEOUSINpOs Mishbénksr, dge wodtiag drah 1idles of
valve netal foil 11, and anode-cathode insulating |ayer 13 is accordingly
formed on -: bolih Fsg.06svalle fraetal Ipbrolif beds oL idfahnetlPon ot sitkd sfiwaive si de
of foil 11, insulating layer 13 is formed on the sane side only. 10
| nsul at i ngmbktaldbillA, may dmdearathddainarlatingleger 13 is agoerdingly forfnoedred or -
after solid electrolyte layer 15 is forned. In the latter case, insulating
| ayer 13lWabhnsideafafefoildibl elft porwusabedy 12 &ntbrewdd dnednesidd of doil aler 15
are renoved fromthe | ead portion at which insulating |ayerl3 is supposed
'to be fof“ﬁééﬂfttmia}mﬂérlsﬁgéméﬂm theesaghesideconlyui ting: -1 f bei ng formed
after the
10 -

o Insulating layer 13 may be formed after dielectric layer 14 is formed or -
after solid electrolyte layer 15 is formed. - In the latter case, insulating layer
13 formed after dielectric layer 14 and solid electrblyte-la.yer 15 are removed
from the lead portion at which insulating _lgyer. 13 is supposed to be formed
can furfﬁer prex.rénts"‘ the -Shdft@ciréﬁiﬁﬂg; If : being’ forme.id.' after ihe
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 dieléctric.._ 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 layer 14 by chemical polymerizétion, electrolytic polymerization, or

- .+ heat decomposition of manganese nitrate.




. lectric layer, insulating |ayer 13 can be formed of material . whic
#gy dim?f 2ct t he fgrmation of the dielectric layer. This exﬂgn&fﬂ&o@@ectlon
range of the material, thereby increasi RY. productivity of a solid _
electrolytic capacitor. Next, as shown in Fig. 7, dielectric layer 14 is
fornmed on the face of 20 valve nmetal porous body 12 by anodization or
el ect r o- deposi t1'¥n ﬁﬁ%‘e&%@ PUEMe Izt @llewe| éberithlv(\:hkﬂ%'l sanﬁdt]zﬁat&cﬂfd

[ S | ) li.d, electrolytic capacitor, while. the
Bl ect ro- deghansf fistdedhptmarbonal onn popant obippled dlestsictty dbytie:
capaci t or X1 as._shown i.n Fig. solid electrolyte :layer. 15 made of
thg 25 com WW&’@XW@@M@E@@%M@@@SB@@ layer tiebseadibee of
[ [ 14. i.cal, pol.ynerization, -electrolytic . _ :
pol yrer | 2o PBHOEE" B ReBE thsCpa Y EreriqatiamghimBeevidos the eolid Ployiralyte200

ical. ' i.on, all the .thickness of the solid '
(73I e-(l:-{uraoﬁg'?g?"f%y%&%{%geﬁ’@lﬁ“ ?%%‘%%P?’ﬁr?%ﬁ,ﬁ?& % @?ﬁmgbﬁtﬁibﬁﬁib@mbl ;ac% Li c: :[azer
I C ' i.Qn, th || owi n he thickness o e

o be casi 1y St ST Ah BE ol eofledter drg 5 G oari owttecot he

[ ' X L1ih.a spall yvariatjons,of the thickness fro
bat ch to by ah IRbE dadkh N6 wilcg: bt i Boadirtivaipesta simdarty foa on
t he Surfacéoﬁentﬁﬁ{dlﬁ)fﬁl;&éiﬁifo' yte layer 15 with carbon I%_nd cggdug'ﬁllo\ég- lpg:'éle
simlarly to a conventional process. Next, as shown in Fig. ,

18 made of al up r Lk h 0 ve net is formed at | ead
porfmaon of 't hemaér%{:l%? S]&nogell?gfilg' i?BgﬁgQ;%%dﬁgrlﬁ? eggfw?ugs)%mpt | ayer
oxpose o ornerlibith, villfe SREML ik folindd ot b 1ARURI R GV hlodst 'RidRIGNT, |
resin 17 i 18 meajeboformed before dielectric Iayer 14 is formed.

Next, as shown in Fig. 11, housing resin 17 is formed to expose an end
of 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
- external terminal 20 a.re férmed by eIectropIatiné or the like.- .
| The process above provides the solid electrolytic capacitor having good
- -electrical 'charactéristics. |
20 o
N _(Ex_emplalﬁi Embodiment 2) = =
| ‘Fig. 2 is a sectional view of a soﬁd electrolytic capa;citor in accordance
_ Wlth exemplary embodiment 2 of the present invention. Tﬁe capacitor of
the embodiment is differentiated from the capacitor of gmbodiment 1 shown
25 inFig. 1in cathode lead 21. | |
~ Cathode lead 21 electrically connecs collector layer 16 with cathode
 extornal torminal 20. Cathode lead 21 is made of materisl of anode lead 16,




‘thernoset resin, such as epoxy, or a thernoplastic resin hayin '
heat 16, resistance. Next, as shown in Fig. 12, anode ext v’/ n%ﬂgnlgé)[)&\ nal
and cathode external terminal 20 are fornmed by electroplating or the Ilke.
The pr ocesf% )@ JabpVvi des the solid electrolytic capacitor having good

el ectrical aracteristics. 20 (Exenplayy Enbodinent 2) Fig. 2 is a

secti onal VI ew of a solid electrolytic capacitor in accordance Wt h

exenpl ary .enbaqdi nent 2 of t e .pr or of

t
enbodi mentl-8-s2lYPHPEIE AT MAt Otl%eaﬁ?l@ﬁéfaé‘g%glgrélgp %0%@@53 i %I&D&l
Fig. 1 | ead t hqde | 21 t L
col I ot or A8 %w%%reéfmn@iéq 5ap eepme POy ER aiathfl s
made of material of anoge l.ead. 17 Apri %006 P éJPOZ/ 0927 811:
al um num G LR oEHREEDY HEY yg; ﬁ’é?cflssesAﬂ RATBYALPRLRE +8F ARACIRE and

Ctep,  thor g, %Ee.rm ReRR R bl B R R T AT S B
the 5 Cou SaBeopE it %%1%8%?21?79%%8?@%@%%95 Aniibhad wlih, SHRRRE, -

cat hode Agg{) It{‘ 20. The capacitor of the enbodinent is
manuf act ur y processes 'shown in Fig. 5to Fig. 9 of enbodinent 1, and

then by a procpss c@halipsbf the EAIIAHGent ?@&a%%faébﬁr&%?%ﬂ?cés%@ﬁ’ shéwiRy be

&
formed at any .stage after c? 'ector layer 16 i1s forne nd before housing
resin 173 F@‘fﬁﬁ:@-Fig. 9 of embodiment 1, and then by a process of forming cathode

lead 21.

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 Thé ‘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 layers 16, r’espe_ct:ivel___‘-?,';_

- .-shown in Fig. 9 of embodiment 1.

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



- (Exerrp_llary Enbodi nent 3) Fig. 3 is a sectional view of a
el ectrolytic capacitor iii. accordance 15 with exenplary" en@o%?rﬂre?ﬁp63 of

the present invention. The capacitor of the enbodinent is differentiated
fromthe cepaeipoonoddd ustrated in Fig. 1 -of enbodinent 1 in including
stacked capacitor elenments. The stackedg capacitor elements provide the
~solid electrolytic capaci tor vm t h-a | arge capacitance. Additionally, a

e fous. r ob) JESheaNeniagd DeRABE Molintt SRR 17,6 HiReEnanD MRl ndde "™
three. Capgﬁfetrﬁﬁ} Fer%ﬁiz %fga%ﬁgfle g%qrh%% F%}imft%al %x; R %noeé hree. More

capaci tor rovi or With a larger

capactLance a5 Sy T ANARL e BRI Sl (1o

st acked capaci or ned € process

col l'ect of IpehelGs aTIERRSENILIA 1538 B Yok efl dhei) Of enbodi ment 1. Then,

by the sanme processes as e nment ano | ea 8 is formed 17 April

2006 PCF/ JPO2/ WIRAE Radis Ba ?e&% ¥ Emb@arhBry EhQ%ei&'ﬂﬁb%y@F%“fo%ﬁléds

formed, and then, anode .exte termnal 19 and cathode éxternal term naI

20 are for ﬁgwoﬁﬁﬁdﬁyrbﬁﬁg s HﬁMdQQeﬁ&rdl%E@h&P‘l@e[@ HoRBoRARGE bhBY sf %mgt S

are stacked. This process allows anode |lead 18 to be. forned easil

Anode | ead shéceaBihgdgrdcasdsdblie hmb%uheesid@hﬁc‘gb FioCthledé@lacitdr f—)lli’lﬁ@ﬂts due
Previously form ng the anode | ead at each |ead portion not only sinplify

‘succeedi ngtp moadsnich] divéssatasedeiiifaanaigTge anedeheadapdhis groeésymemhs due
to nmechanical stress caused in formng the anode | ead. This process can
ther ef ore thorfasadcdegrsedhigradatidn ofishardcteristice of afcapacapaci tor. 10 The .
capaC|tor of the enbodi nents includes the anode | ead havi ng one L
10 - The capacitor of the embodiments includes the anode lead havmg 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 ﬁorous 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




end just exposed to the outside of the housing resin, whil e](;[v‘ge.1 .
conventional capacitor includes a lead frane that is bent pri ?:Qogart of
the surface of the housing. The capacitor.of the enbodi nents can incl udes
mor e capacpdpiipoe/iglelenent s stacked than the conventional capacitor. 15 The
val ve metal porous body may be fornmed agp one surface of the valve netal
foil. In this case, the anode-cathode insulating |layer is fornmed on the

i de of the | tion ' t.h | S, f . ;That i.s, th
ot her si eSO dveRe Toebus etk St Snfiing el SRE%eds OftasiBly | ayer

thereon. T iseﬁ%ruga? :]lirg1 al hovxés re capacitor elenents to be stacked, thus
20 provi di Smt S G et ’W&Iiﬁic capacitor with a. small ESR (Exenpl ary

i accor dance AP BB rFFOURE Baa Pt ing (iR s HpBLar b ArubhimatPar, L°'

ROEPEE e S e e g v

lid S 3 16 is f d t he.
cuter Surt oy eBes NS B e, PPl RaRRh B R o el et rolyte | ayer s
15 of a st acke@‘h@ﬁfﬂmﬂﬁﬂycﬂonambbgiﬁéﬁ@Ii,e@oﬂ@a%'fi1tagér 19 A RSBt ArdRd Via
| ayer 15. According to a fmethod of manufacturing the capacitor of

‘enbodi mentledd 1R forRRdl dtUach! 1858 PostibACh@simg weld d7ak goimed yasd thyer 15
formed through 5 the process shown in Fig. 8 of enbodiment 1 are stacked.

Then, si m dedde/etteripditeeniRal 19 and GatksdOexiernal tdinirm] 20ramdormedde | ead
18 is forned at each | ead portion, housing resin 17 is fornmed, and then,

anode - ext er nal Anedeidaal 18 taarisk foahtuadecford thaedpdcitarielanedbanee Stacked.
Anode | ead 18 maybe forned before the capacitor el ements are stacked.
' 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 éxeinpléry' embodiment 5 of the 'prééent inverition. :The capacitor of
- 15 embodiment 5. inclﬁdes second solid electrolyte layer 30-on a solid electrolyte
layer covering the outer surface of a: stacked body including the stacked
elements, while the Capacitoi' of embodiment 4 includes capacitor elements
stacked via solid electrolyte layers. This structure provides the '.g;ta(;ked
body_ with azlarge mechanical strength.
20 According to a ineth_od of manufagtu—ring the capacitor of e_rribodi-mept 5,
: _tﬂe (':fapécitor-eleménts are. ,stﬁcke&. after’ sélid_ elé(}trolyte layer 15 is formed
-through the process shown in Fig. 8 of embodimentrl, and then,' second solid
- electrolyte layer 30 is formed on the surface of the stacked capacitors,
Then,-similarly to erﬁbodiment 1, collector layer 16 is formed on the
25 surfaée 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.




10 This process allows anode |ead 18 to be fornmed on each et%éF§F20885|ly
(Exenpl ary Enbodinment 5) .Fig. 13 is a sectional view of "a

‘el ectrolytic capacitor in accordance wth. exenplary enbodi nent .5 of the
pr esent i nPERIPOL1092he capaci tor of 15 enbodi ment 5 includes second solid
el ectrolyte Iayer 30 on a solid electrolyte |ayer covering the outer
surface of a stacked body including the stacked elenents, while the

orbctrotyte | soarabTRRl dbe B8 HAF oS HRRGLE Ho R T eaECKERAR 2R LT
mechant cal oGiEERgt i %60 HligHs bilod TEANAY 6 biADHARR'H bAth bnent

capaci tor odi nmen e capacitor elenents are stack solid
el ectrol ytg,dipyer 15 is formed through the process shown in Fig. 8 of
enbodi'nent 1, "and then, second solid- electrolyte: layer 30.is fornmed on
the surface of the- stacked capaci-tors. Then, .similarly to enbodinent 1,
col |l ector Iayer 16 is forned on the 25 surface of second solid electrolyte

layer 3, enedeplegdholismbatgpd. at each |ead portion, housing resin 17
id forned, and then, anode external termnal 19 and cat hode ext er nal

termnal 20 ar @ig. ar4Bda séctidnal vieR060a B6Id SRZFAIPHE Gapdcitdniiigcdoedgnaut 18
may be forned before the capacitor elenents are stacked. This process

al | ows anodith eacmpdaityoehdddimend & of ¢he prebaneiverdsin.y. The cEpadapiraoyy
Enbodi ment 6) Fig. 14 is a sectional view of a solid electrolytic capacitor
i n accor dasmdodiment éxamlhdes: cepbathmeleméntsfsthibked vas ahieldchriedayen14The
capacitor of enbodi nent 6 includes capacitor el enents stacked via

di el ect ri cwhalgethel gapaciivt of exhbodiapadi 8oshayin dnbBifi. i rincidel caveathods g. 3

~includes a cat hode
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
_ _,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




~ That I's, according to enbodinent 6, solid electrolyte |aye

10 portion of each i | i | . |
O portion of each capacitor element is stacked via coll eth{éBaf/@rOPorned

at | east on exposed surface of dielectric.layer 14 of a stacked body
i ncl udi ng gdwg p@pameyor el ements stacked via |ayer 14. According to a
met hod of manufacturing the capacitor ab enbodi nrent 6, 15. the capacitor
el enents are stacked after dielectric Iayer 14 |s forrred at the process

fZPZﬁ”Sa'OPyF' %Pﬁif}eﬁlagee Pl Bhmoind oI dlgsPettat aPS‘F SEa000TBEY. |h ge;}f%lllfidhé
7
ent gf n??t BB SRy 3OS, aDRleole o TickprRey ok /10y toTBO, Afidops e gnode
Al h
|2§ﬁre lliagﬁél%%@@ﬁ PR hERERE ok ABufE anoé%rﬂﬁal&ﬁﬁ?@ﬁ?‘&“‘%@ ???‘ﬂg fon’
1 d
PR o STRh PR diin TRl B @@*Q‘?’&oéﬁgﬁp o baaal i RRPGLL Wi LS Spnds 1O

powder ghayl 2}@ fHheaverage 17 April 2006 PCT/JP02/10927 12 particle d| anet er
of 0.2m and a nom nal capacitance of 100,000CV. Then, the material was

applied in a toLckpess %faslﬁggﬂerageé?q}lhnﬁ:&'fcf §€1ﬁ6s§ﬁer@ at %nhﬁhﬂé‘@aftﬁté ofi th a "

t hi ckness of 2bmwth, a neta having a hol'e of 5mm by 3mm f or ned
therein. UY®PrC, bha ﬂ@@mhwﬂafkeulm%%u@m # of eerhSrathrd 681300008, AMwleanode

was degreased innitric atmosphere at a tenperature of 400C, and then was
baked in \a¢hode ahsdat@IiFPRiyat IE wels hsRaE of\nididene at a lead portion of the
anode. ‘Then, dielectric layer 14 v?as formed 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: | B - |
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 %‘%Wmﬁ?&ﬁ? . e’%@ I'm ar1 I %gtagde%gen%@ E’?t%%%@é&i?@%%?f@ was

f or med xat I i f od . :
“for rred50n v@%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 7.3nmm

' - (Example 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)




by 4.3rm by 0.5mm). (Exanple 3) 10 Exanple 3 of a capacitor__corre nds to
the capacitor of enbodinent 3. Simlarly to exanple 1, fo 7%@‘3@?@Bgor

el enents i ncluding anode | eads 18, respectively, are stacked. Then,

housi ng 17 made of epoxy was fornmed so asifo cover the stacked elenents.
Anode external t Erm’ nal 19 and cat hode external termnal 20 15 were forned

on each side sur &8 f34|”féiﬁ$Dﬁgaditobyomésﬂdm.to‘i;he@apggitggof\@ﬁbggﬁ%gﬁm_d to
provi de the sol Ing el.ectrol ytic capacitor (having a size of 7.3nm by 4°3mm
by 2.0m): (Exanpielarlyy eseanpleelnivie eapaaitac ble@ierﬂﬁﬂ{@ﬁﬁ? BEEd hedifilyte
capaci tor ofy; enbodinent 3., ..Simlarly to exanple 1, eight capacitor
el ement s hatPREEE ﬁeFﬁSBPFt&Y@b’smﬁ ,Stesléﬂtt iOﬂgcton/\Hersﬁfaﬁlﬁg%nﬁgQ%ﬁ #ipad
18 was-forned at.a égﬁd portion_ of each of the stacked capacitor el enents.
Then, si mi I' &1 kBerstacked ehements.i dTkémcsinglatly docapatplon, WS solid-
pr ovi deds(hé i q;g @ts-i ze of 7.3mm by 4.3mm 25 by 4.0nm . xanple 5) 17 April
12006 14 °Ex \r#%(f O \5; capactioncwesr prided thavingt a dite of nagith By @ 3mm bgr
olid

enbodi nment 411 Si)gn' larly to exanple 1, nine capacitor elenments having
el ectrolyte %?‘é’f" 15, respectively, were stacked. Collector |ayer 16 was

formed on the -surface of the stacked elenents. .-Then,. sinilarly to
exanple 1, the solid electrolytic capacitor was provided (having a size of

7.3mm by 4. gﬁg;i ﬁ% 5nmm . (Exanple 6) Exanple 6 of a capacitor corresponds
to the capacitor 1‘1J’é%rrbodi ment 4. : '

| Example 6 of a capacitor corresponds to the capacitor of embodiment 4.
10 é
A
| , ) ed. Solid electrolyte layer 30
made. of _polythidpheng derivative was formed at least on an exposed outer
L a_s'uvrfaééof sqii‘d electrolyte Iayer 15 -di3p63ed on the ‘stacked elements ﬁy
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 wa's’provided (having a size of 7.3n:;m by 4.3111111 by 4.5mm). |
20 | |
| (Exangple 7).
- example 7 of a capacitor coi'responds to the pﬁpacitor of emﬁodiment 6.
Similarly to example i, ten cé'tpacitor. elements haviﬁ‘g 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 étacked elements by che.mical

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




10 Simlarly to exanple 1, nine capacitor elenents having sqlid electrolyte
| ayers (not shown), respectl vely, were stacked. Solid el. ect?o‘f‘%lezoﬁ yer 30
made. of pol yt hi ophene derivative was fornmed at | east on an exposed outer
sur f ace- of peDlJPd2/ed@yt rol yte | ayer 15 di sposed on thestaeked el enents by

15 chem cal pol ynerization. Next, collegtor |layer 16 was fornmed on the
surface of the stacked elenents, and anode |l ead 18 was forned at a | ead

o o7 R AR LA o DI b Y AR i S
enbodt mon; PEUGHATEH, dE e c%gxanéf Iehergtyl " GHRAY bty o S0 Rie‘ B the"
diel ectri Csé]ﬂiz’gfe%tﬁjomé g3 aawrvaf'ag paffidd mgl%p?g sg% ot 'ﬁhﬁ:%r Jnayer

15 made of I ophene de | 'east an- exposed
out er surfg§ 5;{1,31 (Exanple .7) . dielectric layer.14 appl i ed. tolthe st acked
el ements by’ chem cal pol yneri zati on, and,then,. collector layer 16 forned
of carbgn and a silver 17 April 2006 PCT/JP02/10927 15 paint |ayer were
forned. Then, anode |ead-out 18 was fornmed at a |ead portion of each of
t he capaci (@gmgéﬁm@xaﬂﬁm) simlarly to exanple 1, the "solid.
el ectrolytic capacitor was provided (having a size of 7.3mm by 4. 3nm by
4.5mm). 5 (ConPig.albves exarpliond) vikw. of Tonfparasieet egasiplei 8wobfa solid
corrpar ative exanple 1 of a solid’

: electrolytm capacitor.

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 laot‘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 eiement 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 'comparatlve example 1, are measured in capac1tance at 120Hz, in the ESR at
‘ E 100kHz; and the ESL at 5MHZ_. Table 1 shows an average of measurements

of the ten capacitors for each example.

i
i




el ectrolytic capacitor. Coating material was nade of tantal \gg%r havi ng
an average 10 particle dianmeter of 0.2m and a nom nal capa‘ﬂ&ﬁ f '
100, 000CV. Next, the coating material was. applied in a thickness of 100m
to bot h sulPCaeB®2a092a tantalum foil having a thickness of 25mw th a netal
mask having a hole of 5mm by 3mm forned6t herein. Then, the tantal um foil
was dried to form an anode. 15 Through providing the anode wth collector
llayer 16 siem I@rly to exanple 1, a capacitor elenent was formed. Then,

ag| ng was per dto_provide the solid electrolytic cap a
size of 7.Bmm by 4.3m by Nusthey.of féackedaci t piGarasitangeh OESBxaImE%b,
exanple 1 o exanple 7] andapiitweBlenadritge expnpl duF) ar e| npeRurlednil)
capacitance @fxahgflEz {n the ESR af 100kHz; and theydghbl at] SMdz. [Taphg. 1
shows an aye f zree SUTrements tne ten Ta acnﬂg Tor ‘eaﬁp_ exafpie] 17
1. 2006| PCITIBN 10927 ( Tabl e —bf—Stac
Aprl 7 T LOP C Fable--t—to—Noarber f ed- \,ap C L@ﬁ‘z
ESL Capaci 11102064 1H Ex anple 2410378120
Exanpl e 3440¥xamples Fxanpl e 4881181 44, 13 811 4.4 413
_ Example b 9 898 40 | 4.11
Example 6 9 ' 906 3.6 412
Example 7 10 | 1017 3.0 4.08
| C];J}mparatlve 1 68 33 | 707
xample 1 : ; _

The caoacitors of examples 1 and 2 includes the same number of
capacitor eleo:lents as that of comparative example 1. | Nevertheless, the

5 capacitors of examples 1 and 2 have larger capacitances, smaller ESRe, and
smaller ESL than those of the capac:1t0r of comparatwe example 1. This is
because the capac1tors of examples 1 and 2 exclude lead frames 8. and 9

_ mcluded in the conventional capamtor.

» .
That is, the solid electrolytic capacitor according to the present

10 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 sma]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"
1_5 exte.mal electrodes 19 and 20 to be loaded on characterlstms of the capacztor |

| The capacitance increases substantla]ly in proportional to the number

of the stacked capacitor elements, while tl1e 'ESR decreases substantially in
'_Vinversely-proportional to the number of the capacitor elements,- thus

: ptoviding the measurements theoretically.

'_-20_ -+ The capacitors of examples 5 to 7 have substantially the same sizes and



Exanpl e 598984. 04. 11 Exanpl e 699063. 64. 12 Exanpl e 71010173. 04, 08 ‘
Conparative 168337.07 Exanple 1 The capacitors of exanpl es %H%l?é)oﬁncl udes
the same nunber of capacitor elenents as that of conparative exanple 1.
Nevert hel eBET/JP0h2/169Zapacitors of exanples 1 and 2 have | arger

capaci tances, smaller ESRs, and - snallen7ESL than those of the capacitor of
conparative exanple 1. This is because the capacitors of exanples 1 and 2

oXCl e (R dithantialod o SRe LgRA fh Wl (ARUER AR S MBREEL ard Do

ti
is, the s el ectrolytic capacitor accor hée resent I nvéenti on

can i ncl udgs ckbg, amggle é&??éERSr g(%ﬂ t@ﬁgﬁl 10! ¥ cHUfnk O iR i(%g@%thpgaehﬁ%ﬁ@%%

frames 8 and 9. The capacitor resent 1 nvention e sm

and the sngjalcke&Shfist Higldeetic MAYLRI1 ANsERRP heRd thyn! gad cfag%?ﬁgr@ oftnd 9

or an- ESL: provided by, anh extending l.ength of |ead frames 8

connect ed. ighplekds @HIEBNAThE RIIAUEE chPasisr 2RnichiR&thaades:t 8A carlier
characteristics of the capacitor. The capacitance increases substantially

i n_proportitagal of ftst heaufabRlring prdcess dokes rednasd tibiclodaREREvecththe the
ESR decreases substantially in inversely-proportional to the nunber of the

capacit or lelyeperdfsthd ktsckdd eldméngs. t HEhAR &S Utleneapacithie elethibag] kin RO The
capacitors of exanples 5 to 7 have substantially the sane sizes and 17
April 2006stRCEed PORIE0BR 7 Ufmited  space 'in a solid electrolytic capacitor, thus
| : prbviding the capacitor with an advantage in itscapaciténce ahd'ESR. |
Any capacitor of examples 1 to 7 are cléa'rly 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 tanfalum 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.df_ | |
- 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.




are differentiated fromone another in the tine the capacitq; é%@ﬁﬁgts are
stacked. The capacitor of exanple 7 including the capaC|torle$

stacked after dielectric layer 14 is fl8rmed nore than the capacitors of
exanples 5 and 6: This is because capacitor elenents stacked at. an earlier
5 stage of lIﬂéﬁ\%ganufacturing process has a reduced thickness between the

| ayers of G acked elenents. That is, the capacitor elenents can be

stacked noreqif in a solid electrolytic capacitor, thus
provi di ng the cggg%‘{;'@étf%wpt?ﬁﬂggﬁ advantage in its. capacitance and ESR Any

capaci tor of eaavaivesnétal doif iacladirigear valveli métal graroés dmdyhandapdead or 10
of conparative exanple 1 in characteristics. any of capacitors of the
exanpl es FAUMed due to manufact uri ng process has characteristics superior

to thegcapaci t9rdlé!éctﬁ@%r%rb%@e&’éﬁ@l&vélve%@tﬁfHd)lﬁﬁstb@d&he present
invention, the tantal umporous body is formed on both sides of the

tantal um foil . aBobd stactiedyte dayer omysaid dighectfiolayed on 15 one side only, and
in this case, f ot i de having porous body 12

all ows the capgga’ﬂ%?togragﬁ@ﬁp %E%@D@??té@ﬁe\)éy 'stacked. According to the
present invent haAancHaMA dohnscted esisdigneddiportishye netal, but it is not
limted to. O her valve netal, such as alum num niobium titanium and

zi rconi um . canaphensine foRcacrammedating SaEb mﬂmmﬂahmm|mt L$aid’ A solid
el ect gl ytdlé:f gal‘fé&élorsé}ﬁc%lm %@)I}}t@ela & écﬂl\é%ﬂ)tr' 9:1 e s.’a :ﬁesdqc?t

including a can inc an a ode avi ng
havi ng a Iam"oge leadh ik fon biaving lanfend bf 28idGarbleTead Mﬁpoéed ﬁ:onﬁawaarfaw

comprisi n%ﬁereof'
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,




a valve netal foil including a valve netal porous body and&gy&quo gortion;
5 a dielectric layer provided on said valve netal porous b & Q lid
el ectrolyte layer on said dielectric 8yer; a collector layer on said solid
el ectrolyte layer; an anode |ead connected to said |ead portion; a housing
for accommodati ng said val ve netal porous body, said 10 dielectric |ayer,
said solid electrolyte | ayer, said collector layer, and said anode |ead,
and for haV'é“gTﬂE e a&iors%'fdcléfhgd? '@?&eﬁ%%&ﬁf%ﬁédﬁ“&té ol Aefmirlaper eof

an anode externa m nal provi ded over sai ousi ng and connected wth
said end cbnﬁmsdsaqdexﬂﬁad and 15 a cat hode external term nal provided
over said housing and coupled wth said collector layer. 2. The capacitor
of claim1, further conprising an anode-cat hode insulating 20 |ayer
provided at said | ead portion for insulating between said | ead portion and
said solid electrolyte layer and for insulating between said |ead portion
and said cdl.l Ebeocapw@n‘ oRgldm Thewbersirisaid cdthodai externahierminal sai d
anode | ead i s _nade a terlal whi ch is capabl e of being plated at |east
at its suFPHE%Beﬁa‘¥ﬁEE Bacitor of claim1, wherein said anode lead is
connected to a side 30 of said |lead portion on which said val ve netal
porous body is provided. 5. The capacitor of claim1l, wherein said anode

| ead conprises alum num 17 April 2006 19 5 6. The capacitor of claiml,

whereyf sal g aRRge caXAGIIRLs (ki "R! R LbRPRishgP 2 Bthdde Bad for

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,
respectrvely, '

anode leads connected to sald lead portions, respectively;




7. The capacitor of claim1, wherein said cathode external term
conprises a plated film 10 8. The capacitor of claim1, ft}&t"{ﬁpr}@hﬂpri si ng
a cathode lead for connecting said c@Plector layer with said cathode

. external terminal. 9. The capacitor of claim8, wherein said cathode |ead
~conprises 15 alum num 10. The capacitor of claim1l, wherein said solid

el ectrol yte | agdousthgier aseompwsalipgisaid siackad body@ngissaid anade deads t or

conpri si ng, o i ly A 1.0 nts

ot acked, | 2P SRFIFESteREH RIS P RaR BHUAE 1edds BneRRPRbCE SERERT Vol ve

nmet al s f oitherieof;l udi ng val ve netal porous bodies and | ead portions,

respectively, dielectric |ayers ||El)rovi ded on sai d yal ve met(gl goroug bodi es,
FeRpeste

respectively, 3p|angde| edergl IrraninalRioyidsd QY tpid Movaing | ayers,
30 respectyinedd _r@éé[:ﬁacﬁ% Ieﬁgégrs S SHdPleaMk on said solid electrolyte

| ayers, respectiv ano eads connected to said | ead portions,
respectively; azathodd exto6aleranitaiusionigleidooverc saidnboling gnsacouedcked
body and sajd anode | eads and for having respective ends of said anode

| eads expd¥é ‘*qSHﬁﬂjgﬁWWQE% thereof; an anode external terninal provided
over said housing and connected

10 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 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.




5 wth said respective ends of said anode | eads; and a cath t ernal

~terminal provided over said housing and coupled wth said @do&”gl?toﬁ?

- layers. 10 12. The capacitor of claintll, further conprising an
anode-cat hode insulating |layer provided at said | ead portions for

insul ati ng between said lead portions and said solid electrolyte |ayers

and for insulating between said | ead portions and said collector |ayers,

esaect v g 1 Ko TRBAEL 2 Hlesihal R b BT RR BRRR Lo <
surface. géldkblledibrlagarawith @bidrtathbae BxicknaMbanpil respsttvapde | eads are
. connected to sides of said |lead portions on which said valve netal porous

bodi es are provided, respectively. 25 15. The capacitor of claim 11,
wherei5n sai d anode | eads conprise alumnum 16. The capacitor of claim11,
" wherein said anode external termnal 30 conprises a plated film 17. The
capaci t or ofi9cI®ienckbacidreovtiockaiani @, cahbede shid esathddé deatinatonmorniger | ses a
~plated film 17 April 2006 21 18. The capacitor of claim 11l further

i ncl udes RBPNGHB- | eads for connecting said collector layers with said

cat hode external termnal, respectively. 19. The capacitor of claim 18,
wherein said cathode | eads conprise alumnum 10 20. The capacitor of

- claim1l, wherein said solid electrolyte layers conprise conductive.
olyner. 21, A _capacito rising; . . .
P y-'!O T 20. 'Iche!3 calpac{torC %rfrpcllaisrh Q1, 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.




15 a stacked body including a plurality of capacitor elenments stg&%gd, sai d
plurality of capacitor elenments respectively including val vid ) oils
havi ng val ve netal porous bodi es and [28ad . portions, respectively,
~dielectric layers provided on said valve netal porous bodies, 20
respectively, and first solid electrolyte |ayers provided on said

di el ectric |23.ekhe capagiies of elaim; 21, furdiutn exopising peseoend solid ¢lesimlyteai d

st acked bqdy: anode.l eads n to said | ead portions, respectively; 25
a housi ngq?%qr pg%'gmg‘aﬁal'%éparseglgétbg’ﬂgtked body, said collector layer, and
sai d anode | eads, and for having respective ends of said anode | eads

exposed froma surface thereof; an anode external term nal provided over
'sai d housing and connected wth said respective ends of said anode | eads;

win sBa cottororopaglr Sl 2e, RRRIASHIE EbaRT ST SR E T S 21,

further coupiprisesgondaecthangolymierd el ectrol yte |ayer provided on said
stacked body. 23. The capacitor of claim 22, wherein said second solid

el ectrolyte layer conprises conductive polymer. 24. The capacitor of claim
21, further conprising an anode-cathode 10 insulating |ayer provided at
said |l ead portions for insulating between said | ead portions and said solid
el ectrol yt e 2ayd&he, capaciforr of rdailatdingfustiveneermpadsidg | eadangue-catbndeand sai d

; ;:gl Irrgg ngirha aetErig a?/er2 g:‘ov}_ eed g{;\ gg}ﬁ Iiéé)cf pgﬁio%ls%mn%alati% re?\}vgeﬁ %E\% |%28 de | eads
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.




materi al. which is capable of being plated at least at its sgéggie 6. The
capacitor of claim?21, wherein said anode | eads are connect P si des
of said |lead portions on which said vaBve netal porous bodies are '
provi ded, respectively. 27. The capacitor of claim?2l, wherein said anode
| eads conprise 25 alum num 28. The capacitor of claim?2l, wherein said
. anode external termnal conprises a plated film 30 29. The capacitor of

claim 21, L0 Sa| exter t film
17 hpr 1 2008 2 e RAiS, Sl 21, Rkl BBt R A 1P 1B
cat hode | eafnédting s aekddtordagan Witls shidegithodé axinalitéimisal. d cat hode
external termnal. 5 31. The capacitor of claim30, wherein said cathode

| ead conprises alumnum 10 32. The capacitor of claim 21, wherein said
~first solid electrolyte layers conprise conductive polyner. 33. A
capacitor conprising: 15 a stacked body including a plurality of capacitor
- el ement s st @dkethe sapcitpt wf adlainy 30, whpszint said etathodé sleadspamprises vy

i ncl udi ng Kﬁgve nmetal foils including valve nmetal porous bodies and | ead
portions, 3MQPERY | vel y, and dielectric layers provided on said valve neta
porous bodies, 20 respectively; a solid electrolyte |layer provided on said
st acked body;

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

comprise 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




a collector |ayer provided on said solid electrolyte |ayer; n | eads’
connected to said | ead portions, respectively; a housing fowg% dating
sai d stacked body, said collector layed, 25 and said anode |eads, and for
havi ng respective ends of said anode | eads exposed froma surface thereof;
~an anode external term nal provided over said housing and connected wth.
sai d respderiiones andsait selid glegholvde lavsisand fer iasdlating hetwaere saigl leedr i nal

"provi ded (ﬁ/o(?{i o?‘%"gﬁ’ glgli%s‘ié@gc?}ml?ﬁegppl ed 30 with said collector |ayer. 34.

The capaci‘tor er conprising an anode-cat hode insulating
| ayer provided at said |lead portions for insulating between said |ead 17
April 2006 24 portions and said solid electrolyte |layer, and for insulating
bet ween said | ead portions and said collector layer. 535. The capacitor of

- claim 3s, mﬁseirﬁe%%i dRRO8E clafRAdss, @hgfe?fgggidrggaaé%é O}r@gfa*agiéf_ gapabl e

of being plated af ast at 1ts surfac capacil | ai m 33,
wher ei n sandtesinbehichéadapalble of teirerplated at 128si atdls suffagai d | ead portions on
whi ch said val ve netal porous bodies are provided. 37. The capacitor of
claim 33, wherein said anode | eads conprise 15al um num 38. The capacitor
of claim 33, wherein said anode external term nal conprises a plated film
20 39. The capacitor of claim 33, wherein said cathode external term nal
conpri ses a Pb.athalcapaciior 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.




25 40. The capacitor of claim 33, further conprising a catqﬁg§ Hﬁ@ﬁéfor
connecting said collector layer with said cathode external PH . 30 17
April 2006 25 41. The capacitor of cldbm 40, wherein said cathode |ead
conprises alumnum 5 42. The capacitor of claim 33, wherein said solid
electrolyte |layer conprises conductive polynmer. 43. The capacitor any one
of clains 161.2De x@pagitor ffidclam dhewbiereinasaid cathedadieadi cempesssrer
i ncl udes gﬁhﬁg&ﬁ{ole or its derivative. 44. The capacitor any one of clains
10, 20, 23, , and 42, wherein said conductive polyner includes
pol yt hi ophene or its derivative. 15 45. The capacitor any one of clains 10,
20, 23, 32, and 42, wherein said conductive polyner includes conpound of
pol ypyrrole or its derivative with polythiophene or its derivative. 20 46.
The capacit gn afy,0 -l ad 10, 220 1132 i 42 i n . d
'condu?%)i ve glgl y?rﬁ? ?gpé’%troﬁegf lr)r(?/a'g:’ﬁe%g’cy@%’Py%Pﬁ%"?oﬁ!%@iﬁ%. Ia%%r;
capaci t or camprises cofdudtvemo@er.20, 23, 32, and 42, wherein said
conductive polynmer is forned by electrolytic polynerization. 30 48. The
capacitor any one of clains 10, 20, 23, 32, and 42, wherein said conductive
polymer is foormed by chem cal polynerizations and electrolytic
pol ynmeri zati on.

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 élaims 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.




ABSTRACT A capacitor includes a valve netal foil inC|udin%b§Pvﬁ%%€ met al
porous body and a |l ead portion, a dielectric |ayer provided— il al ve
nmetal porous body, a solid electrolyte layer on the dielectric |ayer, a
col | ect or PAyBro2ai992he solid el ectrol ygé | ayer, an anode | ead connected to
the |l ead portion, a housing for accomodating the valve netal porous body,
" the dielectric layer, the solid electrolyte |ayer, the collector |ayer,
and the anode |ead, and for having sgicppd @f the anode | ead exposed from a
surface of the housing, an anode external term nal provided over the

oxt o nal ter minaE A e s e et o IR BT B0 R PPRE et or
IEg{ er. Theoagad & Mad Fortibn, & diBldeRAataf widell SiBhd vANE manf parss! |
’ body, a solid electrolyte layer on-the dielectric layer, a collector layér ‘on the--
5 solid electrolyte layer, an anode lead connected fo the lead portion, a housing
for accommodating the valve metal porous body, the dielectric layer, the solid
electrolyte layer, the collector layef, a-nd the anode lead, and:for having an
end 6f the anode 'l'éatli'. exposed from a surface "bf"it:he 'housihg, an anode
eXfé-r‘I’lal tefzﬁiﬁal provided over the .'housing and 'Cox.me.cté_d with the end of
10 the anode lead, and a cat_hodé éxternal térm’inal pfoﬁded over the housing

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

a small ESR, and a small ESL.




