6 June 2005 1 DESCRIPTION Solid Electrolytic Capacitor and Its e 5005
Manuf acturing Method 5 Technical Field The present invention rela esq a
solid electrolytic capacitor used in a variety of electronic equi pnent and
a manufacturing nmethod thereof. Background Art 10 FIG 30 is a perspective
view showi ng the structure of a i lid electrolytic capacitor and
FIG 31 is a perspective view shg@mhgg@ﬁteneﬁostructure of a solid

el ectrolytic capacitor elenent stack unit. In FIG 30 and FIG 31,
capacitor el ement 50 is an anode body conposed of alum niumfoil, the

al uni ni um bei ng a>Yad Fecralyon Gapeaeitor andiltyManidacturing Madod nenber 15 50A
and cat hode nmenber 50B. Further, cathode menber 50B has a dielec tric oxide
filmlayer, solid electrolyte | ayer and cathode | ayer (none of these are
shown i® t hpeckiay® Figgd Stacked on top of each other in |ayers on the sur-
face thereof in succession. Capacitor elenent stack unit 51 is constructed
as descri bed bel oWhe 2@sand)inyYerdmmdredatiey do si solat elzasiobytinotpahtonmsed

drawi ngs) is appljed. onto cathode unit termnpal 52 to jojn wth cathode
member SOBID 3 ApHeh Mhelc e SauSHRe At ERER ctyraes msthed RFAL i s | of nod
wi th cat hode nenber 50B by applying a conductive silver paste (not shown

in the drawings) thereto. 25 3A) By repeating the steps 1) and 2) by a
plurality Bhckgmesd Aatplu- rality of capacitor elenents 50 are stacked on
~top of, each other _in |layers. 4A) Then, respective anode mepbers 50A of the
plurali@y of ca- BHe&i 8BS @ reFeprcdivsovisreshawiagrthe siructiseet adrigriait anode
~unit term I 0 i1 e - Nl , epared, a
Solid 50 N Prondtyt®heRpatd BioCa BN pR B en anb e B Foue
wenber 50BstaictaapelCa kolid el amilitis tagdcithridlerddnt Sack ahitednFIR JRikdde | ead

frame 54 via_ a conductive silver paste (not shown 6 June 2005 2
FIG. 31, capacitor element 50 is an anode body composed of aluminium foil,

the aluminium being a valve action metal, and divided into anode member
15 . 50A and cathode member 50B. Further, cathode member 50B has a dielec- .
tric oxide film layer, solid electrolyte layer and cathode layer (none of these
are shown in the drawings) stacked on top of each other in layers on the sur-
face thereof in succession.,
Capacitor element stack unit 51 is constructed as described below:
20 1A) A conductive silver paste (not shown in drawings) is applied-
 onto cathode unit terminal 52 to join with cathode member 50B.

2A) Cathode member 50B of another capacitor element is joined

/..
A

with cathode member 50B by applying a conductive silver paste (not shown
in the drawings) thereto.
25 : 3A) By repeating the steps 1) and 2) by a plurality of times, a plu-
rality of capaciior elements 50 are stacked on top of each other in layers.
4A) Then, respective anode members S0A of the plurality of ca-
pacitor elements 50 are integrally connected with anode unit terminal 53.
By using capacitor element stack unit 51 thus prepared, a solid
30  electrolytic capacitor is consiructed as follows: .
5A) Cathode member 50B of capacitor element stack unit 51 is

joined onto cathode lead frame 54 via a conductive silver paste (not shown




in the drawi ngs). 6A) Another capacitor elenent stack unit 51 is E‘}n%%&d on
cat hode nenber 50B via a conductive silver paste (not shown in ? e

drawi ngs). 7A) By repeating the steps 5 and 6) by a plurality of tines, a
plu- 5 rality of capacitor elenent stack units 51 are stacked on top of
each other ;in . pi I“%gs 8A) Respective anode menbers 50A of the plurality of
capacitor el Shert” StHek units 51 are int egrally connected with anode | ead

frame 55. 9A) The ) Mhalhet ¥apicifRRASKER stBLIE MR 5 BiAGK kY b8 cathodke
encapsu 10 lated with an insul ating packaging resin (not shown in the

drawi ngs) memebert 0l vigay casdysdive sifver pagednptvshamoiteteedrdwingsye 55 and

cat hode lead fra is exposed on the outer surfacges of .the insulating
packagi ng resin. n&ﬁg%ysfe??tg’gc@Ség%eﬂﬁ@é {Wiaem“ lté{rﬂ;{tﬁ@FS’&rPfﬁ‘F art
sol i d %ec-ramrycafyédspgcﬁapererﬁém sBickUsHHY $f afl %tfa@%&i"%)foé 5@%@%@%8“0% 'n
FIG 30. FIG ™~ 15 33 is a perspective view of a capacitor elenment used in

the solid eilestrolytic capacitor of FIG 32, and FIG 34 is a perspective

vi ew show ng hOW% g]!iural ity of the capacitor elements are_ stacked on top
of each other in B&)eResPegHYE 79Qdr aembeEE PRAPE thenplirality of capapitoro FI G

34, capaci Lk, & SPRM L mf Falaerﬁn?é‘éggﬁ l&ggﬂectg@“ﬁﬁ{ {?o%e%: @kfﬁ%enﬁj.m foil (not
shown in the draw ngsli, the &l Umihi UM bel ng a valve actT on ne al, and
di vided into anodeAnerieplldlignef cajaeitde ereendfrstadOubiys sﬁwb@ha%;smesi st
part 58 after a dielectric oxide filmlayer (not showmn in the drawings) is
formed@n tated ith ap tngating pagisgmbmsin (rmj:raswevn, ingthegdrawings) dotsueh yt e

| ayer and ode own in the draw n .25 are

stacked ong'ﬁ)% %’fp Aergéﬁrr%{ﬁ%g{rw? %L?é\é;%rag fgérj%ﬁ? ﬁg a\éﬁir(‘;agl&% eo]feag?fmar{%‘g?r}ﬁnber' 60
i succ_essbmsed\oﬁama@umrs@f@amﬂsetaghlamgyp&kagiln@re%.i s constructed as
de- scribed below. 1B) A plurality of capacitor elenents 56 are stacked on

top of each 30 oFHer 3Znis| ayeess-dentisnalhviewnay aasticavpnier arfoudidreleber 59
G sposed o BRSF 80001 O SHHL SRS L oSS SF R T RS,
cat hodes | e38lifa Penfpeéfide view of a capacitor element used in the solid electrolytic -
capacitor of FIG. 32, and FIG. 34 is a perspective view showing how a
 plurality of the capacitor elements are stacked on top of each other in layers
on anode/cathode lead frames,
In FIG. 32 to FIG. 34, capacitor element 56 is an anode body
20 formed of aluminium foil (not shown in the drawings), the aluminium being
a valve action metal, and divided into anode member 59 and cathode member
) 60 by providing resist part 58 after a dielectric oxide film layer (not shown
in the drawings) is formed on the surface of the anode body. Further, a solid
electrolyte layer and cathode layer (none of these are shown in the drawings)
25  are stacked on top of each other in layers on the surface of cathode member
60 in succession.
A capacitor element stack body of FIG. 34 is constructed as de-
scribed below:
1B} A plurality of capacitor elements 56 are stacked on top of each
30  other in layers in such a way as having anode member 59 disposed on both
upper and bottom surfaces of anode lead frame 61 and also having cathode

member 60 disposed on both upper and bottom surfaces of cathode lead




3 frame 62. 2B) Respective anode nenbers 59 are joined integral I% wﬁéﬁ%
anode . lead franme 61 by resistance wel ding. 3B) Respective catho & ers
60 are connected integrally to 5 conngcting nmenber 62A provi ded on cat hode
| ead frame 62 on the side sur- faces of capacitor elenment 56 extending in
the thickness,fiksection thereof via a conductive silver paste (not shown
in the draw ngs?.' Addi tionally, connecting nmenber 62A is fornmed by bendi ng

part of a flat neByaesptctiad HusiR heatety 890:rSihed htdgral §WitARGlo8e 10 By
usi ng the capacitor elenent stack body of FIG 34 thus prepared, the solid

el ectrol yt leadcapmeittldry isistange welding.constructed as fol- lows: 1C) The
capacitor el ementg W th an in-,sulati ackaging

kK bo i s .encapsul.ate
resin 63 in such esé’§°§§?t°a Odl%e Tery % Aty §OTRerged i%tegF%lBgtgl and
cat hodeg | e@é’nﬁerc@irﬂ% fémber §XRYHBYIRA dea@BlE TRt ihARES2 Bh thpgﬂﬁa D9 resin
63. 2C) Anode |lead frame 61 and cat hode | ead ?rarre 62 expose rom
packagi ng fass 0f@3pagitorredapent: 56/ ektgnipry inatherthickhesssdirdainm therqpdckagi ng
resin .63. (This is npt shown in the draw ngs..) 2)0 The solid electrolytic
capaci tor &RERFUGtVeityer pgsiedngt %W%ngyed‘fai“ﬁggs produci ng capaci t or

el ement stack uni . }ﬂ(’ NG ral i Qf - ' e ts 50 on
top of each ot her%dﬁall(%ﬁé é%gn thngnlﬁgglbfa'tlpt&ﬁelg fg a%%g?ﬁiﬁéaglgpéa&?g ity of.
capaci t or elflatrerdmisdradflcatiidesiead frame 6P inth efight aidler in piles.
Accordingly, not only a great varjety of conponent parts _are used but 25

al so tift assenbl yBYoERinge timretapaciion sslemene gk didyngfuBlGi 134 4bhs gh cost
P eonact Aﬁreﬂ 91%‘%[ dHeSlil &Q?t‘f@y&%&a%%ﬂté%&? %Iaéﬁg%?# %%é%@ﬁ‘és'tﬁ 25{558)?'“ e onte

respective stack’surfaces o
‘capaci tor logsenents 50 are connected with one another electrically to
.construct capaci 30 tor element stack unit 51. Furthernore, a plurality of

capaci t or el ement 1CyThelcapaciter slemensd séackchedy imeneapsolatedhatitoamdn- i n pil es
o et o Sonbily Badkdeind SEoiB3P i BB Fa) NS SRE LY FEDebBvE WBEE ea
15  frame 61 and cathode lead frame 62 is exposed on the outer surfaces of .
packaging resin 63.

2C) Anode lead frame 61 and cathode lead frame 62 exposed from
packaging resin 63 are respectively bent along the surface of packaging resin
63. (This is not shown in the drawings.)

20 The solid electrolytic capacitor shown in FIG. 30 is prepared by
first producing capacitor element stack unit 51 by stacking a plurality of ca-
. pacitor elements 50 on top of each other in layers and then by further stack-
ing a plurality of capacitor element stack units 51 on top of each other in
piles. Accordingly, not only a great variety of component parts are used but
25 also the assembly work becomes compiex, thereby ending up with a high
cost product.

As described in above, by applying a conductive silver paste onto
respective stack surfaces of a plurality of capacitor elements 50, capacitor
elements 50 are connected with one another electrically to construct capaci-

30  tor element stack unit 51. Furthermore, a plurality of capacitor element

~ stack units 51 are stacked on top of each other in piles with a conductive sil-

ver paste applied therebetween to connect electrically between capacitor




6 June 2005 4 elenent stack units 51. Finally, part of cathode é?ad @ ane
54 | ocated on the bottomof the stack of capacitor el enent stac Rt 51
forms a cathode ter- minal for externalh connection, thereby making it
difficult for equivalent se- ries resistance (referred to as ESR on

occasi ons, fLen) .G c el I tical
ones since ‘t egﬁi%%n%rg% ﬁcaﬁ%@é p%@a“lc'forfaglrl]%ge {%&%{)&éﬁ?%ﬁglgéﬁ%@%&éﬁ
charact eri $ottom of thheasieblRapscifi Selémbrdsthtk abRy & 1afoems deomAsts aed by a
sunmmation of the follow ng resistance values as shown in a schematic

i |1 ustrat i onngk fan @xtermgl connestiore sherebnaeaking it difticel foeeauibrletteseayers of
- capacitor elenent, 50,that nst i e _capaci tor. el t,stack.unit 51. B)

Rooi ot ance 193 TNSHIRLA BersE hat Fi P GEREoRS hebratle) shEREIRISEs &gk uni
51. Thegef geanadiSclobis rBuRBSYetiehl ba%elifcOihcChiPRaLE BF cOh8ABMaPRrdldot he 15
, nhunmber of piles of capacitor elenment stack unit 51 increase, an

al i enat i onbePBengween actual ESR characteristics and theoretical ones is
growi ng. Addition ce there exi stﬁ?{s3 a conduat i ve si]ver paste between
S

|y [
respective nei ghngLl?Pi F@ﬁc eetegstiey afethesSap Aqdeictibefetn@BAve pect i ve

nei ghbouri PaSte ]ﬁHEP- t LS i ' ' -he hei ght
20 directi ggm?%er eo?q{ge%(g)rre gpgeﬁqpﬁgpggﬁln%ﬁsﬁﬁ?(% @?‘fsgl %%?l%d?%?ﬂt he end
prod- uct afschahatic dlesttatiohydfilIGcSFacitor to be reduced in thickness. Wth
the sqo] id el ectrol )Stic,capacitor of FIG 32, a plurality of an- ode nenbers
59, e provi ded R shsianger b} perdipedibesweenthe lagers pfnapgcites element o anode

| ead franesglhgéoél?@@?%l aecit‘ﬁ@leijé.fn:i‘%r%aﬁﬁa&eﬁﬁggg?d'i n above. How 25 ever, as

FI.G 36 shows, oxi de ayer is formed on the sur- face

of/ al uni ni um f oi | B)ReskstaraRoR? predined SAwevhehe pilegef maphdtobPehtent j 0i ned
to copper nmade anode | ead franme 61 by resistance wel ding, dielectric oxide
filml ayerSt%lBuﬁﬁvsilng a high value in resistance nakes it hard for the

111G TS Rl o2 8 b SR AP B AL e 324 1
anode 13adnfimber o8 biRk ¢l tapabitbheldiashiCaaék vhies PfifERasd)0din allkMaklef ective
o between actual ESR characteristics and theoretical ones is growing.

Additionally, since there exists a conductive silver paste between
respective neighbouring capacitor elements 50 and also between respective
neighbouring capacitor element stack units 51, the dimensions in the height

20  direction thereof become large, thereby making it difficult for the end prod-

_ uct of solid electrolytic capacitor to be reduced in thickness.

. ) | With the solid electrolytic capacitor of FIG. 32, a plurality of an-
ode members 59, each provided to capacitor element 56, are integrally joined
to anode lead frame 61 by resistance welding as described in above. How-

25  ever, as FIG. 36 shows, dielectric oxide film layer 56B is formed on the sur-
face of aluminium foil 56A in anode member 59. When anode member 59 is
joined to copper made anode lead frame 61 by resistance welding, dielectric
oxide film layer 56B having a high value in resistance makes it hard for the
welding currents to flow. As a result, only part of aluminium foil 56A is
30  welded onto anode lead frame 61 or aluminium foil 56A is not welded onto

anode lead frame 61 at all in the bad case. Therefore, not only defective ca-

pacitors due to insufficient welding strength are produced but also an in-




pacitors due to insufficient welding strength are produced but % g&ln 6
June 2005 5 crease or a wide range of variation in equival ent s&r'f® 3
resi stance nay be caused. In order to solve the foregoing problens, an

i ncrease of welding currents or the ra\,}slopti on of laser welding is well
wort h consi dering. However, such counterneasures as above nmay cause new
problens as follows: Mdlten alumniumfoil 56A may extend to such places as
cut secti arsgseodr a wizdengeobeariadtion andqyivalehi deeies wisestancalmay b cansédi | 56A i s
exposed, or | ashed tao. i mpair ap outward a ran The t hi ckness
of packagi ng r esf%O@SPF%SOIY%%CfQEFgSng’rQElr?ﬁ’a?r %‘b?‘@r%fﬁglﬁ’?tw %ﬂfm&ﬁ}*frsw

al um ni umy, g; n

her meti ci ty ﬁg@l?ﬁgﬁ:%ﬁ Q’géggilh} }S hic! tvﬁ;rgﬂb Eﬂﬁd@n%ahgg%ﬁéeﬂr cgkalla}rlld si nce
t he t hi ckoasserafeasunesias ﬁi&ﬁb&na}B&USSnbwqﬁoblhms astblbowsi ckness of cat hode
menber 60, a gap.is created between nei ghbourl ng anode nenbers 59 when

capaci tor el enenMplisg alyraingymg dRid @ 64nmey sxiend é‘aéﬁdbl’lﬁé‘?s asr\cqtg?gg:gls ofwhen
respecti ve, anode g@ﬁ?&raﬁd%?e k& \}vﬂ%rg%ﬁt?rh rﬂuﬂl%ﬂ%ﬁﬁt& cﬁjeorlrfi%?by ame 61

by resistance e ng, a pressi’ng force 1s a i'ed via ectrode 64

to crush spihhealtoiRpRIRah Qi atiPapeltantéli Bhe ﬂhﬁ@me@sﬂﬂdpadmgﬂﬁ rreéiﬁ g3sisbent and
the extent of bending of anode nenber 59 is nore pronounced as the

di st ance tsdugerbbe amomiparabls anfquptod nudien| Aumidivanielle0 A, nbewhs cgusimger ef or e,

an excessi or mat i on, of 9 due to the be in results in
cr acks or BPatSh R as 2 e dkiontE e RIS Ao ikl oS oo B Mgher | oo | 1
a breakage theregh,ht burr 4aHS! et QRIRAGSs FTHNOAE ndrkSar SRis! [¥EsEthaPuMMaI'Y
of the Invention In accordance with a first aspect of the present

i nventi onthetthmkaesssﬁ cpthode deshizer <@, a(gapllxecielateldyiatwemapagh‘mmrrlrgmdesi ng: a)
a capacitor nt stack . body for by spackin | ur of capacitor
el ement s, mgg} Wh F%E%R-?@%tf"(/%eméﬁﬁ g st a@f(%ﬁ%fﬂ%&%ﬁé ré Jﬁ!& Srenber
and a cat ﬁ{re£ @Merfs%@\’drghﬂ?%rﬁ{i}/ ?@ﬁ@'@oﬁt‘&% dHarfle y2! ve

action met an eln orne die oXI| ayer, a solid
el ectrol ybﬁrés@syafceaﬁﬂdmgpﬁipi‘wsiﬁg|faxy:eﬁs sppliddeda mldmgpleofroaasm totheh in
l'ayers in succession on a surface of sajd cathode nenber: an anode | ead

frame conteciiarementionsdizanciethicter apgdecmember of ivbenfernd Tét@aeeikeﬂt édy; and
¢) a cat hggnedullge gfi arIorda rlT‘Eenrl]@er 3% ngor)e p?onou%%ec{rgs”&%rdétgnc%' ot hoge %?Errgo ?at hode

59 from anode lead frame 61 increases. Therefore, an excessive deformation of
anode member 59 due to the bending results in cracks created in part of dielectric
oxide film layer 56B or sometimes in a breakage thereof, thus causing a leakage

current (L.C) failure.

Summary of the Invention

In accordance with a first aspect of the present invention, there is
provided a solid electrolytic capacitor comprising: a) a capacitor element stack
body formed by stacking a plurality of capacitor elements, said each respective
capacitor element having an anode member and a cathode member formed by
dividing an anode body made of a valve action metal and being formed of a
dielectric oxide film layer, a solid electrolyte layer and a cathode layer stacked on
top of each other in layers in succession on a surface of said cathode member; b)
an anode lead frame connected to said anode member of capacitor element stack
“body; and c¢) a cathode lead frame having: cl) a flat member to dispose said cathode

member of capacitor element stack body thereon, and ¢2) a connecting member to




menber of capacitor elenent stack body thereon, and c2) a connecék}& Q&{T‘oer
~to 6 June 2005 6 connect integrally with said cathode nenber of ga or
el enent stack body on a side surface of said capacitor el enment extending

in a thickness direction thereof, said connecting nenber being fornmed by

bendi ng two ends of said flat nenber %pvvard and downward wth respect to

said flat nenber, respectively. In accordance with a second aspect of the

present i oemerti mtggralivewithi smid pathadedmdmbesof ¢capaeitectlemeyt stackcbahrot ar

_ I sing: AN I t stack . body f d by st.ackj

o ural ity e Seeer P S ROl e NEIE 0L pcBIRDEs SpHen (BeToe eren
pl u | ‘ 58 n

pody nad ey OATUE e he, DR PRI, P TR Rline ATEEpdfor SHdHE] BRpRRe " TG

filml ayeapwardsdld dbwalvead rdllyteepdcayesaidfldt menbehadspebdyedy. st acked on top
of each other in layers in succession on a surface of said, cathode nenber;
b) an anode | eall pécoFdancewEb taeseaond spertaplothe passend ingentions Aasredp el enent

stack bogdy: .and . I . Vi ngs .C .. CO ' nber to
connect PHEBACH Sy RIEG: LRRIHE LHBRBBAROM il YBREhL ARt ack

body on apgdy ornted bR&ficRingSRptireRHAST EffacRbe BRAeneX tsalddeAtd febpettivBi ckness
direction th)grerof, a:ﬁd (?2 = a hol di ng n@fr?ger to ﬁgl dSboth upp?g? alnd bott om

surf aces odpasionlclsapatihaving et aneds memalk dndg , cathasisemeinber yormad Bycor dance
ith a third,.aspect o h rese inyention, there s . | ded lid

o ect rol yEMIRRIEFRGE bR WpIE Bt SrLreiE CVRER obady

formed by RiR6k H€de fnUadtd Ekog& efé%ﬁ%léy'rté g.{%/efa LB afhods it 8BGRed BgPECE i Ve

capaci tor el enment having an anode ne d a cathode nenber formed by
di vi di ng top eihaadbk diloaryinfaykes ad seccoesdioe onat suofaceretf ahidagathddei member; ed of a
dielectric ox‘iefgee filmlayer, a solid electrolyte |layer and a cathode | ayer

stacked off apeds lspd dxme geppectadfo) spid prodermeniber o capAcHAr slemsnt §BEKof sai d
t hod - b f ) ' f
cat hode BRS¢ 84806 Rafls AN CORSARSFl PRkePROUBuRERDe! ©

flat nenbaitegdrallyiviflosdd satitbdeanbmber offeafritodfeldrgagitiolr belyeornt side ack body
thereon, c2) a first connecting nenber to connect integrally with said

cat hode neyriise ofsaid gpnraitos clemantextending dr aoigynesn direcionideoifade2dt sai d
capact o o SRR mEBHED T D By BRI TSR Y 8T ol 1"
element stack body, respectively.

In accordance with a third aspect of the present invention, there is

provided a solid electrolytic capacitor comprising: a) a capacitor element stack

body formed by stacking a plurality of capacitor elements, said each respective

capacitor element having an anode member and a cathode member formed by

_dividing an anode body made of a valve action metal and being formed of a

. dielectric oxide film layer, a solid electrolyte layer and a cathode layer stacked on

top of each other in layers in succession on a surface of said cathode member; b)

an anode lead frame connected to said anode member of capacitor element stack

body; and c) a cathode lead frame having: cl) a flat member to dispose said cathode

member of capacitor clement stack body thereon, ¢2) a first connecting member to

connect integrally with said cathode member of capacitor element stack body on a

side surface of said capacitor element extending in a thickness direction thereof,

said first connecting member being formed by bending two opposite ends of said

flat member upwards to be facing each other, and c3) a second connecting member

to connect integrally with said cathode member of capacitor element stack body on




flat nmenber upwards to be facing each other, and c3) a second co€ﬂgg5¢&@
menber to connect integrally with said cat hode nenber of capacitor &léenent
stack body on 6 June 2005 6a a side surface of,  said capacitor el enment
extending in a thickness direction thgreof, sai d side surface being

| ocated at a side opposite to said an88le nenber of capacitor el enent stack
body. In accordance with a fourth aspect of the present invention, there is
‘provi ded a silel sudfaet of saidloppaditor afeaint extendmgyrinsi thigknays diressipadhereef, el enent

stack body,forned t acki n lurality of.capaci.tor elenments aid each
respect i v%"}idcséﬁ%csi“fgge eg}%ﬁ?‘:%@/ghﬁ sige 2 éltﬁgﬁb%aﬂé aﬁﬂ‘&gﬁ IBS‘E’#?S’Hé’irenber
formed by e MbOl1B8, tgé]p&gj body nmade of a valve action netal and bei ng

f or med ofc%{)c‘j:l g’i)e ec?lr%élqsc oxXl gbfi | mlayer, a solid electrolyte |ayer and a

cat hode | ayer st hclecbrdmcet ejihod fearth aspdverofi thel mgsars inversioncébseas on a
surface of said cathode nenber; an anode | ead frane connect eflag]téo sai d

) b) .
anode menBVidd @éﬁ&éiﬁl%ﬁr%@m&ﬁ?ﬁ&ﬂmpﬁé@ﬁf a} RgcaPpchoTc gleRsak slagkd fr ame

havi ng: c t - 10, di e i e f tor
el enent sbé@ﬁf‘%ljggef Eﬁg?“ gfélrﬁg %%&gﬁ@o%ﬁgé |Cfr;%§1t E%ﬂ%g}g’r?gﬁ écagﬁnrgcl?&?%% egrally
wi th sai degrchodelemibaiavig SaRAcHS dicntheen@id aSdatitideb@dben farmedl B¢ surface

of said capacitor element extending in a thickness direction thereof, said
si de sur f dividipgianganesieabedy madg of aevabymesiione majalsand) baingdtormedelr aof

card cat ASUETRewr T @%ka sPAY <BlmBa Pulen Bu BEAG0 1RLREH R 8% 1
fifth aspgptofddachRhdiBI8Nrs iM¥%edkssth oh REiRfce of BhidVdaliRflleanambeéd b)

el ectrolytic capacitor conprising: a) a capacitor element stack body

f or med byastaeds legd drphe catrncciedab saihanddeomeniberrehcapacar dleswnh stagkpect i ve
capaci tor, el enent  havin n .anode nenber. apd a cat hode nenber, formed by

di vi di ng. aﬁyaﬁaas) 58891"&%%@‘13@%?%%% et Nghmreben o disppsp s gatfied of a
di el ect ri GofhfeflRffda g&ihcﬁyéﬁmeﬁt &9%1& ‘angecﬁ&{e%,y&@ h a%Rhe@ Fheﬁ?a%?%’e layer
stacked on top of each other 1n [ayers In succession on surface of said
cat hode nesrrett ingspdallpeithgapl eathatizonenbbr af’ tdpaciughelbmbst sacksiody emade

menber; b). an anode | ead frame _connected_ to, said anode nenber of capacitor
el ement stide BuHaeR of spid capacitcs pleraen extending imadhickners diesgtieon thereel. cat hode

member - of sa(f&‘ps?& . tsﬁffa?é %gﬁ%t I,l}c?ctaf’}:%lk esltb %dXi'de l cgbp%%ﬁg JaNsE Mol Aembdt raspect

of the present inventio ere i
capacitor element stack body, and ¢3) a pair of guiding members to guide said

cathode member of capacitor element stack body.

In accordance with a fifth aspect of the present invention, there is
provided a solid electrolytic capacitor comprising: a) a capacitor element stack
body formed by stacking a plurality of capacitor elements, said each respective
capacitor element having an anode member and a cathode member formed by
dividing an anode body made of a valve action metal, and being formed of a
dielectric oxide film layer, a solid electrolyte layer and a cathode layer stacked on
top of each other in layers in succession on a surface of said cathode member, and
being provided with a through hole on said anode member; b) an anode lead frame
connected to said anode member of capacitor element stack body; and ¢} a cathode
lead frame connected to said cathode member of capacitor element stack body.

In accordance with a sixth aspect of the present invention, there is
provided a manufacturing method of solid electrolytic capacitors comprising the
steps of: dividing an anode body made of a valve action metal into an anode

member and a cathode member and preparing a capacitor element by stacking on a




provi ded a manufacturing nethod of solid electrolytic capaC|tors n@&BS|ng
the steps of dividing an anode body nmade of a valve action neta 0 "an
anode nenber and a cathode nenber and preparing a capacitor eIenent by
stacking on a 6 June 2005 6b surface of said cathode nenber a dielectric
oxide filmlayer, a solid electrolyte bIayer and a cathode | ayer on top of
each other in layers in succession; stacking a plurality of said capacitor
el enent s smfa;cepofotfaidaaaﬂmde memben 4 disectrionxschilmflayenea selid f@éﬁwc)dbfte

respectiv ano ead .frames and cat hode Ieacsl frapes forned nt i nuously
on a hoop ?tCP © I, 08 9Pl Rah /LS R S H ST RIE PGS Bbet ween
and join

RiG By ﬁlemﬁ%dmﬁ;@fkg h SRtk i AiRs bieALAGr Bk

[
cat hode ng er o capa I'tor e enent to rane via a
-conduct i veurfadhesi regpectind fude denda feapsciandr cathede neadt fraked oftymby
stacking a pl urallty of said capacitor  elenments on top of each other in

| ayers onCRIHBIRESLY st fdeoBral pexifery jWith #h prelefenined spdng fgo¥defode | ead
frames by S n

el onont <" VEHEHRRDr Bl RAE P TR o PIREP, Bid Bk b RfleiipRAG 188,

- enbodi mengghodmesideslef tgrdithr aeBichsicandeshede ladarage vtﬂe@b@ﬂi@oﬂﬁre a
capaC|tor el ement stack body which is forned by stacking a plurality of
capaci t or adhesivehnrd dormisg 20¢apaaiser @bﬁ?@ﬂt stagk Ibéslﬁrbé’ sztmlqleg a I@lﬁfﬁ%ﬂ@fl ead
frame has_a conne t nmenber tooogo i nt.e raI cat rrbers

of the caffadi ¥Rt S A KO ?Wgr 4 gy%rarqna@go he 86 end| ng

in the thiGkAYRR aﬂbﬂ@fé‘aﬁ%n‘i\%‘s énﬂeca@tﬁ%%éd)ﬁ-aﬁ'eﬁfﬁ?@ﬁmlﬁg:@di@lﬂ}éop %bluﬁw ng a
reduction inh conponent count and enhancenent of productivity Iin assenbly

wor k to bdoweahd sedlingisaid capséitnpleidmeds sigethet.ur e. Moreover, since a cat hode
may be taken from.the si ur f e of the cathode nenber of.the capacitor
cloment, the di oliita Sk csEge ?aélgalt%y?ﬁges%mg%&mb@ggmt&. A ina
r enar kabl g JoTRIPHERE N o8Bl kY hGmSRAbLEDFHES Eé&ﬁﬂ%ﬁa #isfack Bolipt | CS-

Furthernore, no conductive silver paste nay be | spose

‘nei ghbour whighsit deinddalyse stacking aerledajityabl caganigort élememscdmpsofmhcm bthegapaci t or
to be reduced. Further, with the solid electrolytic capacitor of fhe

exanpl e  BABBIE AERlcs caé@@de%ﬁarepélﬁfemcenn%ea ngiakRs tasamrgct Bieglith has a

trame i s MeonRIE AR oL e Phallial BEeRL Mk b LW, B RPufRnen

pl ural i t ythefeo®n@@énding in the thickness direction of the capacitor element, thereby

allowing a reduction in component count and enhancement of productivity in

assembly work to be -realised with a simplified structure. Moreover, since a

cathode may be taken from the side surface of the cathode member of the capacitor
~ element, the distance of a cathode lead may be shortened, resulting in a remarkable

improvement in equivalent series resistance characteristics. Furthermore, no

conductive silver paste may be disposed between neighbouring stack layers,
* thereby allowing the thickness of the capacitor to be reduced.

Further, with the solid electrolytic capacitor of the example
embodiments, capacitor elements, each anode member of which has a through
hole, are stacked on top of each other in layers and an anode lead frame is

- connected with stacked capacitor elements. Accordingly, when a plurality of anode
members may be joined onto the anode lead frame via the through hole provided
on the anode member of each respective capacitor element, a stabilised welding
work may be allowed to be conducted without such problems as splashing of

- molten aluminium foil and the like. Also, an excellent joining strength, enhanced




menbers may be joined onto the anode |ead frame via the through &Ingzoos

provided on the anode nenber of each respective capacitor elenent,  a

stabilised welding work nay be allowed to be conducted wi thout such

probl ens as splashing of nolten alum niumfoil and the |like. Al so, an

excel l ent joining strength, enhanced 8¢ June 2005 6c reliability and a

remar kabl e i nprovenent in equivalent series resistance may be achieved.

Bri ef Desutdliaptlitprandfa Bmearkalrjs iFip@vemdnt im eqnivaiens scti¢oreaistanicevmaghbai ng t he

structure (ﬂ‘ a solid electrolytic capacitor in exenplary enbodi ment 1 of

the preseftti$¥ifention. FIG 2 is a perspective view showi ng how a plurality

of capacitor elenents are disposed on an anode | ead frane and cat hode | ead

frame in exenplary enbodinent 1 of the present invention. FIG 3 is a

schenat i cBeief Debdriptioagifdrafviigsdescri bi ng an i nprovenent of ESR

characteristics in exenplary enbodi nent 1 of the present invention., FIG 4

is a cross-secti BH& lview sHswisegiomb vaew ushoyyiae othe astsentyng Ogl%é’fﬂrlgl ytic

capaci tor i fi p iLavention. FIG 5 is a

perspecti 8%%‘?‘3@@%@%8@@%@%%@%%%1 é@%gghsgﬁt lﬁeélgfée}lﬁe nts are

- disposed on an apmsle2l Rag gergrRtind diieat dedang artl fa plality 6R «apadifoy

enbodi ment 2 of the present invention. 6 June 2005 7 FIG 6 is a

cr oss- sectlicmeats ay¢ digpesedvina atpdedead fearne andfathodolepd fragedprexemplary

capaci tor ig ﬁ?xenglr']ar}/ errboditmsnt .3 of the present invention. FIG 7 is a

per spect i FROOFIRGIE A SAAFPTREHN SPHPX i ty of capacitor el enents are di sposed

on an anode | eadpfc;arg 29chepdtitQdRukiCAEohAfR deScring Anaipk&fom@nippdi ment 3

of the present invention. FIG 8 is a cross-sectl ona% vi ew showi ng t he

st ruct ur eEBR chasstedridticeinexemplary ienbodpaenttioof the peeseniphaenticenbodi nent 4 of

the present inve 'og. FIG 9is.a erés ective view show ngghow
‘t Or S

plurality of cap&tt iSe Pe FEASE-SCE0RL;V: EPVene o ¢ affoytuce F Sare and
cathode | gadk &5 A0 ap4it6Xin exenfpiRy ¥nbodiRAd & the Hr&End fifeRigaSent invention.

FIG. 5 is a perspective view showing how a plurality of capacitor
elements are disposed on an anode lead frame and cathode lead frame in exemplary

embodiment 2 of the present invention.




FIG 10 is a perspective view showi ng the structure of a solid

el ectrolytic capacitor in exenplary enbodinent 5 of the present ¢ e A99%n.
FIG 11 is a perspective view showi ng the structure of a solid electrolytic
capacitor in exenplary enbodiment 6 of the present invention. 15 FIG 12

Is a perspective y.ew showing the structure of .a splid electrolyi.ic
capac!ot or IOi n exerr;fllg'r;ﬁs é%rﬁo‘ifﬁ?ﬁéﬁfic“f’nﬁr Viye SBPgé%ttﬁ‘F Strahtire ot zFlsétldl3 is a

Cr0ss-sect palol Y C¥aRAYE 78 ek ' ic
capacitor in e>?e§rlrtpl arlijéenbodierrge}ﬁ{)ﬁ%{,gﬁ#ﬁgnglﬁteggfl?{% %&gﬁétﬁgﬁgrﬁh}é{le 14 is a
perspective vi ew $h6wi7ny heerspeptive siaw ghowimpahawid plurdBiyebf opecstoar e

di sposed on, an anode | ead frane ana rc‘at de lead frane_in ex- enplary
enbodi ment SN AES fiseesst op dhanergeadiramerand gathods kend WRBEIBIRAT Vi ew
show ngsth q%i][% . i | | Cc capacitor in exenplary
enbodi %ent %g&%&%&t e fdrlg{segﬁ?%ﬁbg {fsgﬁffﬂv'%béﬁh.w s a perspective view of a

capaci tor el enent FiGed isnatdresseSectiohhld vilvecho@liyd ithe GRIOAGIE OF 4 Bogdenpl ary
enbodi ment 9 of the present inven- tion. FIG 17 is a perspective view of
an anode | elgtphdifecanngitar énexciaplary emdboriment 4i9Bthy presend inventipn.

el ectrol ytic capagitog in exenplary enbodi nent. 9 of. . the present.invention.
S0°HG 8 i a pirdnact i B SPR R Y of B oe s o

el enent s atRnfnds kRAdi@Podedo® bhn @6 Pédiefraime drdly&fthodd fbadithedn @R- an anode
| ead frame and a cathode lead frane in exenplary enbodinent 9 of the pres 6

June Adb5 emplay erhashimienhd ofiti@ puentsingentions- secti onal vi ew showi ng how
an anode nenber

[ j Qi.ned to the anode |ead fra I n_exenpl ary odi nent
9.of the present ﬁ'lG 3gn’tsi BnPeIBPEIES BEX i° oﬁ'nb%ggﬁesgmc\‘}gevi)g\ﬁ B‘Pel?gnot her
‘e%arrp! e of elebirolaft QiphBitoPPHAeHafPe@BodRAMIR TBIRR prefe ISP ALY
enbodi nent 9 of 'the present in- verition. FIG 20B is a perspective view of
still anot her exahfffe 1dfist hrparghectivel giepr ghoda: dhe tdtmcanodef mesdéd i n

I nmbodj t 9 of th - . . .
exenplary glect?gfygﬁncapacﬁor 1In gxe%:rlﬁgry embodiment 6 of the present invention.
15 . FIG. 12 is a perspective view showing the structure of a solid -
electrolytic capacitor in exemplary embodiment 7 of the present invention.
FIG. 13 is a cross-sectional view showing the structure of a solid
electrolytic capacitor in exemplary embodiment 8§ of the present invention.
FIG. 14 is a perspective view showing how a plurality of capacitor
20  elements are disposed on an anode lead frame and cathode lead frame in ex-

| emplary embodiment 8 of the present invention.

s

) ' FIG. 15 is a cross-sectional view showing the structure of a solid
electrolytic capacitor in exemplary embodiment 9 of the present invention.
FIG. 16 is a perspective view of a capacitor element used in the
25  solid electrolytic capacitor in exemplary embodiment 9 of the present inven- |
tion.
FI1G. 17 is a perspective view of an anode lead frame and a cathode
lead frame used in the solid electrolytic capacitor in exemplary embodiment
9 of the present invention.
30 FIG. 18 is a perspective view showing how a plurality of capacitor
elements are stacked on top of each other in layers and mounted on an anode

lead frame and a cathode lead frame in exemplary embodiment 9 of the pres-




10 ent invention. FIG 21 is a cross-sectional view show ng the giru%&re
of a solid electrolytic capacitor in exenplary enbodi ment 10 of "tH&
present invention. FIG 22 is a perspgctive view of a spacer joined to a
capacitor ele- nment in exenplary enbodinment 10 of the present invention. 15
FIG 23 is _a, perspective view showi ng the structure of a solid

el ectrol yt I8 ﬁgﬁf’?br in exenpl ary embodi ment 11 of the present invention.

FIG 24 s a perspeal iy KlenisshanLnal 1is, Sdwinh Hoty Bh aflodOhldhiag! oLyt C

capacitor in exenplary enbodi nent 12 of the preSent 1nvention. 25 is
a .cross- segtinedad thd enodehlend figinidm stemiplary embbdanadl ¢ df tizOpekesitinol ytic
capacitor in exenplary enbodi nent 13 of the present invention. FIG 26A is
a per spect V6&t-ew of a spacer used in the solid elec- trolytic capacitor

_ ct M¥I%ew of a sp: n ec- trolyt
pacer Bsed i n thoiQorrd I testE S ORI et R B o

13. 25 FI GpradGded snanpgiodpeséhber M ewngflast elmbodidémMer oS BACHTesaiae- i n the
solid electrolytic capacitor in exenplary enbodinent 13. FIG 27 is a
cross- sect Ver#1.vi ew showi ng the structure of a solid electrolytic

it [ nbodi t 14 of t t i ' FIG 28 i
P ross secti onal TOLAPEIS s At dlr Rl FRGer eRAEBlY O Mrebekye o
capaci t or hélegpe@iledroh arRbAHIEBNEmbEr Bf cidiBplRFLERARbAIMMAN bPlhe pfekG 29 i's

a perspective view of a capacitor elenment used in the solid electrolytic
capacilr et iaxemipdmry enbodi ment 15 of the present in 6 June 2005 9

RN et e R I T e I
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~electrol ytic capaEl®.022 iFa Gerspactive aigye s pesptaceejoinaimob capadpacéltor
‘eI enment usref\lgn. in g)Pe-mplary embodiment 10 of the present invention.
15 . FIG. 23 is a perspective view showing the structure of a solid -
electrolytic capacitor in exemplary embodiment 11 of the present invention.
FIG. 24 is a perspective view showing the structure of a solid
electrolytic capacitor in exemplary embodiment 12 of the present invention.
FIG. 25 is a cross-sectional view showing the structure of a solid
20  electrolytic capacitor in exemplary embodiment 13 of the present invention.
| FIG. 26A is a perspective view of a spacer used in the solid elec-
N trolytic capacitor in exemplary embodiment 13.
FIG. 26B is a perspective view of another spacer used in the solid
electrolytic capacitor in exemplary embodiment 13.
25 FIG. 26C is a perspective view of still another spacer used in the
solid electrolytic capacitor in exemplary embodiment 13.
FIG. 27 is a cross-sectional view showing the structure of a solid
electrolytic capacitor in exemplary embodiment 14 of the present invention.
FIG. .28 is a cross-sectional view showing the structure of a solid
30  electrolytic capacitor in exemplary embodiment 15 of the present invention.

FIG. 29 is a perspective view of a capacitor element used in the

solid electrolytic capacitor in exemplary embodiment 15 of the present in-




other prior art solid electrolytic capacitor. 10 FIG 34 is a peézlpegﬁ&ve
vi ew show ng how a plurality of capacitor elenents are stacked P f
each other in layers and nounted on anganode |ead frame and a cathode |ead
frame in another prior art solid electrolytic capacitor. FIG 35 is a
schematic illustration for describing ESR characteris- 15 tics of another
prior art Y60%@Melectrolytic capacitor. FIG 36 is a cross-sectional view
showi ng how an an L SedtQ : f ' 10t her
o1 or art solid o agt forse plipet Bl Eii AR SRR ST B B e

| nvent i on 26lidleldctirodytilesapacitbt.on i s given to various exenplary enbodi nents
of the present invention wth reference to drawngs. Wth respect to a
descrip- tion nad&l8n3bdp ecperspedtine viedd shovingnihararucsing ofap privroie

anot herg t r e synbols are used in common. 25 (Exenplary
Enbodi rrsent Q%))asc dé’é‘{:"?‘%nﬁﬁ?%?f l|"§1Y'matde on exenplary enbodinment 1 with

reference to Fl GFIG. 30ds fal pos@sé@idiaY visRREGWILY tIR] avRithrd bLhRSIhed tO as
“el ement” on occasions, hereaf- ter) | is an anode body conposed of foil of

al um ni um iRt et sodidzelectralatiacapddtari on netal, and di vi ded i nto anode
menber 1A and cat

?(Ige?’ nmber 1B. On the surface of c;ilt ho&e er 1B are

Toroet by atack i torsTg8tberpretve S B4 Fason EeR, oo 2ep | 4

el ectrol yt giHeyeior afdsotalt 08 lyfikaphdighe of June 2005 10 these are shown
S

in the drawi ngs). Capacitor el énent stack body 2 (referred to generally as
"stackO body", heFEAf 3419 aipsrdpectied vigw shawkigigow appluraitiytof aipaeltenents 1

on top of each,other in |ayers and anode |lead fragne 3 and cat hode | ead
frame 4 ar SOBeaty fRRkod GPc! SechihsT WoledersAndyBPBReHOTRY 8R0G% ¢ he

it dr egoi ng RAGUEAHE Gndds BlddR"Rad ArBhblil ot AT pAROlR ISl LAR! e ement

1 are stacked on top of eac t In layers I sposed "on both
upper and dmpacitor.surfaces of anode lead frane 3, respectively. Simlarly,
a plurality of cathode nem L . . .
FiG. 35 is a schematic illustration for describing ESR characteris-
15 . tics of another prior art solid electrolytic capacitor.
FIG. 36 is a cross-sectional view showing how an anode member is

joined to an anode lead frame in another prior art solid electrolytic capacitor.

Best Mode for Carrying Out the Invention
20 Next, a description is given to various exemplary embodiments of
the present invention with reference to drawings. With respect to a descrip-
) tion made on objects structured in a manner similar to one another, the same

reference symbols are used in common,

25 (Exemplary Embodiment 1)
A description is made on exemplary embodiment 1 with reference

to FIG. 1 and FIG. 2 mainly.
| Capacitor element (referred to as "element" on occasions, hereaf-
ter) 1 is an anode body composed of foil of aluminium, which is a valve ac-
30  tion metal, and divided into anode member 1A and cathode member 1B. On
- the surface of cathode member 1B are forined by stacking in succession a

dielectric oxide film layer, solid electrolyte layer and cathode layer (none of




10 bers 1B of element 1 are stacked on top of each other in Iayegﬁma%bst hen
di s- posed on both upper and bottom surfaces of cathode |ead frane 2

respec- tively. Then, respective anodg&rsnbers 1A are joined integrally to
anode lead franme 3 by | aser wel ding. t he ot her hand, respective cathode

mem bers 113 are connected, integrally with connecting nenber 4B via a

conduct 15tHeAg 2L FReayn PrieATaNEEShown in the drawi ngs). Connecting member
4B is pre- pared i j i i dy tn ach
respective end of éx?%bg{tbqrr@g erm %}3\&5 gg?tﬁzgﬁﬁg@s@rg%g%ﬁ%n |Irllcgkei n the
t hi ckness Hod¥'cthepsafrl) icénacid by sedckimnt plurabitacdd degient 1 lmstopt sfuct ured
is encapsul ated with insulati ngq(gack- 20 aging resin 5 in such a way as

part of re&¥dceinge indavrrs anddagqodgnicad fapme T ant owthadealteatl fipme 4t ofe st ack
body 24 s e outer. ,surface of en- capsulated.stack body 2,
Chereby’ ol FORERG A hEis AR g REPbTaRin Blion PRBY L0t RENHUREY aliy s
"SEC', hergafdiriws:i N exenpl ary enbodinent 1 of the present invention to be
real i sed. 25 The SEC in exenplary enbodiment 1 of the present invention is
actual | y producedAaguftadity odsanodehoempbersnl Atifcélemsotid dreadadkednest@ and

e o Bt e (et At TR B Pt o Sttt Sosed on
anode | eadof §AR Bad FhnRd 3t P@sfp%tfil%lyhamﬁlﬂ&ﬁl, @Hﬁrﬂ%ﬂ}?@f cathddOmdzhement 1

i s di sposed on cat hode | ead ranme 4 and thé side s ace of cathode nenber
| B i s 1j0oi neats I8 ebelnmchi hgre stavied oaBopicf emchanblercini Mgesi dndethepatise ( not

shown in the dqrawi ngs). 6 Ju 2005 1 Smlarly, ilLe elenents 1 are
3};} acked orPCtSSg Q?f%%‘%ce\pﬁﬁrh@ygﬂtt?@y%ﬂéaqeﬁ OLPu‘é@tf“é‘i‘“sé‘lrlggllnfréﬁlet Ie§ppEr surface
i t he ho e gl i.Li t her eaf-. . s .S Sur of each
respect i vgd?‘{:eg 'h(cj)trdwe!a'r nﬁgﬁ%gcmv%e%ga jggfk%\féjggﬁsobgoﬁ% ((:)t"it‘ér?gmt%%%@gr%4 . Then,
simlar stleps fianme: péyflaseredekling.uiOn tig dther hand, teppederdenhoddnicher eby

carrying qut assenbly work of stack body 2 that has a gl urality of elenents
1 st acked W8S dBprrsrcosgesicdiptagrally Mithesennsstipaimemhes 4Begady cqif@etroop,

esperEL Vb iR IPUIER IR0, SRl SHRIPhRTY 0000 o
prepari ng pared by bending into a right angle in advance part of each respective end of
flat member 4A along the side surface extending -in the thickness direction of
capacitor element 1. |
Stack body 2 thus structured is encapsulated with insulating pack-
20  aging resin 5 in such a way as part of respective anode lead frame 3 and
cathode lead frame 4 of stack body 2 is exposed to the outer surface of en-
) capsulated stack body 2, thereby allowing a solid electrolytic capacitor (re-
ferred to generally as "SEC", hereafter) in exemplary embodiment 1 of the
present invention to be realised.
25 The SEC in exemplary embodiment 1 of the present invention is
actually produced as follows:
A hoop, on which anode lead frames 3 and cathode lead frames 4
~ are formed continuously at predetermined intervals as FIG. 2 shows, is used
and anode member 1A of element 1 is disposed on anode lead frame 3. On
30  the other hand, cathode member 1B of element 1 is disposed on cathode lead

frame 4 and the side surface of cathode member 1B is joined to connecting

member 4B via a conductive silver paste (not shown in the drawings).




I o capacitor elenent stack unit- by stacking a plurality of capac%%ﬁr 5

el ements on top of each other in layers and then stacking a plu F?99 f
the capacitor elenent stack units on top of each other, in piles, thereby
produci ng an SEC. Accordingly, the wo ﬁfbility of assenbly work is

| nproved due to a reduction in conpon count and al so in assenbly steps,
resulting in realisation of a low. 15 cost product. Applying a conductive

si | ver pastSimilarlyhevidiedeementsal arestacked oh abp of eath ofidriiadayss Thesus- 1B,
each constit ut.i ng stack body 2 and the side surface extending in the
t hi ckness P8R PBihoyPRarsuEiee of the hosmsat aaqrpdeeimiacd popision thereafdkes 1B to

be el ectri | nother.. e d of. ¢ 20 necting
menber 4B o%?décgﬁg%]esftgggl %ﬁgﬁggggﬂf?ggttgﬁmggr tlﬁne 1%??)‘8?@3?&?@@6%@ cat hode
menber 1B sméniber 4B. TheA Siadturt2épl A péreorned Bﬁﬂﬁhilfgoﬂhe%gqusidew,di ng
to the structure as described in above, the distance of cathode |lead.is
made thé sHRFIERE Capyig entcasspablnwoekjof stack body & thashases plitARY F ol daSs
characteriitic f the §EC thys realised are close to the ones of an ideal
25 capaci t orst oattap of sagl o W@Y@SSG@! bathsurfagestdfithe haos respeetivdR.
characteristics are inproved by the followwng factors: As the schematic
circuit diagramof FIG 3 shows, applying a conductive silver paste to the
si de surface exterdiermanufactheing method of titi SECtin enemplarp ehbaddim@ Inefrber 1B.
of el enent tive,stack bo 2 results in

| that Jt h d
connect i ngt ?Rfsgﬁﬂéfi'?‘%s I B%ﬁg&e’&%ﬂg{rg;&gﬁ?tﬁplé?ﬂt stgps @;r/ Gt prepatingia h one

anot heljg bﬁw ] } : het une 2005
12 stack | ayercgegfe%edlléeﬁr?eﬁtgcﬁllgn{gu tﬁ%l?ﬂﬁg %g%‘gﬁ%@r gg%gﬁ%\}{eb? ég%@?%@iosh appl i ed
tojthe sithp @ﬁﬂﬂchccﬁlllcfﬂindaﬁérs:aﬂdmhm St‘fzfidngmf’[ﬁdmlm?’ ﬁﬁﬂiehd@aoift%ﬁéle%bnﬁoody 2
to0 con- .nect ,inteqgra and el ectrjcal ly -wt ne_anot her, there

achi evi ng Han o i°8n¥°12)f°% Garhyr ’Esy“bfpllqsac‘geﬁbéﬁ producing H’é’utS%Qeat i'ng

any 1 o3 ARSGBRVEAR ysabiey gy ik Bl o 1
i nvent i on wnebnERmenh eounttand also dsadshmblpbteps, aesulting tin echlisdtibn of & Iskows t he
rreasurlesrrenéosrt%?g utc% I n conparison with the
Applying a conductive silver paste to the side surface of a plurality of
cathode members 1B, each constituting stack body 2 and the side surface.
extending in the thickness direction of element 1, allows respective cathode
members 1B to be electrically connected with one another. One end of con-
20  necting member 4B of cathode lead frame 4 connected to the side surface of
__ cathode member 1B serves as a cathode terminal for external connection.
| ) According to the structure as described in abdve, the distance of
cathode lead is made the shortest possible and the equivalent series resistance
(ESR) characteristics of the SEC thus realised are close to the ones of an ideal
.25  capacitor and rated as extremely excellent.
In this case, the ESR characteristics are improved by the folowing
factors: |
As the schematic circuit diagram of FIG. 3 shows, applying a conductive
silver paste to the side surface extending in the thickness direction of cathode
30 member 1B of element 1 that constitutes each respective stack body 2 results in
connecting integrally and electrically' a plurality of elements 1 with one another,

thereby allowing no resistance to be produced between




data.on a prior art.capacitor. Also, a prior art solid electrol yg C
capacitor of 10 4 V, 56 F with a conductive silver paste applied Ilhgletz?u%s
side surface of the cathode nenber tg%eof is prepared and ESR
characteristics are neasured. Table Shows the nmeasurenent results in

conparison wth the data on an_ ordinary prior art capacitor. The
capaci t or s Stck lpyerp of elpmentduafesthere @ conduetive siverpagste issapphisido the aver age

St andard batl / | O [ 7 Capaci t or
of " Bxonpl abee e rich TR caldd gt TPk Pity'2 S kon Ty

Devi at i on( W&t inkedrelly At dlagtaichllprwilld ofe 2 théraPaaebp ackielthpStdniri- Past e
Applied 9.1 0.6 20 By applying a conductive paste to the side surface of
each respetionsofe purtivref drodigs 2 avithout icgedtingonmetssistansedredwenibr oved
and fur herttg% el %tri cal connections are nade nore reliable as a result
of noun iné 8 Ogéﬁs de lead frame 4. The solid electrolytic capacitor of

the present inveniy,pOEdQEss HAL, 108K ?sqlb'[ie'pﬁréﬁ GORdUEddnee vatl Efémﬁﬁﬂre to be
appl i ed between capacitor elenments 1 6 June 2005 13 al though the

conduct i veemibodamengaktod thapresptiinechtivet wed ESRpheiactaristice-themeof suré n t he

case of the prior t. soJid electrolytic capacitor, thereby allo I ng the
G renat on IO PHEdsEERbIA | BoYE T e Sr A COMPEBATI H b o

sulting reduGldPR pridridit EAPIRASr.OMILE G Phbr art SIHPERLADY RNORLLITENbf 2)
' 10 4V, 56 pF with a conductive silver paste applied to the side surface of the
cathode member thereof is prepared and ESR characteristics are measured.
S ~ Table 2 shows the measurement results in comparison with the data on an

ordinary prior art capacitor. The capacitors are prepared in quantities of 30

for each.
15 -
Table .1
Average Standard
Value (mQ) Deviation{mQ)
Prior Art Capacitor 10.7 2.1
Capacitor of Exemplary
Embodiment 1 7.4 0.8
Table 2
) Average Standard
7 Value (mQ) Deviation{mQ)
Prior Art Capacitor 13.4 ) 2.6
Capacitor with Silver
Paste Applied 9.1 _ 0.6
20 - By applying a conductive paste to the side surface of each respec-

tive cathode member 1B, electrical connections are improved and further the
electrical connections are made more reliable as a result of mounting on
cathode lead frame 4.

The solid electrolytic capacitor of the present invention does not

25 require a conductive silver paste to be applied between capacitor elements 1




An SEC in exenplary enbodinent 2 is simlar to the SEC in ex- eng} é 5
enbodi ment 1 except that the configurations of anode and cat hode” "8 Y
frames are made different fromthe ongsgof the SEC in exenplary em 10
bodi ment 1. A description is given to t e aforementi oned differences only

with refere e to FlI nd FI.G 5. luralit f anode nenbers, 1A of
respect i ve & evr%‘ht’fge foaﬁact%% SHRey Paster %55 aﬁq‘ea af‘ﬁ%ern |°ﬁp"l‘%{§Pér§leand

~di sposed o catrﬁwﬁff n(gfth@r]ﬂﬁﬁ art $8Gd o O%i?atc%rofﬂé‘?é ﬂvevr .

plurality o ers "1B are 15 stac op of eac

layer s anding gpodietenaiont dfethe{I6C imnkk heltghodirestwﬁ aneereﬁucedtmhie eead frane
7, respectively. Each respective anode nem ber 1A is joined integrally to
anode IeadSPII*H’lﬁereéu?ﬂpl}ﬁ’s ickpesgphéhe ESpec- tive cathode menbers IB are
connect7§d integrally to connecting nenber 7B provided on cathode | ead
franme on the side of cathode nmenbers 113, which 20 extends in the

t hi ckness qu(@ﬁ Ia Eﬂ{b(ﬁh@@ﬁM) 1, via a conductive silver paste (not shown
i n the draw ngs Connectl ng menber 7B is prepared by bending '} in advance
part of each respé‘@t pEE em@c@npharzatemmmmﬂ\1@ﬁ1md@h@déh¢ §£&3 irgwe 7B into

a right an | i ke f renc |nJeveI alstothe
“t hi ckness g’f‘lpéﬁfé’neéﬁ Ocﬁ k"é‘c?ePhﬂ??é tﬁ con igugations P Ap a"‘fnd %%hl froer

at the pOSléakloﬁa{ﬂE@%é Eredwl%%iﬁ ﬁ'@n’ﬁbt% s oFhiBie JEC tih UkeRipla§t dthed
according to exenplary enbodi ment 2 of the present invention denonstrates

t he adMant hgéisneitnli.| dv descriptionoisegivefi toltbe aS€nientionedplifferenenbodiyent 1.
Only difference . from e plary enbodinent 1 is in a change of
the positi8hs'§ ferﬁﬂﬁ"dé’hﬁeéggﬁ?gﬁgé and 30 cathode lead frame 7 that also
serve as external A SIEARE ¢ MRS Abetd IA ofickbdotingf oERD 1 ool

wi thin the effectiveness “of t e present 1nvention. 6 June 2005 14

( Exenpl ar ysthobmblomeop o8 )eadin o8fe€ inrlapee mpldatiypesei aci omnsuFacsofanvdar to the

SEC in ex-_ e ary enbodi pent 1 except ha t he confj guratlon f cathode
| ead frama“ﬁagp}fﬂ’ﬁa di ‘FéEErﬂt ?rrg hfeP‘I‘fél 0?

enbodiyeent g} ké“d S'Etoﬁ% 3f %écﬁgb&%r i ég,@g@ng%&ﬂa@e@%ﬁrtﬁmbbp Qﬁ&’ b@ktfohﬁr ence

only with re erence
surfaces of cathode lead frame 7, respectively. Each respective anode mem-

ber 1A is joined integrally to anode lead frame 6 by laser welding. Respec-
tive cathode members 1B are connected integrally to connecting member 7B
provided on cathode lead frame 7 on the side of cathode members 1B, which
20 extends in the thickness direction of element 1, via a conductive silver paste
| (not shown in the drawings). Connecting member 7B is prepared by bending
) in advance part of each respective end of flat member 7A of cathode lead
frame 7B into a right angle. Also, a step-like difference in level, which
equals to the thickness of element 1 stacked in height, is formed on flat

25 member 7A at the position opposite to anode member 1A.
| The SEC thus sfructured according to exemplary embodiment 2 of
the present invention demonstrates the advantages similar to the ones of the
SEC in exemplary embodiment 1. Only difference from the SEC in exem-
plary embodiment 1 is in a change of the positions of anode lead frame 6 and
30  cathode lead frame 7 that also serve as external terminals. This much flexi-

bility of design is well within the effectiveness of the present invention.




Cat hode | ead frame 8 has connecting nenber 8A and hol di ng rrenbet{ 8B @fgat,-
are fornmed by bending part of cathode |lead frane 8, respec- tive {}'.nei ,
Connecting nmenber 8A is |ocated on stggk body 2 at the side op- posite to
anode nenber 1A. Each respective cathode nenber 1B of elenent 1 is

connect ed i]%tﬁé_grall to connecting nmenber 8A on the side surface ex-

tendi ng in¢ PRI EAodigentd) i on of el ement 1 via conductive silver paste

9. holding ”E”beré88t§ﬁ@°fnd X @%Fy gﬁﬁ%dﬁn%ﬂ% *1? sHRHGE tc?’?ﬂ'e %%%ﬂ{“eé%w faces

15 thereof. The S us structured accor o exenpl ary enmbodi ment 3 of

t he presentmiphargrimimdigenphekeaitahatl the doafipardattiice! citheds 1dad frhat iof an
i deal capacitor than the performance_of the SEC in exenpl ari/ enbodi nent 1
of the prawdgtdiffateatdrom the sae of tbe FESt inevemsplagy erdhedimenidli A dade t he

shorte 2 sible, An. SEC of 6.3 V., 100.E is prepared, in.quantities of
30 acodt di RPRY B5 Bhsaie) T ShuemintondiTricheP FRARA VRAHER Iho B
char acteri ¥1G:C6 and Figerreof are neasured. Table 3 shows the neasurenent

results in conparison wth the data on a prior art capacitor. 25 Table 3
Aver age Standard Cethiode loxd) fidewei &t honh(coheeetjing oiember At agdphelding 10. 7

2.1 Capacitor, of enpl a Enbodj mept 3 6.9.0.4 ( | ary, Enbodi nent 4)
A e | - eBins? B HaRBrd e & peRBnespes of Gt B8 et l. 6B 2005
15 enpl arytie@@pdi ment 2 except that the configuration of cathode |ead frane
is made différent fromthe one of the SEC in exenplary enbodi nent 2. A de-

scri ptlilbn i s gi veGotwediing mborben@dt iohedtadi 61 et@kcbocbnpthe lsideebpr ence to
108 and" hBTRI HSABRETEOR Hha (Eoaha ForEa I UETRFRE AP FlB&Thode | ead
tr/ame 1 is connected integrally to connecting member 8A on the side surface ex-
tending in the thickness direction of element 1 via conductive silver paste 9.
Holding member 8B holds stack body 2 on the upper and bottom surfaces
15 . thereof.
The SEC thus structured according to exemplary embodiment 3 of
the present invention demonstrates the performance closer to that of an ideal
capacitor than the performance of the SEC in exemplary embodiment 1 of
the present invention_ since the distance of cathode lead is made the shortest
20 possible. An SEC of 6.3 V, 100 pF is prepared in quantities of 30 according
to exemplary embodiment 3 of the present invention and ESR characteristics
B thereof are measured. Table 3 shows the measurement results in comparison

with the data on a prior art capacitor.

25 Table 3
Average Standard
Value (mQ) Deviation(m{2)
Prior Art Capacitor 10.7 2.1
Capacitor of Exemplary
Embodiment 3 6.9 (.4

(Exemplary Embodiment 4)

An SEC in exemplary embodiment 4 is similar to the SEC in ex- -




10, respectively. Connecting nmenber 10A is | ocated .on stack bodyGJZuHaEO(}She
side op- posite to anode nenber | A Each respective cathode nenber 18" of
element 10 1 is connected integrally jtp connecting menber 10A on the side
surface ex tending in the thickness direction of elenent 1 via conductive
silver paste 9. nnecting nenbe B is _placed betwee tack | ayers of

St ack. body BRIy PUBHAREET &FRor: teh e APEE T AL PHBols [at BUEE S on t he
upper and bolde difei i dif e g A Ghe SET HexSipld:)EnRIditiEhus ech agcor ding
to exenplary enbodi nent 4 o? the present invention denonstrates enhanced
reliabilit yeripti@oineitdroin hike af@esentonadcliffogeorenddy WiiB deferphacénl bet ween
st ack Iayeié og stack bhody 2 for connection in addition to denonstrating

t he advant g‘és PadElGed i n exem pl ary enbodi nent 3 of the present

neem 90, 20 (e SISO ARe R, L AHAT AL LB © 1

confi gur at heldigd neaiBadeC ead dré doBnéd by Rl ph@rdiatiddenehdigramne of - t he
SEC in exerrgl ary enbodi nent 2. How 25 ever, the connections at the anode

side are at®ugsPsetp@lY.or med according to a method similar to the method
enpl oyed in prepaping. the priaqr grt, capacitor el t stagk unit as FIG
31 shows. Since t WURSGIHS Bertss0e Raltsdted n sBgR PRy 2 acs 0% 98hc i on 1 s
in the conpofid RtdddeGhe®BbNPAC ERAkekpiBe cathite MehibRE 18Nof SeficHen to the

aforenmentioned difference in the configuration of 30 cathode |ead frane
only ViG h I és epmmrnted tnteg@llyl®. conngeting IneemblersteA pini the sifle sutfeccennect i ons

oL Lhe SnRaTn S R SES08T oS by S0

‘sHOWN i N t Qe AcRMig A mbRR 108 GlpIGatd 886y eHEREY 1kBroOb S1RRK QDY £3; | S

di sposed. 5-2. A pair of connecting nenbers 11A formed by bending both 5

ends of t henmmkotieme Héldedmeehdter T8bles!ds pwakdbddy 2 amnetupper @agddoty wi t h
tom surfaces thereof. |

15 . The SEC thus structured according to exemplary embodiment 4 of -
the present invention demonstrates enhanced reliability in connection be-
cause connecting member 10B is placed between stack layers of stack body 2
for connection in addition to demonstrating the advantages realised in exem-
plary embodiment 3 of the present invention.

20
(Exemplary Embodiment 5)

) An SEC in exemplary embodiment 5 is similar to the SEC in ex-
emplary embodiment 2 except that the configuration of cathode lead frame is
made different from the one of the SEC in exemplary embodiment 2. How-

25  ever, the connections at the anode side are actually performed according to a
method similar to the method employed in preparing the prior art capacitor
element stack unit as FIG. 31 shows. Since the important point made here
by the present invention is in the configuration of cathode lead frame, a de-
scription is given to the aforementioned difference in the configuration of

30 cathode lead frame only with reference to FIG. 10. A detailed description of
the connections at the anode side is omitted.

Cathode lead frame 11 has two kinds of structural member as fol-




cat hode nenber 113 of stack body 2 on the side surface extending 'gn tzﬁ(%
t hi ckness direction of elenent 1. In other words, in FIG 5 as ug B
describing the SEC in exem plary enmbggi nent 2 of the present invention,
there is provided step-like dif- 10 ference in level, which equals to the
t hi ckness of elenment 1 stacked in height, on flat nenber 7A at the place
wher e conn]é’éﬁ:ng menber 7B is not |ocated. But there is provided no

step- | ike differenqe 4 gk ehydr\:2X SHBLA M uR BB bndwRlcn! BRnpIESeNt

i nvention. Connecting nmenber I'S provi onl'y ©h one side of the flat

menber unl mkmbeenBesf stagk bedwo2ris 4Bpovdd.ch is 15 formed by bending both
upward and downward. The SEC thus structured accqording tq exenplary
embodi ment 5 of #te Hrsdenf cpAvingomeathesh dilhaf@angd py deading brREbi 1i ty

because el engn r e one, si h . i ddition
to the%adv%l{nz}%a%fz%ﬁe @%%gét?%{%ggﬂgﬂ nfé%?gb I'g?e‘?/'glféin%)og?ér%e%% 1{3&%}9 aq!)ﬁléﬂ g?esent

i nvent i on. cARodExammbar VB EIDALEBYIYS) AN IREGIdNsermbacdREbRdiRENt 6 i S
simlar to the SEC in ex- enplary enbodi ment 5 except that the

conf i gur at thigknsss direeidereof elgtnemtdme is nade different fromthe one of the

SEC i n exenpl ary enbqdi nent, 5. e.25 scription s gj,ven.{o0. the

af orement i oned di ﬁ’f 8@&5&%“8% \a é}(lg‘ns EXTALS eé‘?st‘}nlbf—l}%helg.Ebdé't #ode | ead

Cframe 12 hagrf Bm@8dith&S 6f dfd pUGEM AveABRIDSheASis pravidistef-like Aff | at
menber (not shown in the drawing), on which cathode 30 nmenber 1B of stack

body 20 s @rapesiad.leé]2 witcnrnepmlngo rhebeicki@ss faft eledany betatiked part of
he | afor al eneff Lah TP aier, Hprerd, Ui part Sena LaceLadi ot he s de
el st SR, AR, SrtRCihadied Wil coe
menber s 12nbatimedt byflihe gresgnbnivientinds Connecting member 11A is provided
only on one side of the flat member unlike connecting member 4B, which is
15 - formed by bending both upward and downward.
The SEC thus structured according to exemplary embodiment 5 of
the present invention demonstrates improved workability because elements 1
 are stacked on one side of the flat member in addition to the advantages
demonstrated in exemplary embodimént 2 of the present invention.
20
(Exemplary Embodiment 6)
D An SEC in exemplary embodiment 6 is similar to the SEC in ex-
emplary embodiment 5 except that the configuration of cathode lead frame is
made different from the one of the SEC in exemplary embodiment 5. A de-
25  scription is given to the aforementioned difference only with reference to
FIG. 11.
Cathode lead frame 12 has three kinds of structural member as
- follows:
6-1. A flat member {(not shown in the drawing), on which cathode
- 30 member 1B of stack body 2 is disposed.
6-2. Connecting member 12A formed by bending part of the

aforementioned flat member upward, the part being located at the side oppo-




5 of the flat nenber upward so as to make respective guiding nenpgr,s d#B
face opposite to each other. Quiding nenber 12B acts as neans for deter-
m ning the position of stack body 2. Thge SEC thus structured according to
.exenpl ary enbodi nent 6 of the present invention denonstrates inproved ESR

char act eri st USen iH}:gIH, int C are

i ncreased ?’E}tbgﬁ ggél n c%%qpi‘ggj?ggd%kwt ’ﬁg %ggg?tnﬁté%rgﬁﬁﬁzar@ ?/ﬁ) géw%éé?nent 2
of the pressmhbérniBrifi gack dody then rtheistdeapgdaddydleMerhgr thec i blagkes menber
| B declines, (Exenmplary Enbodinment 7) 15 An SEC in exenplary enbodi nent 7

i s simlar ditgctipp ofetementdy- enpl ary enbodi ment 5 except that the

i [ d f [ d i £ f t 0t f th
CSEC i 1 exenpl ary Snbouinanet bR afen B T forfieihy, beSdiah e Hha8” 1"
af or enent i ofeRe diat fr@éxﬁﬂsxeugwhﬁd ¥ 1B thah§¥ e rePetBve Bufdingd InemdBeGOMEECt i NQ
menber 13A provided on cathode |lead frame 13'is nmade | ong enough to cover

t he enti r e fadedeppsitedoccash whehofwidingbaember 02B stnek oy f2r fdoter-

connection. .The SEC tl}us ) ruclégrgd according to exenplary enbodi ment 7 of
the presenf PHEE RIS SRERFSPRLY 2npr oved ESR characteri stics because 25

connect i ng poi Nt s T8k 933t RAUESHEGHRIA ARl LIBIpILACERRSAMd Qpber in

conparison with the SEC i n exenplary enbodinent 6 o e present Inven-
tion and t He pessest amoantiony démedstratedh ingirorose BSRnivharatiGidres| bevassd ur t her .
(Exenp)] ary Enbodi ment, 8) 30 An _SEC in exenplary enbodinment, 8 is simlar to
the SE i nCRHLCCHRE| RHYLSph BDALR mem %éﬁtarpri&?rqaﬁ &R AYIRRAT 0 8- of anode

and cat hod 'g(ﬁlaq,-{hrﬁ{ge Eér i o, fs .SFC in
'je>§errpl ary Eanr]lG Jurlle 200% ellgl %g%ﬁ?rlg}r?{ ngb%ﬁilgéelgtc%&gﬁgﬁﬁi%gelgi13gglﬁfogﬁt he
af or ement | ambthediekiseendasoload withvedthodefrensiegd B dedlifes. 13 and FI G 14.
Cat hode |l ead frame 14 has three kinds of structural nenber as follows: 5

8-1. Flat nenber 14A, on which cathode nenber 1B of stack body
(Exemplary Embodiment 7)

15 An SEC in exemplary embodiment 7 is similar to the SEC in ex- -
emplary embodiment 5 except that the configuration of anode lead frame is
made different from the one of the SEC in exemplary embodiment 5. A de-
scription is given to the aforementioned difference only with reference to
FIG. 12. |

20 Connecting member 13A provided on cathode lead frame 13 is
made long enough to cover the entire side surface of cathode member 1B of

. ) stack body 2 for connection.
The SEC thus structured according to exemplary embodiment 7 of
the present invention demonstrates improved ESR characteristics because
25  connecting points of cathode member 1B are further increased in number in
comparison with the SEC in exemplary embodiment 6 of the present inven-

tion and the resistance involved with cathode member 1B declines further.

(Exemplary Embodiment 8)
30 An SEC in exemplary embodiment 8 is similar to the SEC in ex-
emplary embodiment 2 except that the configurations of anode and cathode

lead frames are made different from the ones of the SEC in exemplary em-




2 is disposed. 8-2. Connecting nmenber 14B forned by bendi ng part6 ufnegé{gt
mem ber 14A upward, the part being |ocated at the side opposite 10 anode
nmenber 1A of stack body 2, to connectgintegrally with cathode nenber 1B of
stack 10 body 2 on the side surface extending in the thickness direction of
element 1. 8-3. A pair, of_ guidjng rrenbe{lsé%4c f ormed :)dytbendi ng poth ends
of connect PRGN Yer A1 485G 15 Gvghitadhe afersmentionsd (differepces Oy body

2. On the %@g{&fé}gﬂge ‘00?.1‘?‘:'39%5%305?@1 ‘Eama 15 are simlarly provided 15

flat nenber . connec to connect anode nenber | A of stack

body 2 and gui di ngaffyileeleadSfaine Daitde thradinBberstrbbtrhl siaather fody 2.
The SEC thus structured according to exenplary enbodi nent 8 of the present
i nventi on &8lW¥strates enhanced stack accuracy because of the 20 use of

gui di ng- menbers 1 d 15C.in ditiogn to t.he simlar,gdvwant S
denonsttated in eg'gngﬂﬁtrﬁpemﬁd?%eﬁfl ‘%‘18% cflbi’é’%ﬁr%%lgh?r }ﬁ\}’ﬁf‘ﬁwﬁ&d&i t hough
the advant agegigles&d.i bed in above are denonstrated just Dby having any one

of cathode | ead frame 14 and anode |ead frame 15 pro- vided with the
gui di ng nenber, i 8- LonettngederhberhbAR: formdd bhdeodingoprat ahdlat 2&:mamnode | ead

~franes provid with th ui dj n nber. Exemmpl ary . odi nt 9) In FIG
62T P b Mo, Bo HeEbdifle Toeh e s b o RROHEE Botpde theraber
Genosit og SRE 48 pblly M6 Rodhtet BT vAH BAB AR PRIE stackD

menberlQl9 body 2 ahhthe gideesdréace2B tdndipg avilat thickmess dirediBon of pleaeat 10n t he

surface of cathode nenber 20 are forned b t ackin sol.id electrolyte 6
June 2005 19 |ay%T3-aﬁq@agaqﬁmwélqga%g%eb%wrfgfmgﬂgxxﬁbqq@%@% %gs) in

successi onye oSS RO ObBaRd (b Sl TafhodR ARAME TRTRGTud A1 SEC

i n exenplary _ Invention 1s structured as
follows: Sb&@yl2. A plurality of anode nenbers 19 of element 17 are stacked
on On the other hand, on anode lead frame 15 are similarly provided
15 - flat member 15A, connecting member 15B to connect anode member 1A of -
 stack body 2 and guiding member 15C to guide anode member 1A of stack
body 2. '
The SEC thus structured according to exemplary embodiment 8 of
the present invention demonstrates enhanced stack accuracy because of the
20 use of guiding members 14C and 15C in addition to the similar advanfages
" demonstrated in exemplary embodiment 2 of the present invention.

Although the advantages described in above are demonstrated just

ol

by' having any one of cathode lead frame 14 and anode lead frame 15 pro-
vided with the guiding member, it is preferred to have both the cathode and

| 25  anode lead frames provided with the guiding member.

(Exemplary Embodiment 9)
In FIG. 15 to FIG. 19, element 17 has the surface of an anode body
made of aluminium foil 17A, in which aluminium is a valve action metal,
30 deposited with dielectric oxide film layer 17B and then divided into anode
member 19 and cathode member 20 by providing resist 18 in place. On the

surface of cathode member 20 are formed by stacking a solid electrolyte




top of each other in layers on both upper and bottom surfaces of6 nocéjgoesl ead
frame 22 and a plurality of cathode nenbers 20 of elenment 17 are’st& d
simlarly on both upper and bottom surfqces of cathode |ead frame 23, re-
spectively. 10 9-2. Respective anode nenbers 19 are joined integrally to

anode lead frane 22 via through, hole 21 pr.ovided on anode nenber 19 by
Toote- t andehi Aahoge dayeto Lirhy o SEAR ddetireBRREERD o LIRSt e
integrallypl,fhefQ ﬂﬁ%’hiﬂlﬂ nbe rnm-§£ 1.466,88; ¢4t hode | ead frame 23 on

t he side sur- %5 ?ac ext%%gi n96| n the lﬁqegﬁness d?r ection of elenment 17
via a conductive fid SBEein pasingldrgotmbbidintenit o tolfethdrmresergsinvefidomdst i ng
menber 23A is formed by bending part of a flat nem ber of cathode |ead
frame 23 uptiastgredastollawsody thus structured is encapsul ated by insul ating

peck 29 50,19, okf A1 of$o08Y Bl 10 TRIEGOPFSLL Yocgtesp | oo

frame and cat exposed er surtace o

packagi ng tgsbNedch othdR @bl ¢ayeeadnf AR pp2r and boeloho gig fherdoff 4R i28d exposed
from packaging resin 24 are bent along the surface (not shown in the

dr awi ngs) 3k agidray rlurakitynof gathode meembersal§ oif elementul T aee staskied t ype

oxerpl ary. SHRMIHER OGRS andch Taamusirters R AR, MRt B Frame 22

by resistaggtelyding via through hole 21 provided on anode nenber 19 by
means of resistance welding electrode 25. At this tine, nolten al um nium
foil 1IMA is concef-2.tRespediiv;shdée miwmobgh Hohee Riined nuegedllpnimianodé oi | 17A

i s exposed, diirectly 30. on the inner. wall f through hqgl e wi t hout

diel ectri cleaQifg%m?i%ZmV\aa ?H%E(’&cél/é}rf’}‘@eg}f@ awe %E’@?q?eﬁe]rzgém.reﬁ*ﬁ'er ef or e,
the resi st@gg@w&ig%pg is allowed to be performed with exceptional ease
and reliability. 6 June 2005 20 As a result, not only the workability and
reliability of wefdi Respeetivstcatliddesmdntbets 20sarencommeted émeesmibt tal | of
deteriorated hernetici circuit he |jke e opserved since

ol teh b HIRCGHE GRemhd2 A %rﬁﬁt?‘-éi-de@é’ﬁlt %ngﬁ%ggt AgerZ3ofT 1Be fler¥reased
outsidg  face extending in the thickness direction of element 17 via a conductive sil- -
ver paste (not shown in the drawings).
Connecting member 23A is formed by bending part of a flat mem-
ber of cathode lead frame 23 upward.
A stack body thus structured is encapsulated by insulating pack-
20 aging resin 24 so as fo have part of each respective anode lead frame 22 and
cathode lead frame 23 exposed to the outer surface of packaging resin 24.

) - Anode lead frame 22 and cathode lead frame 23 exposed from packaging
resin 24 are bent along the surface (not shown in the drawings) of packaging
resin 24, thereby realising a surface mount type solid electrolytic capacitor.

25 As FIG. 19 shows in detail, the SEC in exemplary embodiment 9
has anode member 19 joined to anode lead frame 22 by resistance welding
via through hole 21 provided on anode member 19 by means of resistance
welding electrode 25. At this time, molten aluminium foil 17A is concen-
trated inside through hole 21 since aluminium foil 17A is exposed directly

30  on the inner walls of through hole 21 without dielectric oxide film layer 17B

- covering the surfaces thereof. Therefore, the resistance welding is allowed

to be performed with exceptional ease and reliability.




5-The SEC in exenplary enbodinment 9 is prepared by stacking four Jof 005
el ement 17 on top of each other in |ayers and ESR characteri sticg ‘5‘?&
measured. Table 4 shows the nmeasurenmemrfpresults in conparison with a prior
art SEC. The SEC is prepared with the ratings of 6.3 Vin wthstand
vol tage and 47 F in capacjtance, and in tities of .30 each., The neas- 10
urenent is conduct¥d ﬂ%ﬂfgﬁ’ Wﬁ@nkyoﬂ}ﬁ W’B‘%’qﬁ?y s I?JF@IQWdogWe&imgﬁPe 4
- Average M g BHmeNBkMED HARI Fenc¥a! el BRAMAIHEH BrmEH i, ThBHL)

Devi ati on NS B cutatte Ts BeQiniengtS.ptah Bdgridtaicl Koty T08HS) 5 13,5
0. 78 EnbodirpeitingSantisthediitccart abseavddysiabewsyltdnha uitivimn feik dmpl & pre-
enbodi nent 9 hgs 1':} a small_variation and, a | ow average val ue in ESR
char act er i ¥¢ited completelprom beigeagleased puisidene wel di ng bet ween anode nenber

and ol S wi th ot abi Ty hC bl S8R tyo i SRRt FE g e e ot
t hrough hobg eleddertr OViohe tor0df AGHEptHEM R ajlés dnd ESRS Cha4ampPisess ae

plurality of circular 20 through holes 21A are provided on anode nenber 19
and el ongatgaseicdcullable: fr dhogts ;easwremendrigyilée dn cemmeennwifber 19,

t her eby expandi ng e r f welding. . figurati f .t he t hy ough
ol o ar o PAOLERCRBEY TRESEC s, Prbral sl The s sdkea Vb ihetehape.

di mensi onsvgifghd Bed UTKEER Gh APASieanddBAREn §8ant?Red ERSURIBRY ERDQskazent 10)
An SEC in exenplary enbodinent 10 is simlar to the SEC in ex- enplary
enmbodiléknt uenend éptondiatedusgeaabe condidiapadddOddinend 20 E€pect i ve 6 June
2005 21 anode nenbers. A description is given to the aforenentioned

difference only with reference to FIG 21 and FIG 22. Spacer 26 is forned
‘td have al nost the same size as anodg,yiepber

Average Minimum Maximum Standard
Value (mQ) | Value (mQ) | Value (mQ) | Deviation(m$))
Prior Art 18.6 ‘ 9.8 35.7 4.17
SEC in
Exemplary 11.5 9.3 13.2 0.78
Embodiment 9

As Table 4 clearly shows, the SEC in exemplary embodiment 9 has
15 a small variation and a low average value in ESR characteristics. This fact
indicates that the welding between anode member 19 and anode lead frame
22 is performed in an extremely excellent manner and also with stability.
FIG. 20A and FIG. 20B show different examples of through hole
o 21 provided on anode member 19. In these examples, a plurality of circular
" 20  through holes 21A are provided on anode member 19 and elongated circular
through hole 21B is provided on anode member 19, thereby expanding the
area of welding. Configurations of these through holes are to be determined
appropriately in accordance with the shape, dimensions and the like of anode
member 19.
25
(Exemplary Embodiment 10)
An SEC in exemplary embodiment 10 is similar to the SEC in ex-

emplary embodiment 9 except that a spacer is disposed between respective




19 of elenent 17 and joined to anode nenber 19 by resistance welﬂugg via 5
t hrough hol e 21 provided on anode nenber 19. An arrangenent in s e is
nmade so that a conbined thickness of spacer 26 and anode nenber 19 af- ter

wel di ng al nost equals to the thickness of cathode nenber 20 of el enent 17.

A plurality of elenents 17, each fornmed by jqini spacer .1.0 _anode
menber 19, YA RISy o {sEriBHopasreiyehde e ¢ arengesh i SsRtaces of
10 respect]| r ode lead frane 23. The side of
cat h- ode %ﬁ’b‘ggﬁggfe%g?#gpnfgg?gé%ﬁ@%?gl ve adhesive (not shown in the
draw ings) and tBeacird®s ieffoanedieo mvdeimds ths smenéck hyaneki mtmber

wel di ng. The SEC structured as in exenplary enbaodi nrent 10 has_anode | ead

frarrF 22 ﬁaaa Oiﬁé@@?%%éfdiglqeé!tﬁe@%gét’ pr g?d)stb‘fé?n%Wﬁ%%g ¥2a 15
bor 103t af RERERRDI Bl RAAPRh WPt Pucifer 0¥ RE et iR W SR BRETS, T

layers isid @kd€do iRatanosiabirRadhidlabs R spicet 261 Aldaanarieakbaibeg 1 9tater eby
facilitating the welding process. Further, the surface of wel ding

el ectrode tff welding aimmst equalditnghe shicknessrofreatherenmemben @deoindatient 19 i s

| ded direct| d.es 20 i all t hi | di. ' t ed.
The adopt | S o PEPAER of GIERRAVE o0 Fated LY ORERiRe sPafti A 1bAnpfEm
occurring, pehffegby, akd QWicREd hCtopPsPEMEH bilidrYinOfhy¥Rl 6h DB tIRLKat& BF

i nproved. Spacer 26 also acts as a height adjusting means for anode nmenber
19 and0 whesspegisceanddé lead fiagpo22 dndnatwdddeatkfrbme 2D Ghe sideneineath7, t he

25 thickness at the .side of ode nenber 19, becones al nost ual to the
thi ck ness® membisFY 15d H 2 gendyctixe @%P?S”o’lﬁgg‘ét glé‘??ﬁ%lm (%ge |%§a‘?5"r event ed
from gettj r:eak: o I racks or
ot upe oni2i®), PERincARde AFBLERS Ritnli 1D11E A0S by e ElRE Srellthet | 20KE 1t he

surface of anode TheBEE€rstibtutddersainyexzin padyngmbodiSie@t Wit nsaanodw bk age
current to_be pro- 30 duced wiith stability. Leakage curr t he SEC

thus struclemed?d uexasieampmbishodl Joinghttogerhsy Vt‘%épﬁ?%sggbi? f &htd on are
recsues RUTHALT 5 OB AR NS AP LRSS
SEC s is 6ba M stadkédeithuaphirhligsodtlebiuntSET o ppepbsat dther in layers
is joined to anode lead frame 22 by resistance welding, thereby facilitating
the welding process. Further, the surface of welding electrode of resistance
welding is contaminated when anode member 19 is welded directly and es-
20  pecially when this wélding process is repeated. The adoption of spacer 26,
however, prevents the contamination from occurring, thereby allowing the
. ) productivity of welding work to be improved.
Spacer 26 also acts as a height adjusting means for anode member
19 and, when spacer 26 is disposed on anode member 19 of element 17, the
25  thickness at the side of anode member 19 becomes almost equal to the thick-
| ness of cathode member 20. As a result, anode member 19 is prevented from
getting bent and depressed for breakage. Thérefore, no cracks or disruptions
are caused on the dielectric oxide film layer formed on the surface of anode
member 19, thereby allowing an SEC with a low leakage current to be pro-
30  duced with stability.

Leakage currents of the SEC thus structured in exemplary embodi-

ment 10 of the present invention are measured and Table 5 shows the meas-




t he neasurenent are 30 for each. 5 Table 5 3 Stack 4 Stack 5 Sta g é%ack
Layers Layers Layers Layers (nA/2 min) (nAY2 mn) (nA/2 mn) (n r%\
Prior Art 128 329 901 1210 SEC in Exenpl ary Enbodi nent 10 95 113 142 195
\ } As Table 5 clearly shows, the SEC in exenplary enbodi nent 10 of the

resent in 2 and anode,mem ber 19
!to 0 join to\ﬁgga%h&(;{eﬁléirtg\i?r B%a?@% Qf gop rlq%a%vxg c‘f’ﬁﬂ%‘ar{l Voﬁt\aﬁFm s 10
ing the strofgke inagerd SPCRNOAL3 rveai@@rthelauaxmtb&, 6ieﬁie|§@©s ﬁr@ﬁé&ﬁ%@cm eving
a great reduction in | eakage currents. Particularly, when'the nunber of
stack | ayéhemepswemenherel¥0 for eachcr eased, the af orementioned advantage is
nore promnent with resulting suppression of |eakage currents for the SEC
This advantage is valuable for an SEC, in which capacitance is increased
by in- 85 creasing the nunber of cappgijtgr el ement |ayers to be stacked.

(Exenpl ary Efbodiment 11) §em OEC T tar o ymlar to
the SEC in ex- enplary enpp eqent 10%@%‘2{;}3 trngt%ﬁse conm | uratlon of the
spacer di gposed 20 betweg ¥ Erg gﬁ r%ﬁ?iélléfrﬁ ng %}n 1

q eq

adj ustment i s changed. A hn4 g‘?‘ O
di fferenc PRI AL TN r(ETe enc&go FI G 3%91 L)l:pl e@b‘lu" ‘j A :121) rded on

spacer 27 {ructurea as—to—be es th—fhe—-end P& ode
ngnber- 19 5 Cé’ln n%er%np 93,’ L he Ed paft %i bei ng 2 HEd Iike 6§5pr01 %ction.
Wth the SECPROHEN L Yar vl enbddi ment 11743 thn pr nvent¥Pon__anode
menber 19 of elenent 17 is f|t I n depression 27A and spacer 27 is joined
to anode nenber 19 by resistance welding via 6 June 2005 23 through hol e
l?l?t)provi ded on andddabderberiediy sHdves, SEESER Stonistaty efbodinesenid af y
odinent .11 all ows the ﬁ3|t|on| ng of elenent 17 agai nst spacer 27 to be

per f or med B}ce;gegg}tynventlon a

ber 19 to join to each other strongly but also allows a structure for minimis-

-]

no

ows not only anode lead frame 22 and anode mem-

10 ing the stress imposed on anode member 19 to be realised, thereby achieving
" a great reduction in leakage currents. Particularly, when the number of stack
‘.layers of element 17 is increased, the aforementioned advantage is more
prominent with resulting suppression of leakage currents for the SEC. This
advantage is valuable for an SEC, in which capacitance is increased by in-

15  creasing the number of capacitor element layers to be stacked.

(Exemplary Embodiment 11)

An SEC in exemplary embodiment 11 is similar to the SEC in ex-

e
S/

emplary embodiment 10 except that the configuration of the spacer disposed
20  between respective anode members for a height adjustment is changed. A
description is given to the aforementioned difference only with reference to

FIG. 23.
Depression 27A provided on spacer 27 is structured so as to be
meshed with the end part of anode member 19 of element 17, the end part
25 being formed like a projection. With the SEC in exemplary embodiment 11

-of the present invention, anode member 19 of element 17 is fit in depression

27A and spacer 27 is joined to anode member 19 by resistance welding via



t her eby producing an SEC of high reliability through the wel di ng6¥\orlﬁ-(g€r 5
formed with nmore increased reliability in addition to exploiting®tié A% an-
tages simlar to the ones in exenplary®nbodi nent 10. (Exenplary Enbodi nent
12) An SEC in exenplary enbodinent 12 is simlar to the SEC in ex- 10
enplary e I iguration of the spacer disposed
bet ween rg%?ggﬁ@glégégg&%%é?%h %??%e(iﬁtg%rg]%’ adj ustnent is changed. A
description is giVite SECtthas atracaredtih axethplidf emBoginan! M WisWws rtgé er ence
to FIG 24. Spacer 28 is provided with bent sections 28A fornmed by folding
15 back ea®Bsigfongg pfeplgmsat tly ggaishcpacas2@xtepei performedirmeaciablyr e spacer
28 and an nber 19 ar ought. i ntq.contact wi.th each other, thereby
for- nul at %%e@eg&%qcéng ﬁﬁ%?ﬂ%@"i%}%}bﬁr]f"g”@% h@ﬂ‘(‘gg&ﬁi WS?@?%MO%&%% bent
 sec- ti®Ns faGhed With fRrERRkBiseRORIfabANS PPRRALDE tbpe;@@&i in@! fh8radvandi Sposed
the end part of anode nmenber 19 shaped |ike a projection.” Then, spacer 28
is 20 joi néapessimiadt thernes il oxémplary iesttodimentl @i ng via t hrough hol e 21
pro- vided on anode nenber 19. The SEC i n exenpl ary enbodi ment 12 of the
present invention has advantages simlar to the ones in exenplary
enbodi nment 1Sy oubl e I ayered structure of bent sections
- 28A, whi ch(%%eerﬁglg?)enggib?:‘dﬂggl?thlénd 25 parts of spacer 28 by being fol ded
back, respecti vel hn $EKenpdxamplaybedboginient I2 Arsifiarito tha SR & ¥x-
enbodinent 13.is simj)ar to the SECin ex- enplary enbodi nent 10 except
that the cohelarycmbligent K@ exepnt dhatyiherpndiguraoon ef ecspaces fsposed anode

menbers f op.@, G Q eﬂeéﬁ#ﬁ@%eﬁ'ﬂgm’[ ﬁ)g‘ngg%%q &Caf‘uétﬁieﬂl 09 RELNEEN 4 he anode

menber and the ano l'ea rane are c escription kS gi </Aen to the

af/or enent i dexediptiohfiergvaet e yfovérhbnti @iy giffReficol bily WRATefeddnddtd! G 25

and FIG 26A through FIG 26C. In FIG 25 and FIG 26A, spacer 29A has

t hr ough hoFE.}-SQﬂA at the position corresponding to the position of through

ol e Za Providod ShadRoftis BRAREL WP bel SERMnsToa YoAREH 0, rorflirg " 19"
15 . back ecach of both end parts of spacer 28 excepting the area where spacer 28 .

and anode member 19 are brought into contact with each other, thereby for-
mulating a double layered structure of bent section 28A, Between bent sec-
tions 28A thus formed at positions opposing to each other is disposed the
end part of anode member 19 shaped like a projection. Then, spacer 28 is

20  joined to anode member 19 by resistance welding via through hole 21 pro-
vided on anode member 19.

The SEC in exemplary embodiment 12 of the present invention has

"‘-u..-/

advantages similar to the ones in exemplary embodiment 11 by realising a
double layered structure of bent sections 28A, which are formed of both end

25  parts of spacer 28 by being folded back, respectively.

(Exemplary Embodiment 13)
| An SEC in exemplary embodiment 13 is similar to the SEC in ex-
emplary embodiment 10 except that the construction of the spacer disposed
30  between respective anode members for a height adjustment and the method
of joining between the anode member and the anode lead frame are changed.

A description is given to the aforementioned differenges only with reference




5 lead frane 22 at the correspondi ng position, -also. Accordingly \Ah§5|005a
plu- rality of elenments 17 are stacked on top of each other in |%{Pé‘F n
anode lead frame 22, through holes 2R4rovi ded on respective anode nenbers
19 and through holes 30A together forma through hole running through all

t he conpoggpglgﬁgfrgﬁ?@q@ kA Uhi %Fﬁ?é@k body. Rivet 31 is inserted in

the 10 throug orned as de I n above and anode nenber 19 and

anode |ead franmel2FIar 5 midnEHGW26A, eparler 0VAEhadthr SO O B0OX&lt tBd. As -
other ex- anples of spacer 29A can be considered such spacers as spacers
29B and 29esisoBsogesrondingta the grstiomeel thomghboldd, provided phaapge

Accor di ng ribed in aboyve, ;anode l.ead fra 15 22
and anode hn%#%ﬁek?l 95§§%H{?§{ qzhﬂﬁ%ﬁwﬁ@& %@g&lﬁgﬁm&e{ FSOB@V)]/& PR&86° t he

j 0i ni ngs pr bedsframan2ba tﬁefcbﬂfegpéhd/m? hRuitidhS lal. aAWES ™id}y "REBL BEpludS a
result, a high performance and highly reliable SEC is nade available with a
si npl e protaleviodelementp 1drate ptasded toincloprmdtdachl otk iqBapers|car yncddetioad nent 14)

An SEC i i 14 | iml to th EC i n- ex-
A oot PS4 TR RS Lol edieh Eet vt BRoB Fambir S aR) 2 e
and the anaﬁeléglmlésr 30R toucthangsith aAﬂ%ﬁg}g 'Hgiée %Izﬂ%ﬁlgggﬁl%ﬂgﬁoaﬁ he

af orenenti oned change only wth reference n“the simlar way
as i n exenptrapynarimaisresnstik@iing pheevtadOhoflpr Rivdiedighd iaschrteskt imenhe i S

provi ded w,th hy ough hol e, at..j he position, corre- sponding to through
hol e cz{i) p%P@HhBi? ﬁéﬁ@aa ASeIEHDYb i AbaYe ARk ERadE memples, 1 hard RBPAY hr ough
hol e is previdedy | T NQst: - 140N 4GO nding to
T ough hote g B O AR AR cffer v ) L A B B e
'si’mi | ar weymplesiof speesplany canibediorsiderdd,sushepacers! 44 dhacetd R9Bf aml enent s

Frame 22, 596 RFOUGH RO IFSIaORGIES 2B SUCHIG WagedBaitnni ng through all
“provi ded on r espent i etthe ABRTE SUARRIEL TERBSLS SRaPICa BT, | 10"
in theScortdl and anodgnteniburol®ardabe ohhufoihed MBghthdharaiply BdtQbd ehan-

Joining process can be performed without using a welding machine. As a

result, a high performance and highly reliable SEC is made available with a

simple production setup and production method.

20  (Exemplary Embodiment 14)

An SEC in exemplary embodiment 14 is similar to the SEC in-ex-

e ~ emplary embodiment 13 except that the method of joining between the anode

member and the anode lead frame is changed. A description is given to the
aforementioned change only with reference to FIG. 27.

25 In the similar way as in exemplary embodiment 13, spacer 29A for
a height adjustment is provided with a through hole at the position corre-
sponding to through hole 21 provided on anode member 19 of element 17.
Also, another through hole is provided on anode lead frame 22 at the posi-
tion corresponding to through hole 21 provided on anode member 19 of ele-

30 ment 17.

In the similar way as in exemplary embodiment 13, when a plural-

| ity of elements 17 are stacked on top of each other in layers on anode lead




5 ode nenber 19 and anode lead frane 22 to be joined together. Ag?u%?b(%gl Y,
the advantages simlar to the ones realised in exem plary enbodimen 3 _
can be achieved with the SEC in the prEsent exenplary enbodinment. 10
(Exenpl ary Enbodi ment 15) An SEC in exenplary enbodinent 15 is simlar to
the SEC in 3 la [ _ t t [« 0L} Ng
bet ween o amodey g e BFTR forkb i RAkh f Hay, B (AR WpBudihl

descri pti orhionghi eles tX1 phevided wre pespetiine dmodangembetsy 19 4di fefoagknce to
FIG 28 ang]@Fl G 29. 15 _ A through hole is provided in advance on spacer
33 and anodé@lesnpipyaded onyesRerdbte GRaoprs 2RA. pdsindustize gFilvies gsstst B st hr ough

hol es are i i . . I d.the.through | es _are swaged

t oget her f rff)}%]dtg ﬁ:tﬂe‘gflogjeho%fg%%é;k&rgg&} gﬁg’r%‘gsgﬁgggd’ ﬁ{)ei’# afgnwlggj%&-n bot h
toget hef. bliEmeberstwisd bieiSWag TEhnRARY tdbe jiRUUbRLtEY, Of the | oi ned
bodi es, each fornmed as 20 described in above, are stacked on top of each
other in piles anddcardigghy, Ithe aduvameges sigeildreto the drsercalistdlimgxamd t he
like. } Accordingly,. the advantages sim.lar t he ones realised in exem
pl ary errbo@%’ﬁéﬁ> st l)gc%‘&ﬁf?é’ggifv\ﬁitvﬁﬂ? Hhe %EE W%Fﬂ’éeiﬁné%?fflpg’%rrpl ary
enbodi ment ¢md3diRegxenpl ary enbodi nents 1 through 8, a description is
primarily given to nethods of reducing resistance at the cathode side of
capacitor elenent stack body. In exenplary enbodi nents 9 through 15, a

descriptio i s priparil DY to met hods of reducing resistance at the
anode E‘# deaéﬁe %l-a%gg}bt"g mgﬁlteﬁgnt stack body. By conbining these methods
toget her, equiva 3ZQ &got; e‘hrgp‘i i J v L erd St _to the
ones of the nost idea clg- pa |?fafélgr%e&lgl?{%m}e%gﬁ?%hﬁgrﬁégﬁ?s@£§§%§une 2005
26 CLAI VB ethplaty seiticdimbrCtd ekydpt chataha ehdthod ofipining betweth the GAPAE t OF

el ement stack body fornmed by stacking a 5 plurality of capacitor elenents,
sai d each F’é@ﬁ’é&ap@ég%&ﬁ%? ‘iﬂdﬁ'émériérﬂhaﬁ& nds dpscaiiinn ivegiver taile a

- cathode megRel, Lot Ry change only with reference to FIG. 28 and FIG. 29.

15 . A through hole is provided in advance on spacer 33 and anode .

member 19, respectively. The positions of respective through holes are
aligned with each other and the through holes are swaged together from the
side of spacer 33 towards anode member 19 to join both together. FIG. 29
shows the swaged part 34. A plﬁrality of the joined bodies, each formed as

20  described in above, are stacked on top of each other in piles and integrally
joined together by laser welding and the like. |

Accordingly, the advantages similar to the ones realised in exem-
plary embodiment 13 can be achieved with the SEC in the present exemplary
embodiment.

25 In exemplary embodiments 1 through 8, a description is primarily
given to methods of reducing resistance at the cathode side of capacitor
element stack body. In exemplary embodiments 9 through 15, a description
is primarily given to methods of reducing resistance at the anode side of ca-
pacitor element stack body. By combining these methods together, equiva-

30  lent series resistance characteristics closest to the ones of the most ideal ca-

pacitor are allowed to be realised.




by dividing an anode body made of a valve action netal and .-being_ forped of
a dielectric oxide filmlayer, a solid electrolyte I|ayer and a IR

| ayer stacked on top of each other in layers 10 in succession on a surface
of said cathode nenber; b) an anode |le 6frane connected to said anode
menber of capacitor el enent stack bodyi“and e) a cathode |ead frane
having: cl) a flat nmenber to di spose said cathode nenber 16 of capacitor

el ement stack body thereon, and c2) &lcAlviScti ng nmenber to connect
integrally with said cathode nenber of capacitor elenent stack body on a
side surface of said capacitor elenent extending in a thickness direction

thereof, said comnegtsion Eksdiol v chai p@eitor A byidiagdi ng two ends of said
flat menber upward and downward with respect to said flat nmenper, )

respectively. 2. 8% sofeBaeitest plament ekarleihaty dompraditygstackipeaa
capaci t og ggﬁﬁg%ﬁ@fKag‘agi/tofr%f@ﬂemss%aa“ih' Egcg ﬂé;%ﬁl{{gkiré Yca%adpg%@c' tor

. el enents, respeciive capacitol ~elenen an a nmenber
and a cat hoel:menbdrafiorgred ahyddi mieei gy am damocket otk :oaddeoffoanved ve
d . .heing for fadielecticoidefilmlaégalcﬁa olid

action rreta{) an g

el ectrol yt PBOHAREAG 2004 504y RS phktrE AGh Gt B rin
layers 6 JupgimdPermed bP £SUSERSTrRY oRPde Mtk BoPefa S cdédbadeyt@TOer |
b) an anode | ead frane connected to said anode menber  of capacitor el enent

stack body;lagies ang)a pashodedtarenatasked amdpRp! saeh othescinderer® nenber
to gonnfﬁt fmgﬁg'ééé4i$n%Lm sﬁi‘&e&'cé?%k*h%% $de MamdRaci tor element stack

body on"a 'side Surtace of sald capacitor el'ement extending in a thickness
direction thereob) smdancde lead frame connected to said anode member

L of capacitor element stack body; and
¢) a cathode lead frame having:
e¢l) a flat member to dispose said cathode member
15 of capacitor element stack body thereon, and
¢2) a connecting member to connect integrally with
said cathode member of capacitor element etack body on a
side surface of said capacitor element extend‘ing in a
thickness direction thereof, said connecting member
20 being formed by bending two ends of said flat member
upward and downward with respect to said flat member,

regpectively.

2. A solid alectrolytic capacitor comprising:
25 a) a capacitor element stack body formed by stacking a
| plurality of capacitor elements, said each respective capacitor
element having an anode member and a cathode member formed
by dividing an anode body made of a valve action metal and
being formed of a dielectric oxide film layer, a solid electrolyte

30 layer and a cathode layer stacked on top of each other in layers .




c2) a holding nmenber to hold both upper and 10 bottom surfaces g} s%d
capaci tor el ement stack body, respectively. 3. The solid el ectrof$fi 0> ,
capacitor according to claim2, wherein at |east part of said cathode | ead
frame is 15 disposed between stack |ayers of cathode nenber of said
capacitor el enent stack body. 4. The sddfd electrol ytic capacitor according
to claim2, wherein said connecting nmenber connects integrally with 20

sai d cat hodgn ERI¥REEsRfn 6APAGKPAcEbERIH &ilWddambara side surface of
sai d capacitor el enent extendlagdg_ in a thickness direction_thereof and
i

located at a sidélopposnedetlsashifnameogenngshpricopasdpreedermemehent stack
body. 25 5., c%égbi&éﬁ!ﬁ&gﬁ%’% %mﬁf‘ﬂ%' ig{lucorrprl sing'. a) a capacitor

el enent stac y stac rality of capacitor elenents,
sai d each respecte)vecathode tlend Rlaeweitaviaging an anode nenber and a

cat hode nber fornmed di vi di ngq an anode body nmde of a valve tion
met al ange30 bei ng for‘ﬁﬁéao‘f"%“%‘f chpﬁn&b%&il%ﬂeg"fl?"??ﬁq é95§g,rajhgow.

electrolyte 6 JungidQQRnhodd h¥EheRde G yrAti f Q1o A%t §t:aIKBAdagNohap Of

each other in layers in succession on a surface of said cat hode nember; b)
an anode | ead fr&ideconnfneedft saddi ¢apnotkernmlborentof extmpubingorine|s%enent

st ack body; and a2 cath . fr ving: cl) a flat nenber to
di spose sai d cat ﬁgggekﬁ%%gﬁéj%#%g%ae&e{%gfa& enent stack. body thereon, c2) a

first connecting nmenbesZ)t aa chohdinig | meambat | yo \hold dmith cappede ametrber of
capaci t el enen ack 1Q body pn a sSide syrface of said,c L tor
el ementféxt endi né"? P ?Pﬁrgﬁﬁ%%smﬁi%"e‘ét icc?r?aﬁ’lg?’éo?el,e’gan FT’?‘E‘?aﬁSgH‘hecti ng
menber bei ng for peghbytikendi ng two opposite
L
3. The solid electrolytic capacitor according to claim 2,
wherein at least part of said cathode lead frame is
15 disposed b_etween stack layers of cathode member of said

capacitor element stack body.

4. The solid electrolytic capacitor according to claim 2,

wherein said connecting member connacts integrally. with

20 said cathode member of capacitor element stack body on a side
‘surface of said capacitor element extending in a thickness
direction thereof and located at a side opposite to said anode

} i membex of capacitor element stack body.

25 5. A solid electrolytic capacitor comprising:

a) a capacitor element stack hody formed by stacking a
plurality of capacitor elements, said each respective capaditor
element having an anode member and a cathode member formed
by dividing an anode body made of a valve action metal and

30 being formed of a dielectric oxide film layer, a solid electrolyte




ends of said flat nmenber upwards to be facing each other, .and 1€J03 a
second connecting menbér to connect integrally wth said cathod®e'fig r of
capacitor elenment stack body on a side surface of said capacitor el enent
extending in a thickness direction thereof, said side surface being

| ocated at a side opposite to said anod® 20 nenber of capaci tor el ement
stack body. 6. The solid electrolytic capacitor according to claimb5,
further compiy&i Bedla RBithode Ditysd RYadRID VS t6PIdEEa bl othrndindayues
opposite ends of said connecting menber to guide 26 said cathode nenber of
capacit or elemmrecessitak opodysuxface ofsspidgeaihade embercapaci tor conpri sing
a) a capacitor elgnent cky bo cKl . '

capacitor el ement}3 ,agafgkggc}"lebaf(g)s%é%%gn?aéﬁg%ﬁt%é:lr %gég %ﬁéﬁ%ﬁ%ﬁtﬁ%{’/%g an
anode nenbebsf aadaaiat drdeentntackiipsdwdandIune 2005 29 by dividing an
anode bogy made 05 a val VS aigtio rne*ta‘:I1 and ., being formed of a dielectric
oxi de fiPm | ayer © & &afhpde lead W& and a cat hode | ayer stacked on
top of each other in 'é‘i’)e'hstildﬁ"'n?érﬁ%%%d)r&iﬁﬁoée_Sérla[ifda%ﬁtﬁﬁd%ahﬂnﬁﬁéimde'
menber; 5 b) an anode |ead frame connected to said anode nenber of

capaci tor el ementofstsgaeiboriplemmehtcytack badiiddeeredad frane having: cl) a
flat nmenber to dispose said.cafhode nenber  of, capacjtQ ck body
-thereon, 10 c2) a conng tf*n’é"ﬁ%ﬁ'ﬁ’é‘r’“‘t" e r{’ﬁgabﬁrﬁ?%gcroﬁ %/cqw?ﬁéﬁgrs%%’g : :
cat hode nenber ofwithpagiiiorcathedentmsindels Rddapurcitorsi el=msentaeeack said
capaci ti)r el errenb gxtendi ng in.a thi{‘)quness di regtion t her eof lsai d side
surfacelBeing | BOSFed®Bt & 48 oPPHACe 06 S8 SFRRRCHRptiegpent 5
g:a5)acitor el enenzbARKnPOGEN, a@Nfhickness direction thereof, said first

connecting member being formed by bending two opposite
ends of said flat member upwards to be facing each other,

. and

15 ¢3) a second connecting memher to connect integrally
with said cathode member of capacitor element stack
body on a side surface of said capacitor element
extending in a thickness direction thereof, said side
surface being located at a side opposite to said anode

20 member of capacitor element stack body.

6. The solid electrolytic capacitor according to claim B,

—

further comprising a pair of guiding members formed by
bending two opposite ends of said connecting member to guide

28 said cathode member of capacitor element stack body.

7. A solid electrolytic capacitor compriging:
a) a capacitor element stack body formed by stacking a
plurality of capacitor elements, said each respective capacitor

30 element having an anode member and a cathode member formed




c8) a pair of guiding nmenbers to guide said cathode nenber: of cgtpac'b{)i
el ement stack body. 8. A solid electrolytic capacitor conprising; iy (%ra
capacitor elenment stack body forned by stacking a plurality of capacitor
el enents, said each respective capacitor el enent having an anode nenber

and a cat hode nenber fornmed by dividi r?g?an anode body made of a val ve

action netal, and _being forned of a dielectric oxide filml a¥e{, a .solid
el ectrol yt ebZsdreiddngagd anodadndy qyadesehcketrlyd @651 BEEAL AHer in

| ayers in ' [ - Of I, Ce- €At '
provi ded wi PRESE PRFALA B BHEIAGRioxiBl bl DEPE TRRIL AREORUE, e
.connect ed t bayaxt dndnadeathanbelayef staphedtor tepenatcht aiiehonlayened 80 c)

a cathode | ead frane, connected to sﬁg d _&ath de, nenber, 6_June 2005 30 of
capacitor elRFMFCeEFin opoR pudacs it wjdi cathiade ek capaci t or accor di ng

to claimg8, whengi BnaznRaceled® Mad doRnRRLYRELo SAiid hasAeCkiabef anode
menbers of capacitor el enent stack body. 10. The solid electrolytic

capaci tor aefepprsitaroeleament $tackheedynandi d spacer is provided with a
recessed area to | of .capacitor elenment fit therein.
) FQ%Ftﬁ?%g I%Ia(&dﬁ'a'ﬁgggmﬁ(’go

10 11. The solid él’'ectro I'C "Capaci according to claim9, wherein said
spacer is folded back é1) pl dbeis nexmbudi ©1g diapaseasaithenthsdedmember menber

of capacitor elengnt and said spacer, arge hroyght into contact with each
other 55 3. CTheTEARRIERE P B Tt BORY HEGRA%h i ng to ol aim O

wher ei nygai d spacer i Sed) Qvisiefledihly AdmborGd EPhRechanlegidmoughtiol e
being | ocated at a'goleon corresponding to a _place where said through
.l

hO} e provi ded onsgidsadhode member of capacitor element stack body on a
side surface of said capacitor element extending in =&

thickness direction thereof, said side surface being
located at a side opposite to .s-aid anode member of

15 _ capacitor element stack body, and ’
¢8) a pair of guiding members to guide said cathode

.member of capacitor element stack body.

8. A solid electrolytic capacitor comprising:
20 a) a capacitor element stack body formed by stacking a;
plurality of capacitor ¢lements, said each respective capacitor
element having an anode member and a cathode member formed

by dividing an anode body made of a valve action metal, and

L

being formed of a dielectric oxide film layer, a solid electrolyte
26 layer and a cathode layer stacked on top of each other in layers
in succession on a surface of said cathode member, and being
provided with a through hole on said anode member;
b) an anode lead frame connected to said anode member
of capacitor element stack body: and

30 ¢) a cathode lead frame copnected to said cathode member




20 of capacitor element is |located. 18. The solid electrolytic cg acéé r
according to claim@8, wherein said respective anode nenbers of ﬁﬁﬁ or

el ement stack body are joined with one another by resistance 25 wel ding via
- said through hol es provided on said respective "anode nmenbers. 14. The
solid electrolytic capacitor according b claim8, wherein said respective
anode nenbers of capacitor 80 elenent stack body are joined with one

anot her vi avfacapaeitor element stack bod¥ June 2005 30a inserted in said

t hrough hol es provi ded on said respective anode nmenbers. 15. The solid

el ectrolytic capacitor according to claim8, 5 wherein said respective

anode nenbers of 9¢alecisbid e BBy tist AGkaditoy srkerdimmed odiatith 8pe anot her
via a conductive _adhesive filled in said through hol es _g{r ovi ded pn said
respective anodeVWhfisdns 2 1gpPar Tige Movided| betwsiep: i ity FEEPOSE % cor di ng

to claim9, el | . | qﬁjqféptive anode nmenber of
capacitggr eaf%ﬁﬁtﬁéﬁzﬁ:ﬁ%sgoo%géﬁgél@3&&3?%6%3&?%i ned’ together. 15 17. The
solid electrolytic capacitor according to claim8, wherein said cathode

|l ead frame is provided w a, conpecting nenber to connect .integrally with
said cathode me e(rjﬁb‘f SB%E?‘E%@E’('@&B‘?&%‘E‘&B? al‘f'88§&’dhg °s‘fl&émsgrface of
said capacitor ekgainCKiRHPWderNid grivivikBaswithr£idRBeedOakberanf. 18.
A manufacturing nethod of solid.electrolytic _capacitors caonprising the

steps of. daveisaidanedmomembey ofherepasitar alement fitobPoRR1IM. 25 into an
anode nggrber and a cathode menber and preparing a

11. The solid electrolytic capacitor according to ¢laim 9,
'-«-/_ . wherein said spacer is folded back at places excluding an area
where said anode member of capacitor element and said spacer
.are brought into contact with each other, -
15 |
12. The so0lid electrolytic capacitor according to ¢laim 9,
wherein said spacer is provided with a through hole, said
through hole being located at a position correeponding to a
place where said through hole prov‘_ided on said anode member

20 of capacitor element is located.

13. The solid electrolytic capacitor according to claim 8§,

‘.\“_/,

wherein said respective anode members of capacitor
element stack body are joined with ome another by resistance
26 welding via said through holes provided on said respective

-anode members.

14. The solid electrolytic capacitor according to claim 8,
wherein said respective anode members of capacitor

80 element stack body are joined with one another via a rivet




capacitor elenent by stacking on a surface of .said cathode . ﬁ%
dielectric oxide filmlayer, a solid electrolyte |ayer and a ca ‘d%oqsayer
on top of each other in layers in succession; stacking a plurality of said
capacitor elenents on top of 80 each other in |ayers on each of one
surface of respective anode 6 June 20030a30b | ead franes and cat hode | ead
frames formed continuously on a hoop at positions with a predeterm ned
spaci ng pr oMistadedt her @albét wheoughd hadesi myosaded anodeatdniespestied d anode
| ead frane; 5.j0ini sai d cat hode nenber of capacitor elenent to said

cat hode Ieaﬁn‘? é ']% 8- conducti ve adhesive; and formng a capacitor

el ement stack body by stacking a plurality of said capacitor el enents on
top of each other in layers on another surface of gb‘?ectlve an de | ead

frames and 10 catll%d'éh‘? a4 % plartzobytic gan argtenafens ﬁgl‘blé’*d’o and
joining gaid cap Iaes[ﬁnt L;’\l},éaﬁtlpgr I TR b oS | QfE|c%§)tardijcd/1“ c
I'sc

Capacitor and Its actur|ng osure is nade on a solid
el ectrol yti eleemqmtlsmck bﬂﬂ;chréaomeﬂlwwbesnamaetimntmya\mnknwtltclhlm npl e

construction,fo Jea reduct | f cqst, reali ses el | ent i val ent
series res%‘@g ha‘rlg‘é‘?er‘l“st PR ad;g1 r?é’tgg% hols PX& éur gt oﬁgﬁgssi bl e,
and a manufadgdciiee MRldaedmchehepd.,. Wth the solid el ect rolytic capacitor

of the present invention, a cathode |ead frame has a connecting nmenber to .

connect integrally with a cathode nenber of a ca- pacitor elenment stack

body omyghe side,gu 'Iflﬂeg‘éoﬁfd é‘lé;&?@&&gr ﬁeﬂaﬁﬁ%‘f a%’éor&f‘ﬂ@'tﬂgclh'ﬂni be.

t hi ckness dlrectlon t her eof acltor nments, each pro- vided with a
t hrough hol e on shexedde mdbearpame mécb@ddomaﬂp mﬁm’&tthveotwdﬁ n

1 ayers and connecti ens bet ween, ca ac i t.or *) nts are a ed o) sposi ng
an anode | R HEHRE SBRREHPY BB ALASKIPRAT A AERG DT I 15t of
anode nenbeﬁosgeaherj oined to the anode |ead franme via a through hol e
provi ded on respective anode nenbers of capacitor elenents, stabilised
156 17. The solid electrolytic capacitor according to claim 8,

‘wherein said cathode lead frame is provided with a
connecting member to connect integrally with said cathode
member of capacitor element stack bedy on a side surface of
said ecapacitor element extending in a thickness direction

20 th_ereof.

18. A manufacturing method of solid electrolytic

capacitors comprising the steps of:

~

dividing an anode body made of a valve action metal

256 into an anode member and a cathode member and preparing a
capacitor element by stacking on a surface of said cathode

- member a dielectric oxide film layer, a solid electrolyte layer
and a cathode layer on top of each other in layers in succession;
stacking a plurality of said capacitor elements on top of

80 each other in layers on each of one surface of respective anode




viel ding work is allowed to be perfornmed wi thout any of nolten al um ni
foil to be reI eased outside. Figure 1 éjmneZ('fld?

30b

lead frames and eathode lead frames formed continuously on a

hoop at positions with a predetermined spacing provided

therebetween and joining said anode member to said anode lead

frame;

5 joining said cathode member of capacitor element to said
cathode lead frame via a conductive adhesive; and

forming a capacitor element stack body by stacking a

plurality of said capaéitor'elements on top of each other in

layers on another surface of respective anode lead frames and

10 cathode lead frames by turning said hoop upside down and

joining said capacitor elements together.






