; 2345e3ec\\]| _| _LDc6zcTc DESCRIPTION Solid Electrolytic Clmmmﬁ Iﬂmm Its
.Manuf acturing Method 5 Technical Field The. present inventi m” Bm 0 a

solid electrolytic capacitor used in a yariety of electronic egyjspment and
a manufacturing nmethod thereof. Background Art 10 FIG 30 is a perspective

" view showing the structure of a prj olid electrol ytsmml mlm mtm and

FIG 31 is a perspective view sho@ﬁ%cﬁﬁl}éT@?Nucture of a || ﬂl " lytic
capacitor elenment stack unit. In FIG 30 and FIG 31, capacit egwebenent 50
i s an anode body conposed of alumniumfoil, the alum nium being a val ve

action netal, and SbHlid Brdtrohjtic @apstdtoreindelts Manub4ctaridg ddéthode nmenmber 50B.
Furt her, cathode nenber 50B has a dielec tric oxide filmlayer, solid

el ectrolyte | ayer and cathode | ayer (none of these are shown in the

drawi ng S ked top of each other in layers on the sur face thereof in
success%n.f%&’ﬁlg%%lﬁ?ldel ement stack unit 51 is constructed as descri bed

bel ow. 20 | A) A comnBéipkdsént ShvenelonP@dtes Q@Qtso‘-’tmm&rﬂlﬁf&w&?ﬂ%riu%eéipm i ed
onto cathode unit termnal 52 to join with cathode nenber 50B. 2A) Cat hode

menber 50B igfa usdeiiverf edegiaanic squigineendrandi amponfastuning metkahtweeafenber 508
by applying a conductive silver paste (not shown in the draw ngs) thereto.
25 3A) By repeating the steps 1 ) and 2) by a plurality of tines, a plu
rality of cppagrb@id alrements 50 are stacked on top of each other in l|ayers.
4A) Then, respective anode nmenbers 50A of the plurality of ca pacitor

el enentl® 50 are i nFEgr30 liy aconrspatiod viehslanvidg thei structure oab febr By usi ng

capacitor el nf stack unit 51 thu repared, a solid 30 electrolytic
capaci t or i%‘ﬁgﬁﬁt"ﬁrﬁ&t&d C%%acﬁté’lrl%&S?I§A§?Gét%Baégpﬁﬁ%%r"l%‘ﬁ@th“E&ﬁ gitor

el enent st 1t 164 o9l i ductive
silver pasf%k%&nglte %ﬁ%\?\n{%ﬁd egé(%?ﬁq{/ﬁgtcg?%ﬁdggg%le@%%a%gltﬁﬁérsﬂlcg%gcﬁ g{rwel ement
stack unit HG. 315 capadkedcelemeanshddan mantie bodPBouippsad obnthiminiva il ver

paste (not sho i.n, the drawi ngs). 7A) By repeatijn he steps 5) and 6) by
a plurali tytiﬁfm%’él}n epieua alyg pefjonmetah A% ewl&%h@ﬁtar&d&cwemefs 51

are st al%kedS(S)& atnﬂpca(i’lflocf‘eaﬁlrénﬁ)te?%@ﬂ.nFurther, 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
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 capacitor elements 50 are stacked on top of each other in layers.
4A) Then, respective anode members 5S0A 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 constructed 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



piles. 8A) Respective anode nenbers 50A of the plurality of capacitor

el ement stack units 51 are integrally connected with anode | ead franme 55.
9A) The plurality of capacitor el enent §tack units 51 are encapsu 10 | ated
with an insul ating packaging resin (not”shown in the drawi ngs) in such a
"way as part, of respective anode |lead frane 55 and cathode lead frane 54 is
exposed on MHBeMGRWHES)r f aces of the insulating packaging resin. FIG 32 is

2 Cross- sectional ¥ASU RndnOIEloPLIGeR i dObS 918k iRYd Euppact tor

structured different rom t he one shown i n 'S a

per spect i vem¢in®er 60Bavia apatiduofive kB UENpasts etbti shotvdeinstBk iddawigeh r ol ytic
capacitor of FIG 32, and FIG 34 is a perspective view show ng how a

plurality of the capabinwpeatingnhe steasd)smdcieey amplumpitniof dimes, gt plar in
| /| cat hode | ead f - |G 32 .tqg FI 34, it
el ement 556 TALLAT AHBGSBTRs0! FOPR Or LS AT PGP PhERICRBGR o e

drawi ngs), g al um nium being a valve action nmetal, and divided into anode
menber 59 and cat hode nenber 60 by providing resist part 58 after a
di el ectric oxide f8AReapecti{aanodhovamberst A drfathie ngjsyality éfocapditon t he

surface of the apode, body._ Further, solid electrolyte | ayer and cat hode
ayer (nonedlgmeRhgeek dRY etk vl Sramgergeybeanls SadbRmoh top of
each other in |ayegg) %etbg\ﬁram?f&c&ap%its@m%tmeﬁn'@osugnéleﬁe Lon. A
capacitor elenment stack body of FIG 34 is construct ed1 as de scri'bed bel ow
1 B) Al urlatéd withfarcapabitingr palkagbry ssbb (anteshswacioetheadratvigegs)finsach 30

other in layers in such a way as havigna anode nenber 59 di sposed on both
upper and bbMa¥ASRAT aE Eespestivhaadg kead framea S andgthedesisad dtame Sdde hode

menber 60 qf %é&%nQPle Rt} MPRGES ggg}égﬁégﬁg‘irngi]ﬁcﬁﬁg‘%g% igathode lead 3

frame 62. 2 espect | ve anode ne ol n integrally with anode

| ead frame 61 by rEBGsB2arieea wedsdisegtiondd) vises péanoteercpiitoda soiftheles-60 are
connected integrally to 5 connecting nmember 62A provided on cat hode | ead
frame 62 ontrelydicsiapaciien stragiuredodifterpntly fiom thepphshon ax FdHdPRg Kl t he

nicknass Oy geLARDRGESicN d £LERIRNEL GeR TR RERLaEe 1 e
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



a flat menber of cathode lead frame 62 into a right angle. 10 By using the
capacitor elenent stack body of FIG 34 thus prepared, the solid

el ectrolytic capacitor of FIG 32 is copstructed as fol lows: 1 C The
capacitor elenent stack body is encapsulated with an in sul ati ng packagi ng
"resin 63 in such a way as part of respective anode |ead 15 frane 61 and
cat hode | ed#amedde 62 is exposed on the outer surfaces of packaging resin
63. 2C) Anode | ea . r-ag g

packagi ng resin 632%); g@%egéﬁpﬁyggbﬁ%gﬁ?ﬂsﬁﬁ% Jt%ﬁedgﬁlﬁ%g@yltfﬁgggg%i ng
resin 63. (I&hd $ranse 6DbyTBSMaNcE Widlgingt awi ngs.) 20 The solid electrolytic
capacitor shown in FIG 30 is prepared by first produci ng capacitor elenent
stack unit 51 by siBrigaspeetiye gpiiodeymembern40i d1sr cennaetstt dnseradly top of
each other in |layers and t by further stacking.a pliyali of capacitor
el ment ot ARsh e sy’ C8 nivigdhiPnCharBh A KaplnBu® e By sfile SBhoc oml
a great varfagéyoPtafRiieRRMeMaTd Sxt8h&ingSAAhO WhickRe R Hfediidd @SRRI work
becomes conpl ex, thereby ending up with a high cost product. As described
in above, bycapbicyivagilyer pastadnotyshoyin rethepdratingm)t o respecti ve stack
surfaces of a plural,ty of capacitor el epen 50,. ca itor .elenents 50 are
connect od wi th-oneASHETHEIY e PBETsct B RemPEr EoAS MauREE a5 2enda T OB anrent
stack unit pSha FHRSOTREEodR 1BAYFAMd ¥2 ﬂ{to?aaﬁéﬁﬂ ér%rle.e' ement stack units 51
are stacked on top of each other 1n piles with a conductive sil ver paste
appl i ed0Ot her ebet weBp tisingotine ctapetitct rdlemehy svatiweedycapa€iGori4 thuel enent
stack units 51. Finally, part of cathode |le ane .54 | ocated on_the

bott om of tIEPRieHe ﬁﬁ%@hépéew%lrytla %‘}Pé‘ﬁttoét‘&ccjﬁfdmgf gSﬁn%Pﬁtﬁgaascgqlnode
termnal fougxternal connection, thereby making it difficult for

equi val ent series resistance (referred to as ESR on occasions, hereafter)
characteristics tolQ) Thenagacitboskindm sthvkobedy é¢alenoasalaedcath e g st ance
of cathode lead tends to be |ong. The ESR characteristics of the setup as
descri bed ifvlatieg pagkaging Fevist frgvéau@}y agwaY ifearb 9 f desRasE Ve Anods; lsad

resi st grce e S ' e i rati I . 30 A
Resi st gﬁce gr@dg%gd%)é@eéeg%ﬁ Eg éz:)r-/&tezr gs SH) %%Eat@ttg? (g{tgg;é%fag% fhat
constitute gmakagingofesidl €3rent stack unit 51. B) Resistance R2 produced
between the piles of capacitor elenent stack unit 51. Therefore, as the
nunber of |ayers ofCtapadetlerd flaamenl agd cathpdenlead dramenserexposed osn of
capacitor el ecqgenlt stea%k }FmietreSle(i:tn&er ease, .@an atéie%nlgiti ogfbet veen zracst,ual ESR
char act eri sH1CE88%d tsxne% ats =P oheéyi S b?g\ﬂﬁn . gre | oﬁg?l?agg, &NE8 there
exi sts a cogBlyThiye fdtlshewniashe deakiMgen respective nei ghbouring capacitor
el enents 50 and al so between respective nei ghbouring capacitor el ement
stack 4® ts 51, théhelisaldstlegtsolytict eapagpylyhoro i FEet BBnist treparsid become

| arge, therghy making it di.fficult faor the.e roduct of solid

el eottol yt1 Pt REORY €18 caoiterrsdtimbal Mhek SRR LTS TRTe 2mBRLLY of oo

el ectrol ytigacipatehohts0 &t @p 32 caéh Btherahilhyerofandnaes vyefbeles sbRk-each
provided to capacitor elenent 56, are integrally joined to anode |ead frane

61 by resi singne @luvality o capadi¢er eicheantistackborids Stoon 26p efesachagther @ 36
shows, dielectri¢ oxide filmlayer 56B is forped on the sur face. of
21 o i um 199 SRS TSRS uOh et eSSt Vo SheuRPRRIRIGAT B aSE Ak 1 o
copper omade,13RQHE ds8@fbly dRk GlecBihes S IMPIRRC ehitBb i d@in gl Geth’ h higki de
filmlayer 56B having a’high value in resistance makes 1t hard for the
wel di ng curessthpsodwtf | ow. As a result, only part of alumniumfoil 56A s
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



30 wel ded onto anode | ead frame 61 or alumniumfoil 56A is not wel ded onto
.anode |l ead franme 61 at all in the bad case. Therefore, not only defective
capacitors due to insufficient welding @trength are produced but also an in
5 crease or a wide range of variation in equivalent series resistance my
" be caused. In order to solve the foregoing problens, an_increase of welding

currents ﬁrelﬁﬁén‘aﬁféﬁk ugHs ofl - | Bisalywaadiof gathodgdpad fismenS ¢ dorsaterbpn ihe How 5
Vo1 Lo’ al it ORF SR RS BRE [OHe R, Pt B1 J8HETR BInddd L2°

anode nenbemihd fondxidigall tdiecibR) theadBiNMiaking {10diffioOU b cgoivRRERGe- OF NMAY
be splashed to inpair an outward agEear ance. The thickness of packagi ng

resin 63 i Sriesethstsbandsy(refesradptar atbE gacaspnsydieraadtes) ahdractedistigantd oi |
56A, th i bl . dugt i ' icity., A short
SOt 5L SR e S P e S RGOS LSRR ] e

anode nmembege Rl s | ess than the thickness of cathode menber 60, a gap is
creat ed between nei gh bouring anode nenbers 59 when capacitor el enents 56
are stacked on topl'd HSR edwhacsehstics nf |thy evesup \Msedesceibpdcin abowncae

menbers 59 are inte |1y joined ont node, | ead, frane 61 by resistance

wel di ng, " Ghraenstiaged By ctsdedmaian ol R RalToine bt valtes $nS i itioh t he
af orenment i opgg, Si?a‘?icnﬁfushjagﬁntoif'ﬁG.%@Qde menber 59 is bent and the extent of
bendi ng of anode nmenmber 59 1s nore pronounced as the distance of anode
menber 189 from anodg Resmthit@ R preduetdibeeweas . layosr«f cipacitanelexeassi ve

def ormati on_of anode, nenber 59 due to the bending results in cracks created
in part of Al habeppstitutsearacttor flamgnd staskgindt Sdoneti mes in a breakage

t hereof, thus CausfaP?{(f@isltﬁ?cléaigfﬁb'ﬁ&ceeﬁ;bétbv(c%nftfci)llf- Ip- %g.ogfce%g§&wg%n%fmt he

I nvention Wth a so el ectr trc capacitor ent i nvention, an
an ode | eadsth¢laggitisd. connected to anode nenbers of a capacitor el enent
stack body which is formed by stacking a plurality of capacitor el enents on
top of each other Thenefgrer as witg nemher af hvwss pEgardditoreclementa3¢ epddbei ng

menber 3 A nt || i t rs_ of 1he capaci.for
el ementltsgt al%lf(tﬁ%%&@?%ﬁb hoggéaﬁﬁg}/tgﬁmrei%?:%ﬂt %}gglgoﬁ{;?? el?ilcc]l%r?aé’i %n taﬂl%ﬁ% fﬁ%ngkness
direction obetiveen aatuRdEISROEhLhe@EBlics h®FiRdYetiddl OMeh s grovdgdet i on in

conponent count and en 6

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, diclectric 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-



hancenment of productivity in assenbly work to be realised with a sinplified
structure. Moreover, since a cathode is taken fromthe side surface of the
cat hode menber of the capacitor el ementg the distance of a cathode lead is
shortened, resulting in a remarkabl e i nprovenent in equivalent series resis
"5 tance characteristi¢cs. Furthermare, no conductive. silver paste i

di sposed betR@¥NChé&i 8#%0644%?90&’3{:‘%19%3}8&‘1“"( SRR F‘?ﬂ\?tﬁg"ec &Yt B ckness
of the capa(fqutsﬁ& to be reduced. Further, with the solid electrolytic
capacitor of the present invention, capacitor elenents, each anode nenber
of which has a thrbughldradoesol¥® the dosdgaike proticinsp aaf ineaRe aitheeldifig | ayer s
and an anode lead frane is connected with stacked capacitor elenents.

Accor di ngl yeurigids ox the wdaptipy offlagsroneldiagde melhmorilbrarsidering tewanode

| ead frame Vi hr h..h revi ded on th n er. of each
respect i%ve %Vé:’ga%:@?‘ octroué’I?‘!Zra}%l\e@r‘%l ‘?lleg agtagéi"??nsaé’d&v\% gliengg 1\%’%}%?25 5‘?1 %V\Y\Ig'd to be
conduct ed wi t hout ®tfenP4IaRicI™ 8611 1% AS Rla3SEteAd @b sBh tRiced! dsntwi geaL f oi |
and the like. Also, an excellent joining strength, enhanced reliability and
a renar kabl onnpf enedermemher§li ansl thet liger wdere adunirdnme fail & 6dc s exed.

Brief Description of awi FIG.1 is a cross-sectiongl vi.ew show ng
the st ruct (rBegr on Py PEBRSRS & oPeircup Rl SR ERBhp e ThERRont 1
of the presgnpadkayfipt tedth 65liGredhckd tg PBbMPALED1Y AmOuB 0% BOYk I alhdNTnd
plurality of capacitor elements are disposed on an anode |ead frane and
cat hodd O eaisinf faile 64 threalyyl caupingrbwdh peritles gis & hedustiogeimt hémediviiyon. 25
FIG 3 is a sz}hema.ti G, Circuit iagramfor describing an inprovenent of ESR
char act eri sf'i’ Qrti‘fir“étﬂi%ﬂf)quéf’f“éi%ﬁ Kfent 1 of the present invention. FIG 4
'S a cross-secti ongh ok SN RS HSRHALULEoPhnddS Blenth ! /1S Ryt C
capacitor in exenplary eﬁ%o irrer’1t12 of the pr%esggnt nla%ié/entnﬁ%ﬁ%o %Ilsé 5is
a perspect i thanvhewhsthawsngf lcathode phuamblet 60, af ggnpacrdaved dleovent acighe

di sposed on an,anode | ead frame and cathode | ead frame in exenplary

enbodi nent  20Wing prods BemBers pY athengippacitorglements 26 gresiggkeds @R PR RAI vi ew
show ng = he r r.e of e\ ¥ Vi i L Orzd d f

enbodi gr%ngint %f H{t}‘tﬁg lgr% gf?]st' mg%ﬁeoﬁé'&lﬂ_)leeﬁhgdelc%Pegﬁ%éer?s%%c r?ég rgl\}\y show ng
how a pl ur gjloiied ofitocameds lecad fhmBEslt by akeistineposeldiny) aprasigefdreadsf rane
and cathode lead frame jn ex 5 enplary enbodi nent 3 of the present

i nventi on. #pdedgviagwelding slectrode @hi ctysbnthenpiprementienad gt hethis a

sol 1 d el ectfglyh)gad ARAM: Yo INnExeIR! AleYc AUROHE FERind A addife BRSSP
i nvention. s a perspective view show ng how a®plurality o

capaci tor ej®ieniose PFEndlingpd 26 dh® diAincdNetgnd Rash efbai s 9afemcaidiedead ead
frame in ex 10 enplary enbodi ment 4 of the present invention. FIG 10 is a
per spedl velrgmevp k eppaigst hEhaetases an exeessives defogmatienteforyadecmeapgei t or in
exenplary e i f. the prese i.nv Lon.. Fl . i r ctive
o showi ry tite T e B fiiad Bl I RPARSTUENEY RO pell aiitecbds SRELBTT o
embodi ment fayef S6BerRoakeited iMVebidakBge erbdGithdLcdling RAEARGEIJUYRNYi €W
showi ng the structure of a solid electrolytic capacitor in exenplary

enbodi ment (@ ©¥failyge.present invention. FIG 13 is a cross-sectional view
showi ng the structure of a solid electrolytic capacitor in exenplary

enbodi nent 8 of the present invention. FIG 14 is a perspective view

show n@shows@amilaey dfithe ifentidpgaci tor 20 el enents are di sposed on an anode

| ead frame and cathode lead frane in ex enplary enbodi nent 8 of the present
i nventi on. With a solid electrolytic capacitor of the present invention, an an-

ode lead frame is connected to anode members of a capacitor element stack
body which is formed by stacking a plurality of capacitor elements on top of
each other in layers while a cathode lead frame has a connecting member to
30 connect integrally with cathode members of the capacitor element stack body
on the side surface thereof extending in the thickness direction of the ca-

pacitor element, thereby allowing a reduction in component count and en-



FIG 15 is a cross-sectional view showing the structure,of a solid

el ectrolytic capacitor in exenplary enbodi nent 9 of the present invention.
FIG 16 is a perspective view of a capggitor elenment used in the 25 solid
el ectrolytic capacitor in exenplary enbodi nent 9 of the present inven tion.
"FIG 17 is a perspective view of an anode | ead frane and _ a cathode | ead
frame used hancement of producsiviyoinyassembhy sark dp berrealissshmaihya shmplafindnt 9 of

t he present .| tion.. 30 Fl 18 1 per to v L ew, show a
plurality osfd'dc}g'glra%ﬁ &gorreg}’eerrréﬁkcs? %rcgﬁlsot%gclﬁe%ggﬁ ftoorg tlé? Sé%ei ﬁ“‘\gf‘ﬁ‘gé’?ﬁﬁlﬁ ayers
and mount eccagthodNmRREe dfedd dapatRoABEngeAt0dR AR & JFthJde RAEENTP! ary
enbodi nent 9 of the pres 8 ent invention. FIG 19 is a cross-sectional

vi ew showi nfhonignednreanbing ireatremarlableimpeo temerid naaaydeal prtageriasanesist n

exenpl ary enbodi pent . 9.0of th esent in vention. 5. FIG 20A is a

oar eheat vetdroBreististies:  EuBhEREMNs: Br et he SV fasked ShRsednoge
menber in %makﬁmiﬁfﬂapﬁinwack%%rst,hﬁ?@w?@l@h’vihg t%@r'ﬂlﬁiicﬁﬂesstthe?cQB is a

perspective view of still another "exanpl e of throug ol e provided on the
anode nenbepacitor éx bapbdugedenbodi nent 9 of the pres 10 ent invention. FIG
21 is a cross-sect#on | view ﬁgowf,ng the structure of 325%810' idelectrolytic
capacitor in exenpl%i§cTetiGitheplid sleptralitic sapagier phikmproRnt FVEN-22" i s a

per spect i Veti%ﬂ,ﬁ(}’ﬁp%%it@t SRAG&]ts ) QAdHCTnd %e@ﬂ%ﬁgﬁff %1&4 fad"GYhrddBIPREIP! ar y

enbodi nent the present 1nvention. 1 'S a perspecttive’ view
show nd O hearststackedr en 0dp @f sakh dbthérent inleyt nnd apanideolead nfremenpl canhy

enbodi nent 11 of the Pr sent inventjon. FIG 24 js. a p rspecia%ve Vi ew
showi ng t hehested, dith stagked cappsitpteplomqnds.y thecosdingly . whenm @ ﬁb%ﬁ?

embodi ment 1 Qf L% R gFer&in{e&“éy%%itR?anEh@leZé flatnd vEd PFS 17D Lq{lﬁ% Vi ew
showi ng the structure of a soll el ectrolytic capacitor 1n 8xenplary
enbodi ment grdvifed dve thy ss@te membenbif @Ach kdspecOA chpacitop &l SRELT, iavetabi- ew of a

spacer used in the solid elec ]
lised welding work is allowed to be conducted without such problems as
15 splashing of molten aluminium foil and the like. Also, an excellent joining
strength, enhanced reliability and a remarkable improvement in equivalent

series resistance are achieved.

Brief Description of Drawings

20 FIG. 1 is a cross-sectional view showing the structure of a solid

electrolytic capacitor in exemplary embodiment 1 of the present invention.

FIG. 2 is a perspective view showing how a plurality of capacitor
elements are disposed on an anode lead frame and cathode lead frame in ex-
emplary embodiment 1 of the present invention.

25 FIG. 3 is a schematic circuit diagram for describing an improve-
ment of ESR characteristics in exemplary embodiment 1 of the present in-
vention.

FIG. 4 is a cross-sectional view showing the structure of a solid
electrolytic capacitor in exemplary embodiment 2 of the present invention.

30 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 ex-

emplary embodiment 2 of the present invention.



trolytic capacitor in exenplary enbodinment 13. FIG 26B is a perspective

vi ew of anot her spacer used in the solid electrolytic capacitor in

exenpl ary enmbodi ment 13. 25 FIG 26C isya perspective view of still another
spacer used in the solid electrolytic capacitor in exenplary enbodi nent 13.

"FIG 27 is a cross-sectional view show ng the structure of a solid,
electrol ytic capach(g'r 6j1§ 2LEeMrsgeyoRph s shewing Hhe sHactreodi sphdent i on.

FIG 28 is =S ' ' ' t . i,d 30

ol cct rol vt 1 Qo EaSR T EPhAOEn MR B ali ™) S R BRI Tt on.
FIG 29 is a perspBIGi Vs \a pavspéctiveCaiRpacbidwing! oWt plsglityl 8f thgacslri d

el ectrolytic capacitor in exenplary enbodi nent 15 of the present in 9
vention. FIdemgoty aredipposedeant py angdelgashiamgpndhentbedq taadrisame i exri or art

solid electraolytic capacitor. -ElG 31 is a perspective view show ng the
struct uf. of Bty EfRRRaehC ot e bresend ByBnBShT RCk Lnft Fla 32 18 a
cross-sectional vipwssBoM N@rddisseetibhal Wiety Qhowit] AR sRht@ke dfta $114d

el ectrolytic capacitor. FIG 33 is a perspective view of a capacitor

el ement usedettmolymicotapecitor inexemplagoeindodineerttrdod §thecpresgredhvertiol0 FI G 34
IS a perspective vj how ng how a plurality of capacitor elenents are
stacked on top of Eg(\évhgdf ﬁe?gr'rsﬂeqth‘ﬂfe Ya RONT dgﬁﬁ’éﬁhté'n% SRR r ame

and a_cat hogdgmeftdarde! @8Foded G2 RRLALTIAN frafk HQ dAhGIE RO Yhb GnG@Paci tor.
FIG 35 is a schematic 1llustration for describing ESR characteris 15 tics
of anotlfer @nplary antbodidnenit €lo€the ptegtnicinvapdentor. FIG 36 is a
cross-sectional vi show ng how an, anode nber is joined to_ an anode | ead
pff%éf qﬁrts g gﬁe%%éﬁﬁ%wctgéspf Modals

frame in anot her oPFTAPAEE VY or
e 2 ; 0 Fe TCapact 1ol . .
el acy ongtSIARYERALRG, Aol lar PeBEREM A SO0 IR HeXa hOeiBd 20 o

Wth respect to a HBScHilpist hoperspetdivenvidy ehbsisg rtietdifirtuicnof dTgonér
simlar to one another, the sane ) )
electrolytic capacitor in exemplary 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.
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,
FIG. 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-



reference synbols are used in common. 25 (Exenplary Enbodinent | ) A
description is made on exenplary enbodinent 1 with reference to FIG 1 and
FIG 2 mainly. Capacitor elenment (ref egged to as "elenent"” on occasions,
hereaf ter) 1 is an anode body conposed of foil of alumnium which is a
"valve ac 30 tioon netal, and divided into anode nenber | A and cat hode nenber
1B. On the QUARYTHRIVK cathode member 1 B are formed by stacking in
successi on a diel [ ' iJ.m: o S@ I d

cat hode | ayer (noﬁ%f%'ffb%%gﬁ%ésgméégﬁshgwﬁﬁoh\q?gggg%I\?mgﬁécg hl%@%ég?t or

el enent st goknddowythd dnodt ¢edetrahe @Benengllhyy aabosingsk doethhe, plessmtaht er) is
formed by stacking a plurality of elements 1 on top of each other in |ayers
and anode |'&3dofy ame 3 and cat hode | ead frame 4 are 5 connected thereto. A

orural 8y of anodel Reiud &Y ¥ herheblife 5 S ARk GBI of Torgieh e o v
other in | ayekadeansh hbhQRodé RIS iareRatglatiPRfbo @Mttt § PReSHet@nas- of

anode lead frame 3, respectively. Simlarly, a plurality of cathode nem 10
bers 1 B ofvasiteoment 1 are stacked on top of each other in layers and then

di d bot h 1d bott . f. f t hode | f 4
Feapoct i vely.  Thent TcaPEat PUErSrGUR® serBatst! ACeRer Furmate phEEERER 1y 1o
anode | ead {g1aMRoRide¥ dndgeandBk thdHbeOh ENnALAREMBBRne(ePBERLd ¥fescat hode

it
menbers 1 B are connected integrally wth connecting nenber 4B via a
conductlOl5 émignséntimr. paste (not shown in the draw ngs). Connecting nenber

fospective end of FiGk 2 hinBairoamsetBg! PHEN 1 Sh G eEvERTE Miha % ¢ he
t hi ckness di i clerciolp Wels 'gn&g . : ctured is
encapsul at géclégm&%%%ncgﬁﬁgtl ng %éa%gﬁﬁ% aglb(r)lc(]gm#ee?g?(r?k%p@ﬁ)bsféscew?vm%;{ogé part of
respecti ve anode |EHE 22 &sre pdrspedticavivdeflaegtctr poired toh @pacikobeldy 2 is

exposed to the outer surface of encapsul ated stack body 2, thereby all ow ng
a solid el edenbingxenplapaempedimenrld ofhesessahdpvantipnas " SEC', hereafter)

in exenqpl ary enbodgyrent,1. 0 e i i Q al.rsed.;: 25 The

SEC i nqg)xerrpl ary e13 o'd?;’rér?tglﬁ%&%@pﬁg‘}e%glﬁﬁzﬁ osrtﬁl%gﬁrgc{)ta ??/ll%)roduced
as fol | ows:eléctholdpic @PpavitoCih aradtatecadbbdianas 13 ehlle patdadenyeadidnf r ames 4
are formed continuously at predetermned intervals as FIG 2 shows, is used
and anode nenber 1FI&30§4eMSeﬁemrsneqt@/edewéawm dhoddructyg of ansolsd on 30

irame 4 and PR SPRAaRTROR prermeil,aRb iR 17 HeRPRE PR oCT g

nerber 4B via a CORMEICS I astro¥ekeqasiiad vieWtshohanp the stietde M Ngslid 11
Simlarly, while elenents 1 are stacked on top of each other in layers in

succes&lon Yactrelytigpaeaciser ingenyilanhemhodiment 13 ¢f thaaresant MRNENS®S; t i on

t hereof, the side Igggf%‘g .of each rtesepecti Vf cat hode?\?gpnb r 1(5.45 e| oined to
connecting menber 4B d® SSPHPPET St B5Y §t 8 $éF ol dmogwr% 19 51455 t he
rota 5 tiongblydiicr@phtiesr Bf eddhgplapPEmbbARIGRVI 3car ryi ng out assembly work of

stack body 2 that has a plurality of elenents 1 stacked on top of each
other in layers onFKot 0B us Rapesspestivehdewoobanathepepaciey aisgd imitee solid

manuf act ur i t hod of the SEC in exenplar odiment 1 of the present

i nventi on d%lggtqﬁlgl r‘?&ﬁf‘&%r_ g’u%’??“@?glﬁﬁi F@?gﬁ?ﬁggs as first pre 10 paring a
capaci gy el ement pt@CKe@Nkta Porspé@mid kv oPlsHiPAndtHeOlp43PaGkd G tRE ENENLS
on top of each other in layers and then stacking a plurality of the

capaci t or e$dditeelecgohtic eapatgoonin ¢xgmplareambodithent i3y pil es, thereby
produci ng an SEC. ordi.ngly, the workability of assenbly work is.inproved
fue to a’r eductiont [0y éﬂmﬁ s Seaitna e o wine J6€ sk r ol S0lidaul i ng
inrel5 aligatigiRfcapabitdt FOSLerPBIRANEMbo MRRLM 110 HEPREUG iNGertidnver paste
to the side surrwce c(? aal pl ur%%ein% f}? ca?me msrrbersqgIL B, éaﬁeh .
constituting stackFHady8 2s andobreedticdml stewaheweng eheistrgciure tdfea sblidkness
direction of el elg,e,nt 1, allows respectiye cathode nmbers 1. B to, be

el ect ri%hl | eeBANEC GRaGItehiloeBpiaihemPodiRening of thegHesamt iryentitg: nenber
4B of cathode | eadyfe ang ¢ LOAGELEL Rk N PledBaciti AEheA] uSd hRYRe TEnbEr
1 B serves as a cathode terninal for external connection. According to the
structure asolileshictloégtid bapddteg, int dxeniblaiyaeadodiment bddd theastekentniade t he
shortest possible and the equival ent series resistance (ESR)
characteristics of the SEC thus realised are close to the ones of 25 an

i deal capacitor and rated as extrenely excellent.



In this case, the ESR characteristics are inproved by the foll ow ng
factors: As the schematic circuit diagramof FIG 3 shows, applying a
conductive silver paste to the side sur?ace extending in the thickness
direction of 30 cathode nenber 1 B of elenent 1 that constitutes each
"respective stack body 2 results in connecting integrally and electrically a
plurality of™1%ments 1 with one another, thereby allow ng no resistance to

be produced betveefq, 32 ;sLagkohARES Ol SIRMRNL L tFHENEL: o Guangyct i ve

silver paste is applied to ce of “each respective cat

menber 1 B gflidsélackolodycapativocon nect integrally and electrically with one
anot her, thereby achieving connec tions of a plurality of stack bodies 2

wi t hout creating ahlOrdkilseapraspesstvigedawsshaveiar theditaistyre gfha gEOIAte. 3 1V,
100 ~F i=s pr i r e Wi th exenpl ary enbodi nent 1 of the present
inventigh é%%gggﬁfgﬁgF%g§%¥?§?ﬁ%s t hereof are neasured. Table 1 shows the
measur enent resul t BIG.N3ZedmAarbSPRedtondl ity dRbRiMN IR Rra@urabf agafRel t or .

Al so, a prior art solid electrolytic capacitor of 10 4 V, 56 ~F with a

conduct i ve piionant sphidictecamdyiiedaparitone si de surface of the cathode menber
thereof is prepare I(?ng%ESR characteri sti cs are neasured. Table.2 shows the
n

measur ement resul t JFdaPFSBRCING KIh&T FataPASAOLFIBMEPh RS, B i28F art

capaci tor. Jler sABAGHI LI qu@[r&ggg%résgciit&_quantiti es of 30 for each. 15
Tabl e 1Average Val ue (nB2) St andard Devi ation(nS2)Prior Art Ca

aci t or 10. 72. 1CapacFl@r34is £penpeatiye Endbodhowirig how. dplur8liffabf eaphiter age
Val ue (nB2) St andard Devi at.i on(r‘r)Séé)Pr' or Art lCa acitpr13. 42 6Capacitor with
Sil ver Past QERPIGeGIACkSIPMIPPESY Sa5H) SPhityimlags mpanpEseR 2p FPAR si de
surface of RagM4RERRA a cathode lead frame in another prior art solid electrolytic
capacitor,
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 I)
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 formed by stacking in succession a

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



tive cathode nenber 1 B, electrical connections are inproved and further
the el ectrical connections are nade nore reliable as a result of nounting
on cathode lead frame 4. The solid elegbrolytic capacitor of the present

i nvention does not 25 require a conductive silver paste to be applied

" between capacitor elenents 1 13 al though the conductive silver paste was
required beh@screchne imghe drawimass. in the case of the prior art solid

hei aht _c rect i on to B ek HEBEN R0 PRy A et TRE e R Bt e Gekss o
the SEC. 5 yddxemRbrafteBMROLLARAL by ktaARineES plOr2% e demeRIPOUNRIY o 1S
simlar to the SECin ex enplary enbodi nent 1 except that the

confi gur at icaeb whemirodaycasndndaattoldelead ddame airead anaghoded keadi frameehtaré r om t he
ones of _the SEC i xenpl ary e 0, bodipent 1. A description is gjiven to
Che. af oPensiagHed (BFetar anieGTsAIPGPHOR it B o teleeotne shucies 5. A
plurality ofs @ngdg. menbers | A of respective elenents 1 are stacked on top
of each other in layers and di sposed on one surface of anode |ead frane 6.
On the ot her hand, Aglptalitaldftanode membedel Aerbeesebt B acestddkest ackep on top

of each other in |layers and di sposed on the upper and boftom surfaces of
cat hode | edtf Fchth r,mrl@g/s@celﬂs/&ey. &Ea%wdr%% 8 Pwrafmsidéomw%cgﬁ s

joined int a”Hc)Id% %Qd%‘i’@ﬂ? etfi , 6 ile}ry,ee{ pYiﬁbﬂte)ﬂgf cREOBEGhéHE

cat hode nenbers are conhected I ntegra to connecti ng nmenber 7B

provi dé@ orbezatl Bodieelearat flrasstacked dnpsefticachf othai hothyereald tisenldis. whi ch
20 extends in the thickness direction of elepent 1, via a conductive silver
paste (not RAs&hPH RotmEPRRradhdejtomespriacasi ol cabrde lead frame e sasneg- by
bending in n rt ch. res fi ng._of . . A cat hode
| ead frame %W?.nfgh%errieaﬁ{ct%%g&q A{ﬁ ggl,begses!?‘ egtﬁ I%ééﬁﬁ?@@mé&aﬁf} Gvel ,

whi ch equaligad rdnte 3tHy kkbeseldhgel @end othestiraldededpactied ghthodesné@r med on
flat 25 nenber 7A at the position opposite to anode nmenber 1 A The SEC
t hus st r ucthared Bagreoradinggtedonssgsally ayigh eapoitingnmembst 4bheiaps senduct-

i nventi,gn denonstrates the ,advant ages si.mlar ~to the ones ,of e SEC in
exorpl 48y dRBaavrERE (EhrfuT i BRE Rl eshy ChBnlRe R 1 G e

enbodi ment dark@ byt defl2886 aOfighthdh gtOsh bl OxdceOfarfBPdsc RAGettivdBnd odtnd 30
cathode lead frane 7 that al so serve as external termnals. This nuch fl exi

bility of déafigember hdlalong the sidersoriare eatanding sthef thidkmeps deetion nfent i on.
éL;]le( ngtca:rr}:)Inar agrggroe ierqlpérg1 1.3) An SEC in exenplary enbodinent 3 is simlar to
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).



enpl ary enbodi nent 1 except that the configuration of cathode lead frane is

made different fromthe one of the SEC in exenplary enbodinment 1. A de 5

scription is given to the aforemantiongq difference only with reference to
FIG 6 and FIG 7. Cathode |ead franme has connecti ng nenber 8A and

hol di . 8B t f db di t of t hode | ead f 8,

Fospec t 1 Ve HilaEh. CHlEFIRg T 5eAasKeq enlige B el BB ABE N T 1 e

si de 0p PosiiL&oh AR HIF IR oftnERGL, LPRREEAI NS HRE Ui PRS0l B O
cteda’I'n F 'ng er on e

elenment 1 is conne egrally to connec nme sl de

surface extiaadidisirfadenef EduhCkiRpesivl tatbd ©medhbea! ERNjoiked it@ coBACt i Ve
silver paste 9. Holding nenber 8B holds stack body 2 on the upper and
bot t om sur fiagagember H&. e dthenTsEmd@ECstens sarg traykarmeddbu deverdingg theoretgenpl ary

mbodi ment 3 he... t i i on, d trates th f |
Co that So ol B RRoEE Me, POV R It SERRTIE BHE SelORpRE NGB T SEeE OPr
embodi ment Hodgf2 kg HAkSEkalitYVEéleaRnE DNeaickBE ofli tohaTcRcRlotRat fhokg- | ead i's

made the shortest 20 possible. An SEC of 6.3 V, 100 ~.F is prepared in
quantiti es es$ oB(odlk surfdtesgot hedompprespgcevtlydi nent 3 of the present

i nvention and ESR g¢haracteristics thereaf, a asured. Table .3 sho t he
oasur enent 1 esul {04 ARBBTSATTRE PUPEH of HiE SBCaToR ST ATO P REP AR Eab ¢ or
25 Tabl e 3 AvEE3FEARRIAANA &k?es(dlﬁ?rﬁgﬁﬂé LR ROMBECRIdN e Y bs Eost pre-
acitor10.72. 1Capaci tor of Exenpl aryEnbodi nent 36.90.4 (Exenpl ary Enmbodi nent

4) An $8C iparargeapdapayiteniebonergnstadk imisibp $tacking 4 pduBEE iof espacitdb
enpl ary enbaodi nent 2 except that the configuration of cathode lead frane is
made differ@feRISoM f9R:© ﬁéc%f"?hq’fe‘ns@@e’f%a‘g‘ﬁélﬁﬁ! aﬁayk@.&b%a?%ﬁfy 5P the

descri ption., i f i i 8 i rence
fo Fl G 6 mapred it haR A R A R, Ao kTR TO
and 10B anchm8EQdi ngcomdinesly L e whakabaliey 6Dagsechbldy vaerkds igppevdd dfie cat hode

| ead frame 10, respectively. Connecting nepber 10A is | ocated on stack body
2 at the sidEEWsHO8| NecamPFadconBhBad alsoain pssembly shens: irgwiIlHAE HBJE- menber

1 B of tele . i integrally to connecting nenber 10A on the
181 SR o of RFESRSEL AL

si de surface exte ckness direction of element 1 via

conductive silver pgplyenDa coadnesid Sigverayddes tolB dige phiEeadobetpl@altitpt ack
| ayers of stack body 2 for connection. Holding nmenber 10C hol ds stack body

2 on the upPetathods membsis d B feacl sonsubiag stack ypdy Spmd Higsside sutfaee ed
accor di ng {8 eXONP!:AnKe SARRALIEAL . A of BRARLESENAVRRLL AN, JenRRsL T at es
enhanced reliabi ty In b catlngma er 1

connecti oh because conné I'S” pl aced

bet ween st agkmbaperB t8fbesdlactficallgcoant e d ol @GE I @BtHR. a0Ad Eh@®Dftcdn-
denonstrating the advantages realised in exenplary enbodi nent 3 of the

pr esen20j nviastingrinember tReriptathgdElnsddiramatd sonngstedeE the ddespriaes of
CToodt e BB R S BB SR R TR o0
the SEC in exenpl agycsanndid®Ré s&ucti¥ as described in above, the distance of
cathode lead is made the shortest possible and the equivalent series resis-
tance (ESR) characteristics of the SEC thus realised are close to the ones of
25 an ideal capacitor and rated as extremely excellent.
In this case, the ESR characteristics are improved by the following
factors:
As the schematic circuit diagram of FIG. 3 shows, applying a con-
ductive silver paste to the side surface extending in the thickness direction of
30 cathode 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



25 ever, the connections at the anode side are actually perfornmed accordi ng
to a nethod simlar to the nmethod enployed in preparing the prior art
capacitor elenment stack unit as FIG Sllrgshovvs. Since the inportant point
made here by the present invention is i the configuration of cathode |ead

"frame, a description is given to the aforenmentioned difference in the
confi gur at i Sackiayzos ehelmernt|leaburtherme mdycive pilyes raséhiscaprdied tg theo, A

detail ed desgription of the connections,at the d i i itted.

Cat hode | aastdr BSd ot eatReEPRTSE LR inobltr 3 RE sBARaddy S R | o
5-1. A fl at peRMARIgralMPland Q¥ ricAly REitH ToR @k herO Tho¥lb ¢ hicRRVEGoaRsther 1 B
of stack body 2 is disposed. 5-2. A pair of connecting nenbers 11 A forned
by bendi ng tionhobaghdmlioy of Istackfmdeeedtwithmd ciréatingremb egsisipueer betwsenonnect
integraldy w th cathqode nmenber 1 B of stack body 2 on the side surface

ext endi n%; i?lta‘?]ﬁ«]é?oa’rﬁs ness direction of element 1. In other words, in FIG

5 as used in descr b QECtdIes SC Y X HTLRLALN BIRRSLIRRL iR ExbRBlRY esent

invention, there is provided step-like dif 10 ference in level,

equal s to taebbdincdkmek 9fche giresmmttintersicacked ESR dagdteridivst thateafeartber 7A

at the place where c ecti mepber 7B is not | ocated. But there |s
provi ded no“’?@%‘ﬁ-"'ﬁi k'g"!‘]@ief]régg\‘{ééﬂ?ﬁn?w&qm?lﬁ @%Hﬁuar%n&ﬁmm&ﬂﬁ Beof the

present inv i L ng..nenmber, 11 A ! g icde of
Pho t1at  moshar s s EELMIR T Do, 4 phigh el hlq R e i g
bot h upv@ar d4 ands6l enwaghda cdhéudbe §ibvug sdstalappli@ll t@deoside ngrfage exfethipl ary
enbodi mrent 5 of the present invention denpnstrates inproved workability
because el epithpde membersthesraddisopreparedsprrb ESR charapteststios mse rmeasuseshi t i on

to the adva e r ' r: L ent . f ent
nventi on. 300 ERangr A hbS Hs R BRI SRR B MR ERS 1
simlar to bhﬁnﬁ?ﬁaﬂi@r & Rpbtidsy THOQdpAT s arepeqhired hdlqubmgti€nbf Bgur ati on
of cathode |ead franme is nmade different fromthe one of the SEC in

exenpl ary effodichent 5. A de 25 scription is given to the aforenentioned
differe#@e only with reference to FIG 11. Cathode |lead frane 12 has three
ki nds of structural nenber as follows: 6-1. A flat nenber (not shown in the
drawi ng), on which cathode 30 nenber tafeqf stack body 2 is disposed. 6-2.
Connecti ng nenber IZAforned by bendi A VBRI of TN&andard

Value (mQ) Deviation(mQ)

Prior Art Capacitor 10.7 2.1
Capacitor of Exemplary
Embodiment 1 7.4 0.8
Table 2

Average Standard

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



af orenenti oned flat menber upward, the part being |located at the side oppo
17 site to anode nenber 1 A of stack body 2, to connect integrally with

cat hode nenber 1 B of stack body 2 on the side surface extending in the

t hi ckness direction of elenent 1. 6-3. pair of guiding nenbers 12B forned
“by bending hoth ends 5 of the flat nenber upward sop as to nake respective
gui di ng nermtogghother endushingstitvert pAsta St ¢stiredchravesg ARRASHOr 1998 act s as

: i 2 iler s _ ¢
ot ot ur ed ens/iitRe Wt BFAREBLb OB B PLAC oA o IE bW | o

denonst r at @ggithPdaMeskiESBf cha BB BY ihstleighdiesitva thhbyineed iwith peent s of
cat hode nenber 1 B are increased in nunber in comparison with the SEC in

exenpl ary eubidag redwctipngh thisknpsseafethe SEfventi on and the resistance invol ved
wi th cathode nmenber 1 B declines. (Exenplary Enbodinment 7) 15 An SEC in
exenpl ary enbodinment 7 is simlar to the SEC in ex enplary enbodi ment 5
except thatEkBaptay Egybdinhan 9f anode lead frane is made different from
the one of the SEC'in exenplary enbodi ment 5. A description is given to the
af orement i oned di fAerSicanonepnplatyhembpdmesrge? i siniGar k2 the28ECoimest i ng

menber 13A praovi ded . on. cathode |ead frane 13 i s .made | ong en h.to cover
the ontire SHRIANG ERPAMUMER b ABRio bt oA BBHO8S R0 AngHayNS Fgpode

connect i on. 1 JN¢rankds aﬂagga&é WHGL e Fr AR GRE %igeg &%ﬁ@@k@%}eeﬁgﬁgmi Jent 7 of

t he present 1 nvention nonstrates 1 nproved ESR characteristics” because 25
conneciDng paiimest d6f Aaddsociptionnibarivdn Bo ahe afareiteationad rdéffsmtcesn onlyrber i n
conparison wth the SEC in exenplary_ enbodi ment 6 of the present inven tion
and the resVdhaplesenas e Risy WQrTCEFE(étﬁode menber 1 B declines further.

(Exenpl ary Embodi nR”éluE%l%tS{Sf)ﬁ%&%ﬁ% &Qm%éf‘é‘{?' oY RIPOYIVIEDterfrles Shpd ! ar to

the SEC in ex enplar excep at” the configurations of anode
and cat hodestackad di espesf asch oue iflilhjeaas antd dispuvetihm onesudhcd beafpbde i n

Ty et ifiame & On the other hand, 4 plurality of cadiode members 18 arg 0o

15 stacked on top of each other in layers and disposed on the upper and bottom
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 [, 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 structured 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.



with reference to FIG 13 and FIG 14. Cathode lead frane 14 has three

ki nds of structural nenber as follows: 5 8-1. Flat nenber 14A, on which
cat hode nenber 1B of stack body 2 is di1§]posed. 8-2. Connecting nenber 14B
formed by bending part of flat nem ber "14A upward, the part being | ocated
“at the side opposite to anode nenber 1 A of stack body 2, to connect
integral |y Wtsmplaphbabodinpl3)l B of stack 10 body 2 on the side surface

extending in the tRic ss, di i f t: s 8- A pad ui di ng
menbers 14C formed ygggnl?ﬁ %Jﬁl%hpgwg)gdﬁgggHgisgwﬁﬁgﬁ%%g?%%ggueg{ward to

gui de cat hoglapneyleaibollilenf 1 ekaet thadtheZonGput&ieobhedthbasteadoftamrdge | ead
frame 15 are simlarly provided 15 flat nenber 15A, connecti n? menber 15B
1

to connect Badeditferenédrqm the ose afkhe S M aremplaryiempadimisat (158 deo gui de
anode er | A of.stack bo 2. The SEC th structyred..according.to
eronn o crsbtictuis 2B B Rte AroudintPiel Rt e A ViR tERRER RS st ack
accuracy bepptisganfl Fie720 use of guiding nenbers 14C and 15C in addition

to the simlar advantages denonstrated in exenplary enbodi nent 2 of the
present inventi on. Cathddsulgadt FremedBahbasagenndetsg ibenben &boarsl hobding

frane: 15 pr Bl AR ST LR GeRURBaIN 71 o EORY S Femerd IR both

the cat hodey .25 anode |l ead frames provided with the guiding menber.
(Exenplary Empodinment 9) In FIG 15 to FIG 19, elenent 17 has the surface
of an dribde body n@denedtiregd mrenttenrfA os lodafdd onrstadk bbdwl2uab theuside opa val ve
action netal, .30 deposited with dielectric,oxide filmlayer B and then

di vi Fed i nt BoiKoWertfdsyBEmber hfd %%&lht?age%\f?o@rth%; Wﬂ&%da%égslmtst 18
In place. Op i% Q%nﬁgét%gqﬁ%e ‘}alfﬁw%gﬁn%g%e@e%%e%z%x o {H%dsigﬁ s%‘irf’aﬁg'e?cgea

solid electrolyte er "and cat ayer oth not own 1 n
drawi ngs) i tendigcisticothickingsd Baectidmibdeidindal e vilcomlvcornesilvien pastede nmenber
19. An SEC in exenplary enbodi nent 9 of the present invention is structured
as fol | ows: 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 uF is prepared in quantities of 30 according
to exemplary embodiment 3 of the present invention and ESR characteristics

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(mQ)
Prior Art Capacitor 10.7 2.1
Capacitor of Exemplary
Embodiment 3 6.9 0.4

(Exemplary Embodiment 4)

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



5 9-1. Aplurality of anode nenbers 19 of elenent 17 are stacked on top of
each other in layers on both upper and bottom surfaces of anode |ead frane
22 and a plurality of cathode nenbers 1;21 of elenment 17 are stacked
simlarly on both upper and bottom surfaces of cathode |ead frane 23,

“respectively. 10 9-2. Respective anode nenhers 19 are joined jntegrally to
anode | ead §RBYEY smbediment 3 gyeenidhat t%f cﬁggxaua%tborbﬂf aﬁbaée ﬁﬁ%@amfg%y

resi stance i z i QSHB r d negt ed
integrally rﬁgh%gﬁ%rg&t ﬁ@nﬁﬁﬁgrﬁé é’ﬁh%?‘?v‘?ggé on gaéfﬁglﬁjeo%lugggp?'ra’%e&% on
the side swcribdiohaizegbrhefodiitg afdreikatibhed kiffsfende r@ilyi withofef&legoend 17 vi a
a conductive silver ggste (not shown in the draw ngs). Connecting nenber
23A i s forneld.Bamkhdng. part of a flat nenber of cathode |ead frane 23

d. tack bogy,t t ' | ated by, insul.ati k20
aging 861 n o4 so mbiegsfl G Thas ol RRERE el SR Sl T RS 52
and cat hodend|@afh fiedB2r 33 CCHMRHRE f&ﬁnwsy%aingsgalftaﬁf‘ca@ﬁod%arelaaqirmer esin

24. Anode |l ead frane 22 and cathode | ead frame 23 exposed from packagi ng
resin 24 ark0,yespectivelyy t he surface (not shown in the draw ngs) of

ackaging resin 24, thereby realising.a surface nount type soli,
gl ect ?IOI 3t ic IcapacFPB?‘?Ctﬂgy%n%elfijIO%’glsgll%afsedi(H‘ a@fgﬁ",dytyzzét é]?célﬂﬁ %z enpl ary
enbodi ment 9, hasande AEABer 1 A9 Elﬁh%gpé&i@“@ﬂﬁo&@ﬁﬁrﬁﬂe@% g€ eR¥nent

resi stance I di ng via through hole 21 provided on anode nenber 19 by neans
of resilék antés wehwkictel edtegtallyd® @mnedtinghhembend0Anm tlensidke wuicfaceraxkoi | 17A
is concentrat a,d i hsi de_ t hrough, hol e 2% ince alumniumfoil 17A is exposed
direct|y 308Aingi@ thsdbickpssy dirgetiomp ﬁfw%ﬂevmcwwwﬁ S§iver Battei% oxi de
filmlayer rj f f hn re, [ nce

wel ding’ 15 GPTIae SepLepd B AEa bRRLER adE R sk LS B 2 2bR T

20 As a resgddnectioh. dbidindmentidealil hdldsasisek Bod@RI dni the Gpperedndi ber-ar e
stabilised but also no occurrences at all of deteriorated herneticity,
short ci rcuiom perfacrs thaeeofi ke are observed since nolten aluminiumfoil 17A
is pre nted conp I I ut si i
exenpl al\ré§ enbodi melrrfé gli?esftﬁpl?sg%)tggetgg:bd;ﬂs%%ggﬁgnt% %%éﬁl?ﬁ 8¥;gﬁgﬁélﬁﬁ%#ﬁgrﬁ top of

each other fhe pryents idnratibBRIehanacdtes ienhacedielidBEsUIRonhablién beshows
t he neasurenent results in conparison with a prior art SEC. The SEC is

prepar ed wi ¢ause kenpestingmentbes 19BvVisiplacid beyivgaa stasktlagersa{cstack pedy A
o eSS babTRp0 i SR o] e T ndlel GRS ih2ygcuct e

under the c

Aver ageM ni praeVeiboY IHeE s 8f YSedtBeMaiste (nB2) Val ue (nB2Devi ati on
nS2) Prior Art18. 69. 835. 74. 17SEC i nExenpl ary11. 59. 3| 3. 20. 78Enbodi mrent 9 As

Tabl e 2&learly shows, the SEC in exenplary enmbodi nent 9 has 15 a smal |
variation a a Io%gi\éﬁ)r(ﬁ e value in ESR characteristics. This fact
i ndi cates t HAtTRHR | gmBIétt en anode nenmber 19 and anode |ead franme 22

is performed in anagxtrendl ¥x&aipialy efboimneRl Sa8GiAIRe thithd SH@BhIdLy. FIG
20A and FIG 20B show different exanpl es of through hole 21 provided on

anode menbeempBiry emboddemene arpémshatathsl condigurstiof of catbotadebiramedsgh
holes 21 A 805, BALL46%, o1 anote b 49, and londated e ap vt
vel di ng5 CogfdrItealdifRetiBhs hDBREaddHAH I a0 @RaRY PebBried FRESIIThE €S 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-



appropriately in accordance with the shape, dinensions and the |ike of
.anode nmenber 19. 25 (Exenplary Enbodi nent 10) An SEC in exenpl ary

enbodi ment 10 is simlar to the SEC i n; €X enpl ary enbodi nent 9 except that
a spacer is disposed between respective 21 anode nenbers. A description
is given to the aforenentioned difference only with reference to FIG 21
and FI G Zif?WSpacer 26 is formed to have al nost the sane size as anode
menber 19 of el emgn 7 |.Qi . S wel di ng
Vi as through hol o b PpRBh sk SuEVRIRHF ek, B LEShRESE,
structure infermbéte] Boflshrk wdgyoly diggoddd. ckness of spacer 26 and anode
menber 19 of ter welding al nbst equals to the thickness of cathode nenber
20 of elenment 17. 5A2pAupairi efycoinestisgemembers 1dActorinedrey Uspdjng hpy spacer

26 to apode er 1 are stacked on top of egach other i.n |ayers.gn both
st { ace8 of 4 of depePTIRSHIRE Nekdeptanatystlg Satrsuchieathitt Paffe 25
The side of,,aaldaodeniRINES 2thk ibBuPeH ViR GRRAUGFIckecAdhEREVE (IOt Shown
in the draw ngs) and the side of anode nmenber 19 is joined by resistance
wel di ng. TheicBEessdirentionr eftelamennlexenpl ary enbodi nent 10 has anode | ead
frame 22 and anode nepber 19 j.oine oget her, via spacer 2 de of a 15
metal with no coaﬁprﬂjﬂgﬁ Wrﬁﬁriﬁdpi@tﬁgt%ag%e P fecert H@r@&fg e GHdde nenber
19 stacked ; nt f {oPthERP; QL hefel o1l ayers
is joined tp\é\érg%org%&#lea%lt réaflfrrg1 ez‘glj egf}ﬁp }el‘;,?ritt%ﬁge&%ﬁsgérﬁg?&{aheégbye

facilil@ti fgrembe ineldichg whidc egmalsFuy ttherthidkness wif element Wekatiked & ect r ode
of resistance wel dif% is contan nated when anode nepber 19 is wel ded

directly akgl@y. op fHdapambgr AcH thei Rlage Miieke cprpeing membes /R synotrhe
dopt i f . 1 he: i.natj qn f ing,
Ehereby al IOFREEC AR e AONHSLILY £ STk O ASRBPRTE Al COMAGEET (L 10, ¢

al so acts amtddiedhd ofidhelpidsagt iantion OIConnedien aideter 9 AndproMidst spacer
26 is disposed on anode nenber 19 of element 17, the 25 thickness at the
si de of aneady pargnerside ofdbetes mambern udiimeonnscting membrhéBs whick & hode

renber 0. A5 & beSbln, AIGHSIRIRSL LR LS, pievented from getting bent ‘and

depressed for kage. ererore, no cracks or disruptions are caused on

the dielectric oxi dgefJEathayarudtofdiestcordinbaosexehiteryodmpodigeentenber 19,
thereby allowing an SEC with a | ow | eakage current to be pro30 duced with

stability. theakesgat gwentinnglepionstratesHmpraved storkiehilite becanse edempatisyl

enbodi nent 10 of .t he present, i nvent,on _are, neasured. an ble 5 shows the
Tooec 0" ool cad e e i Nel pRbeto R B TR ERaSvREER T s ang
vol tage of dehfon¥BARMY @CexIaiplary SmBodimémndot e gﬂlé?éiﬁiiﬁir&ﬁicﬁlf the SEC s

prepared for the neasurenent are 30 for each. Table 5 3 Stack4 Stack5

St ack626t ackLayer sLayer sLayersLayers(nA/2 nmin)(nA/2 nmin)(nA 2 nin)(nA 2

m n) Prior t 1283299011210SEC i n Exenpl ar yEnbodi ment 1095113142195 As Tabl e
5 clearly iﬁéﬁg’}’iir ?%é?&‘i‘?f’"gﬁérrpl ary enbodi nent 10 of the present

invention allows nof Sﬁﬁﬁnmﬂﬁléﬁa&n%@iﬁ%r@% aNdinmitade PRISREr inl@xio join
to each other strongly but also allows a structure for mnims 10 ing the

stress i npesgdagnembodienersfbexcepd thas the corfipistion dfhwmtiedde keliferheigs a gr eat
SO O SRR e O SR M e 1 UK
avantage 1o DR L P e e e Bl ek Pt B by 1
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-



15 creasing the nunber of capacitor element |ayers to be stacked.

(Exenpl ary Enbodi nent 11 ) An SEC in exenplary enbodinment 11 is simlar to
the SEC in ex enplary enbodi ment 10 exgept that the configuration of the
spacer di sposed 20 between respective anode nenbers for a hei ght adjustnent
is changed. A description is given to the aforenentjoned difference only

with referebitetq enﬂeanez@er[b@ppté%%mﬁ@ pPsenaeet igtearply arith pathgde
t t d t d
o emont 17, EpERr I B FRET0AYA Bp (B SEI-RRAL SecRBBMCUTBORRE o

exenpl ary embe@:ﬁdfﬁafelkh@i 1t he present invent| on, anode nenber 19 of
element 17 is fit in depression 27A and spacer 27 is joined to anode nenber

19 by reS| st ance wetdim@ain of guiging meémigqrs H@Befozmeér@(/bélé@ﬂﬁrbféhmés menber

19. Th d
osi 11 o ngo b N AR I kS TR Bl PRDeFRTE shfiRe ufUBPERT 2B,
t her eby prOﬁHé@'d}ﬂ)o@ﬂe$5Qa@f1 Ah&N Gridiaki rhbltnl‘)ei hoBUSs aban¥iisdfoR Hep k per 5

formed with nore increased reliability in addition to exploiting the advan
t ages si m | mxining thhgositem éfistedehpdny enbodi ment 10. (Exenpl ary Enbodi nent

12) An SEC in exenpl ar odinment 12 is Jmlar to the SEC.in ex
enpl ary enbodi men{n}h@ Sé{gé s fth‘é‘ft“ferféa i“@uﬁoa?’feéhplﬁfy ermbodpnent, 6 d’gsposed

bet ween reser%cbfexg@n@%tmﬂhgﬁ%nm&eé ib@ q%w%m i &N BBGRTe
description is given to the aforenention ference on y wmth re erence
to FI G1(4. ccﬁpmcanga&ms of oxthddd membeibé Bt amentcrmsd 48 mdmbereth bymf ol di ng

15 back each of bot nd arts of spacer 28 exce t| the area where spacer
28 and anod%arr‘r%’rﬂ)@’r‘thlgl Colo gginpiany smboskiment fﬂgrheaawse)@thwenilﬁéreby

formul ating, gy ﬁ&%‘ Fstel %E@S‘lv’%ﬁ%‘ﬁﬁ ‘651%092 nPéfberSAS e QlﬂngsBA Bet ween bent
A'thus t ¢

sections 28 orne at positions opposing to each other is disposed
the end part of anode nenber 19 shaped li ke a projection. Then, spacer 28
is 20 joined to anode nenber 19 by resistance wel ding via through hol e 21
pro vided ofExsmpianEmbediment The” SEC in exenplary embodi ment 12 of the

ghggglntregn?vﬂt Ib)c/mr gaslsggxfgln%’?‘%gﬁlﬁﬁ %Habs);r e ntts'l?r ifs ﬁ?g%g r&ﬁ sé%:{telxons 28A,
which are fenpkely @mbusdtime@nd 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-



25 parts of spacer 28 by being fol ded back, respectively. (Exenplary

Enbodi nent 13) An SEC in exenplary enbodinent 13 is simlar to the SEC in
ex enplary enbodi mrent 10 except that tli%constructi on of the spacer

di sposed 30 between respective anode nenmbers for a hei ght adjustnent and
“the nethod of joining between the anode nenber and the anqgde |ead frame are
changed. A bedisrmp ok desginion tsogives tafthe afermmaiimed; difieremes oMKl y with

b
ref erence to FlG .2 n 6A,through FIG 26C. In FIG 25 and
FIG 26A s‘ﬁé@erre?efgkc%%)s?{(ﬁr%ug%&(l)ﬁ%jef%'OA at the position corresponding to
the position of thcau@iehRhe #imer o¥ighedieee Ainde ofeythRturk? Mémbkerent 17.
Meanwhi | e, a through hole is provided on anode 5 |lead frane 22 at the

cor respondi fadlgyosi ti on, al so. Accordingly, when a plu rality of elenents 17

are stacked on top,af ch other in |layers o ode lead frame 22 through
ol 5. 5 provi ded 81l HICHBETNVE |4R0 08 NEITDSPEISEE BREUER B oGk 2%80A
together fopm gislbt]g&ygh hol e runni ng through all the conponent parts

constituting the stack body. Rivet 31 is inserted in the 10 through hole
formed as descri be8-2. (Cabeeting mermbadb4 Bdoheed b9 temdiregnpalie dfddat hemre 22

are joined wth each other by swaging rivet 31. As other exapples of spacer
29A can be E%rn@}faélpé‘@r B p@ﬁbﬁgpg lagatgﬁba&éhesmég@Paﬁalt%gcaw MEEPSH t h

t hrough hol i i t as
doscrbed 1 iafon stk dodne BATARELS Ral 0 e Calbdc bR U PREMIEREE oniy
j oi ned HK®gebddy 2 sinrtheglide hurfackl cneddiagjiniti tigclas eldectian dielqaeidtor.ned

W t hout using a wel di 2‘8 machi ne.  As a result hi gh performance and highly

feliabl e SECis nade.dbaRian! o mensar|ldCofasaid b Reading boih #nds
ducti | i .14 S |
P rmod ooy 5 EBBSectty Mtf ALY (oA AeBlict NanMSTenl L KR TRE Sk

the nmet hod bddy @i ni ng between the anode nenber and the anode lead frame is
changed. A description is given to the aforenentioned change only wth
reference to FIG 9n thesothar haed.seivianede Igad famienl erehpinilgrle Moovidednt 13,

poci 01 o confLapaNirriy o SRR mRaeL TS Br G hliobth Rl R Hhshdf ofo of ©

el ement 17. stAtR GodgnPuhergulidingugbmbet ¢5C5top%m'b¢@féd@npamsle 1heafl sfacrne 22
at the position corresponding to through hole 21 provided on anode nenber

19 of el e30bo@n2. 17. In the sinilar way as in exenplary enbodi nent 13, when
a plurality of el enpent 7, are _stacked on,top of each other .in | ayers on
anode |ead 25 friﬁﬁ @é}lt]éus[ W'&‘E}_&ﬁeﬁ%‘f(’é’rﬁ@gft& %eanﬁlﬁr%agﬁogl%?t gé)fr unni ng
through al | Hehpueh HRkBBoR M MLdas GHhan8sPaRidkVa APRIepERIRETT e and

t hrough hol es provi ded on respective spacers 29A. Conductive silver paste
32 is f3AQ | eusd of ghalicgprbémberssi4Hglapdt IO ingyladddion tdtse Sioribardad amtagsisy
al l owi ng an ode nenpber 19 and anode | ead f.rane 22 to be.joined together.
Accor di ngl yle’PHESté?f\?gﬁ? 5_68'@@ :epﬂ’r"%ﬂ@e{‘hg O_gﬁﬁ@%plgegg{lﬁ ’é‘é(anf‘hn'exerrpl ary
embodi ment 13 can hguRGRhauedhdvhhfgtd@estElbddNint Mo Wy SREMmEXIFREA] st
enbodi nent. 10 (Exenpl ary Enbodi nent 15) An SEC i n exenpl ary enbodi nent 15
is simlar by haNengSERY ioncexferphade ledbidineet ah0d anodepiead Hfedme HE pwt-hod of
joining between th node..menber . and, t he anode |lead fr is changed. A
oscr i pt i onViedgrUBART GUHBE dROmbiodt fREI ety BoERI ThihencrEPEr SRde 1o
FIG 2 nd . @ﬂlg,g- I Sq; | i n advance on spacer 33
and an?dr'g ngﬁ%ogleﬁg,fra}@esﬁ%ﬂgﬁve y?tH'?thgBo?dé}?g%ér{lgﬁ%f respective through

hol es are aligned with each other and the through hol es are swaged toget her
fromthe side of spacer 33 towards anode nenber 19 to join both together.
FIG 29 shotixemplagnEgthedyment 3. A plurality of the joi ned bodies, each
formed as 20 descri i , 1@r Mokl piles
and integrally joi %@g??bggﬁﬁgﬁébggl g?ﬁ&\?\g?g?aﬁghg%gﬂ%%%?%Eeaf%gg(?(())rdgi ngly,
t he advant agedesifmaluatinion tfbdl DNeSin edicls @lummiemehph arayve abich meeal, 13 can

be achieved with the SEC in the present exerrg)l ary enbodinent. 25 In
exenpl a1 efeppfiiednvishidiglectigrxgle Hlmdsyer pYBoHd thesr divaded ynto 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



given to methods of reducing resistance at the cathode side of capacitor

el emrent stack body. In exenplary enbodi nents 9 through 15, a descriptionis
primarily given to methods of reducinglbesistance at the anode side of
capacitor elenent stack body. By conbining these nethods together, equiva
30 lent series resistance characteristics closest to .the ones of the nost

i deal capadpY®r and eathqdendayer bgth me4 shoam in theg drpwings)1in Auecsspign.

el ectrol yti i | 81 N0 . i efgent stack body formed by
st acki ng algvg$§1lrég%hBQEP%%§%€?¥%?lé%@ﬁ@%%ﬁ%nﬁ%éﬂgin sai d each respective

capaci tor el enent AASSEO ianegan prRAH &mbEidment 3t bpdke eediat ihosiwsh by
di vi di ng an anode bocrj%urrade of a valve action netal and is fornmed of a

di el ectri c sosictiedjap ayeér, a solid electrolyte |ayer and a cat hode | ayer
stacked.on top of C thet, in.layers in succession surface of said
cat hode5rrenber; 159?'2?1 aolélﬂgllﬁyeé;fda?&r/d%n%e%‘% ’hsejc:fgg eiedn%tginlf E\ osé%a??gn%‘ér of
capaci tor abgmEHachiAR& BOMYersfH batlE abp&dsnd 88do kT AIFBadRE Qi ARde b a

connecting menber to con neCt integrally with said cathode nenber of
capaci tor drane2 sndeokplboaity oof eatbodie nsumbers £006f skimerdaldheie stackédnent

extending in a thickness directiqon 20 thereof. 2. The solid elegtrolytic
Capac t of HUERHIrG POTLEEPH A1 E0ah MERCreasEaade 1Bd i ook oo | ead
frame is di%g%@gypetmen stack layers of cathode nmenber of said capacitor
el ement stack body. 25 3. The solid electrolytic capacitor according to

claim10or 2, wher®2nRsapectoat oot heatbdrs di¥eatesjdined hetegmibvideadode t h a
hol di ng nmenber to hqld both upper. and bottom surfaces of sajid capacitor

el ement stggﬁﬁw %e‘élﬁé tquedy holeayl provided ooy prpde BERRSKF VA BY d5iaci t or
accordi ng tth&]h@ieinég. 2 or 3, wherein said connecting nenber connects
integrally wth sald cathode nenber of capacitor elenent stack body on a
side surface of sa&-3. Rappettivy calhedenmembeenddngrei comnelchid kitegmlldi tecti on

t hereof and located at a side op 35 posite to said anode nenber of

capacit or l0BABHNE MEAOBIRA PEovigad oaotathods kadrisamei’d erphe sidsrsuiccor di ng

0 athods % Hicco
comr ) 485 daee @RTTng in e ufdonos SERTLR XA BT I RoMRIDRL Wi "

capaci tor eleepasie @baskowdy tikhdavange).surface of said capacitor el ement
extending in a thickness direction thereof, said side surface being |ocated

at a side opposit eCorneshing mawer 83 Aeivformed hyapendingpag ehedlat ek body.

6. The solid el.ectrol ytic.ca itor according to any one of the pre ceding
cl ai s, V\heb?eéiort;cggllo eﬁé%iér&‘e*pﬁa%%b‘pwgﬁe further conprises a pair of guiding

nermbers to gui de saigadlabbadanibbectatd Gapathpailaldepenhs@hasg pllkbody. 7.
The solid electrolytic capacitor according to any one of clains 1 to 5,

f ur t heROcorgging remgn d4pwi s of haje parh gl veabeespertveradody leashamg 22wendp
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.



posite ends of said connecting nenber to guide said cathode nenber of ca 15
pacitor elenment stack body. 8. The solid electrolytic capacitor according
to any one of the preceding clains, vvhglbei n said connecting nenber is
formed by bending at |east part of said cathode |lead frame. 20 9. The solid
el ectrolytic capacitor according to claim8, wherein said cathode | ead

frame further conpfpgessulti nat onkyntherwetkabilifyouul ediability ooweldingisse of

oy hena na VANTBR AR PS8R o0, 3P PARE ARG b or o
respectivelyrculfing T8 tBONIKE £beSfHsERlNtdific L ARAChI RLmAFiIGRT €bing 7]A0isChRL M 8,

wherein said cathode |ead frame further conprises a flat nenber to have
sai d cat hodentedrbenpttekyafpami hang etleassdt owsislek body di sposed t hereon, and

30 sai d_connecting s forned by bending two o ite ends of said
flat member upwar ds'[q‘t%gbh%é ‘Paeéﬁeﬁﬁ’q%é’cﬂ%tﬁ? é‘fe.ntg) ?@rfﬁgpe%a@’ dlgriige fgur
el ectrol ytigr eppaghtor ogcg%ﬁ{ RAch HREY iPMeyRb dnldeEBRE chfidlLfagishikaiang,

wherei n each capacitor el I's provided wth a through hole on said
anode nenbemeasurd®. Talslel 4 dhelactheomehbwreompacicswis cwmpmmirisgn withapaci t or
el ement stack body fornmed by stacking a plurality of capacitor, el enents,
wher ei n sai RF¥ash $eSpeths §éccb?pa’iﬁpﬁ‘€ﬁd withnths; ragings Af égo\%énn‘ﬁ%ﬁiﬁn nd a
cat hode ne 0 i vi di anesle - 10 e atyal action
nmet al , andr?og{%gfoer%ggma%icg%@%n%g oxXI gleqpigrf%l ag/g?,g eaa%ébl |T§@e é=gﬂcst rolyte
layer aond aureaidh@diecomlirtedtiiddeatie @0ndidivnefo @Oz had 20rrd.ayers in
succession on a surface of said cathode nenber, and is provided with a

t hrough hol e on said anode nenber; an anode |ead frane connected to said

anode nmenber of capacitor 15 el enent ”Fatb?gﬁ body; and a cathode | ead frane
connect ed to—sai-d—cat hod%[ rerber—of—capati—fofr—etenent Sts‘n%éh’r;'aa?dﬂ’dy' 3. The
r ¥

solid electlrolytic capa¢ :ﬁir:g%gﬁg ill\\ﬁﬁ.‘;?‘g'n&g ai ﬂm%ﬁﬂ%z’Deviation(mQ)

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
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



20 wherein said respective anode nenbers of capacitor el enment stack body
are joined with one another via said through hol es provided on said
respective anode nenbers. 14. The soligelectrolytic capacitor according to
claim 13, wherein said 25 respective anode nenbers of capacitor el enent

stack body are joined with one another by resistance welding, via said
t hr ough ho!aégﬁﬁrlawgeﬁ- ot sdﬁﬁiflPté%’béétQWé“ afdbe %@Fﬁd@?@;énf@. diffgene d
el ectrol yt 'o%lf%ﬂﬁ?féf@fen@gcf@@?GngltaﬁquIg{%:.L& wherein said 30 respective

anode nenbers” of capacitor elenent sta body are joined with one another

via a rivet insertQghcen26as dotnedtighaveohlasospiioy sine s Hadbdeenspbet i ve
anode nenbers. 29 16. The solid electrolytic capacitor according to claim
13, wher ei nl%af alemayddt pndicined o magde memberc b dui tesistaicenwalding ék body

are joiped wth,an ot her, via a conductive,adhesive filled in said
b ough ol Bioubrdbitaed T lislih BagB Rl fone emiBethen i R o |
el ectrol ytij§ neARaG thak adnbidedPhicRnadtyo Oiiicef 26 dPid deatemBe£ I Qialfs,
wherein a spacer is provided between said respective anode nenbers of

capaci t or ébemehding tadmisbewiials 1@ thethigkress @ifi cdtha decmenibgt 20 dfaglamienbr
according tq clai 7 erein. sakd spacer i r.ovi.ded wit recessed area
o have Saild- afollrFkhohs Slsmees B2c rodt TRl IPISE fertred SRR sor a
el ectrol ytifen80a¢0! 8fe HAEREHLA%OPCOLEANTbhEr Qh 1hFerslon WOBH Suftas&Y &f Spacer

is fol ded back at places excluding an area where saisd anode nenber of
capaci 106r eksmetiveanddsdeall fpaeel2 amdcithodghtad framec@nt be sidet &f edbh ot her.

20. The solid electralyti.c. capacitor accordi .to any one of clains 17 20
to 19, wher®4enmERy 6% 20ucPntdobL 4 HrOREH Ve @Q_Bgs_em@o'%’w iR b ArdH- ca _
paci tor el SHED!af AEkiBOHY i MeRttRM 1905 BEink by HRaRERRIajR! . The solid
el ectrol ytic capacitor according to any ohe o |'al s to when
dependent on at | €Hsd SECadtmcldredraslia, exehgyl @iynersbodinsidad@rhassanprde 124d vi ded

with a through hole, said through hole being | ocated at a gosi tion cor
respondi ng frgng 27 aed anedeemsmbar (I iRigRd Herethsk vt dBacen2e dnadawéde mem

b f j . i : . :
accoring rhe el il FCRhR MBF BhFhed £F ind WEEEEY LR PRRER,ALE SEAREC L0

a connect i rgrmenfieckddowdtbrn pliralifit 6f gleddnys W7 tdn i 6ff eashhetier ifetders of
capaci tor el enent stack boda on a side surface of said capacitor el enent
ext endi ng iif jained; tokanoste lepd deame 22t beredstance 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 welding 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. Therefore, 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-



30 23. A manufacturing nmethod of solid electrolytic capacitors conprising
the steps of: dividing an anode body nmade of a valve action netal into an
anode nenber and a cat hode nenber and gbepari ng a capacitor elenent by
stack 5 ing on a surface of said cathode nenber a dielectric oxide film

| ayer, a solid electrolyte layer and a cathode |ayer_ on top of each other
in layers i|¥WeEgaE&sWisgH; campaksongwitha prigriarty SEE sdhg %%%@?4 HPﬁég%ments
on top of e ' nyeach 1 of L SUr ' ' anode
| ead frams&gﬁgqﬁgﬁlégggshf?ﬁesz '%f Yaﬁngdsth%oql%e@glt%gn{fﬁﬁgo%?%/%ggﬁéa\r%ﬂ\ggﬁ at
posi ti ons whthnéaspraaaiteirsizoedr spaei ng provi ded t her ebet ween and j oi ni ng
sai d anode nenber to said anode |ead frane; joining said cathode nenber of
capacitor elenment to said cathode | ead frame via a conductive adhesive; and
15 formong a capacitor elenent stack .llzagii‘%lsby stacking a plurality of said
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(Exemplary Embodiment 12)
An SEC in exemplary embodiment 12 is similar to the SEC in ex-
10 emplary embodiment 10 except that the configuration of the spacer disposed
between respective anode members for a height adjustment is changed. A
description is given to the aforementioned difference only with reference to
FIG. 24.
Spacer 28 is provided with bent sections 28A formed by folding
15 Dback each 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 28 A. 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
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 Dbetween 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 differences only with reference
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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-
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 ment17.

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
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10 (Exemplary Embodiment 15)

An SEC in exemplary embodiment 15 is similar to the SEC in ex-
emplary embodiment 10 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. 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 plurality 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.
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1099"9& ()- vy a capacitor element stack body formed by stacking a plurality of
10 capacitor elements, wherein said each respective capacitor element has an
anode member and a cathode member formed by dividing an anode body
made of a valve action metal and is 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;
15 an anode lead frame connected to said anode member of capacitor
element stack body; and
a cathode lead frame provided with a connecting member to con-
nect integrally with said cathode member of capacitor element stack body on
a side surface of said capacitor element extending in a thickness direction

20  thereof.

2. The solid electrolytic capacitor according to claim 1, wherein at
least part of said cathode lead frame is disposed between stack layers of

cathode member of said capacitor element stack body.

25
3. The solid electrolytic capacitor according to claim 1 or 2, wherein
said cathode lead frame is further provided with a holding member to hold
both upper and bottom surfaces of said capacitor element stack body, re-
spectively.

30
4, The solid electrolytic capacitor according to claim 1, 2 or 3,

wherein said connecting member connects integrally with 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 op-

35 posite to said anode member of capacitor element stack body.

5. The solid electrolytic capacitor according to any one of claims 1 to
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least part of said cathode lead frame.

20
9. The solid electrolytic capacitor according to claim 8, wherein
said cathode lead frame further comprises a flat member to dispose
said cathode member of capacitor element stack body thereon, and
said connecting member is formed by bending two ends of said flat

25 member upward and downward, respectively.

10. The solid electrolytic capacitor according to claim 8, wherein
said cathode lead frame further comprises a flat member to have
said cathode member of capacitor element stack body disposed thereon, and
30 said connecting member is formed by bending two opposite ends of

said flat member upwards to be facing each other.
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tor element stack body

13. The solid electrolytic capacitor according to claim 11 or 12,
20  wherein said respective anode members of capacitor element stack body are
joined with one another via said through holes provided on said respective

anode members.

14. The solid electrolytic capacitor according to claim 13, wherein said
25 respective anode members of capacitor element stack body are joined with
one another by resistance welding via said through holes provided on said

respective anode members.

15. The solid electrolytic capacitor according to claim 13, wherein said
30 respective anode members of capacitor element stack body are joined with
one another via a rivet inserted in said through holes provided on said re-

spective anode members.
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10 18. The solid electrolytic capacitor according to claim 17, wherein said

spacer is provided with a recessed area to have said anode member of ca-

pacitor element fit therein.

19. The solid electrolytic capacitor according to claim 17 or 18,
15  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.

20. The solid electrolytic capacitor according to any one of claims 17
20 to 19, wherein said spacer and said each respective anode member of ca-

pacitor element stack body are swaged to be joined together.

21. The solid electrolytic capacitor according to any one of claims 17
to 20 when dependent on at least claim 11 or 12, wherein said spacer is pro-
25 vided with a through hole, said through hole being located at a position cor-
responding to a place where said through hole provided on said anode mem-

ber of capacitor element is located.

22. The solid electrolytic capacitor according to claim 12, wherein said
30 cathode lead frame is provided with a connecting member to connect inte-
grally with said cathode member of capacitor element stack body on a side

surface of said capacitor element extending in a thickness direction thereof.
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