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 amilytis tagdcithridlerddnt Sack ahitednFIR Jikdde | ead

frame 54 via_ a conductive silver paste (not shown 6 June 2005
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




2 in the drawi ngs). 6A) Another capacitor elenent stack unit 51 LS, s%Q@(ed
on cat hode nenber 50B via a conductive silver paste (not shown PRt

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

of “each other in _ | ity ¢ expspioro |
shown -t PP SRR w16 ARy Rpectéd Wi I RenFEHBTYAT o "

di vided into anodeAyerixeplbSlignel caidoitde erendiftrstadlOubiys 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 3Rnis| mygeess-dentisnalhvigwnay caotheavinoy artoddidreleder 59
R oo RoR Al capdBRE! sRlctubl AtfREHAY B uid oRE ShiGwn SRF1G! 30 405, AN 2! 5°
15 . 33 is a perspective 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




menber 60 di sposed on both upper and bottom surfaces of cathode é ad ﬁg;]une
2005 3 franme 62. 2B) Respective anode nenbers 59 are joined int S’r"ﬁlz

with anode Ilead frane 61 by resistancg wel ding. 3B) Respective cat hode
menbers 60 are connected integrally to 5 connecting nenber 62A provided on

cat hode Ie%nﬁlg\@e 62 on the side sur- faces of capacitor el enent 56
extending in € thickness direction thereof via a conductive silver paste

(not shown in thez@)aw'spealve Alglict memdlety 59 GeNNAREd ﬂﬁe@ﬁ’l’l?%itﬁ?aﬁohé_ formed
by bending part of a flat nenber of cathode lead frane 62 into a right

angl e. 10 Bipdusamg Gy wespdanacoveldingrent stack body of FIG 34 thus
prepared, the soli ectrolytic capacitor of FIG 32 is constructed as
fol- lows: 1C) Tﬁg)?g?fé’@lcﬁg%/ C@ﬁ&f@nfneﬂtﬁ%ﬁ odif Fgméff?é%éﬁﬁeéfaég‘_' Wth an
in- sulmti penMREHMIThBAbELELR Iﬁ%vid%dscs&f:Eaﬁo\ﬂ@xe&ﬁfﬂaﬁ{et%?tmrtﬁﬁ@ﬁfé kye anode
| ead 15 franme 61 and cat hode lead frame 62 is exposed on the outer
surfaces ofacepafkapaditprredanentc®; eRiEhdidvgoitethieghitkhesndirédicanthepatfhdae | ead
frame 62 exposgd fro ' resin 63 are respectively bent along the

packagi n
surface of SRR ¥l V&ipﬁSte%J@.‘"g?W%“Féh% avgdR in the drawings.) 20 The

solid electrol yti | ol i '
pr oduci ng capaci t%‘rdggt em% f%gﬁg%keﬁgnrp?%% 839‘51538%‘2‘8%%’5%& H@%gf ca- -
paci tor el efihnsendierarf datdpdef leadidiantdt 62 intora tigessgland t hen by further

stack-, ing a plurality of capacitor elenment stack units 51 on top of each
other ith “piles. B¥ceFimenghs  capseiten siement edtck hodgt pfoFIGordfortng part s

win a i ghePERaT A2 IS, ARSERNE SREBFRTRT T nphyiR] % Blhanctive

sﬁl ver pasklogvsonto respective stack surfaces of a plurality of capacitor
el ements 50, capacitor elenments 50 are connected with one another
electrically to Cb@);f]’,hgcqap@glmﬁcment stack body is encapsulated with an in-

sulating packaging resin 63 in such a way as part of respective anode lead
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




30 tor elenent stack unit 51. Furthernore, a plurality of capaciégr g{% ment
stack units 51 are stacked on top of each other in piles with a 2ol lve
sil- ver paste applied therebetween togconnect electrically between
capacitor 6 June 2005 4 elenent stack units 51. Finally, part of cathode

| ead frane fa,LOGRATN §Nep; BON GMO0e Lo dd RSH BlnE3RI6LERH ol EEN!

stack units orns a ca r=""m na ernal “connection, thereby

nmeking it dottohtol thd sbcleqicpddiftir d€ment Siack RIS 5aANGemt rLéahbed tdo as ESR
on occasi ons, hereafterl characteristics to 5 be made closer to theoretical

ones si nce miRal frsexdernal epneeciiondshéreby makiag it diffigult| fongquivalentEsR
characteristics .of th etup, as ri bed i.n_ahove ar denpnstrated by a

cummact on StesaruSianbe Teted € BRI bh R Fritn SRR e ERER Rt

il Tustrati @8 Midddeserdo: thdéreflalReRdsSHARS helisRnOdYE esthbat YeRN N thayer E of

capacitor elenment 50 that constitute capacitor elenment stack unit 51. B)
Resi st ance bRdopg.oduced between the piles of capacitor elenment stack unit

51. Therefore, as.the er of |ayer f capacitqr el enent 50 and the 15
nunber of pil s Ti léﬁgggl?atra?mélﬁ%ﬁwff Beagalbmifis; deseribey B aBove fre

al i enation deﬁ%h!@@t@fl ?ﬁtAJ%mﬁ%ﬁﬁﬁhﬁftﬁe%ﬂbﬁﬁﬂg%s%&ée%%ﬁ LEHoWRSE | S

grow ng. Additional since there exists a conductive silver paste between
respect i veanehghbiwu ili usgratiapacdfi RIGY. 38k enents 50 and al so between respective

nei ghbouri ng capacitor el enment stack units 51, the dinmensions in the height
20 di rldttion t her &dRasitange Rhpgeduceddietypemthe lagensioffiappsiten elemsint t he end

prod- uct @f ik Irdg?{ ﬁ{qu}:g °¥E°%§%e(f€§lﬁ§ff{ﬁ%§ﬁ?59? reduced in thickness. Wth

the solid elec ?/ I C capacl a plurality of an- ode nenbers

59, each provi dedB) Resbpamict R? pebeutadl béifieeR ke pile€Of dhbycit@i slethent 0 anode
| ead frame 61 by resistance welding as described in above. How 25 ever, as
FIG 36 sh¥#gk ugitellectric oxide fil m | ayer 56B is forned on the sur- face

of o um num ol yEBReh D, S PEURIOE D ertDERABITHF FBAESLF Bt B Lo ™
15 = number of piles of capacitor element stack unit 51 increase, an alienation .
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-




oxide filmlayer 56B having a high value in resistance nmakes it {]ﬁ{nd é%r
the welding currents to flow As a result, only part of alumni £8P s6A
is 30 wel ded onto anode |lead frane 61 or alumniumfoil 56A is not wel ded
onto anode lead frane 61 at all in the bad case. Therefore, not only
defective ca- pacitors due to insuffi A ent wel di ng strength are produced
but also an in 6 June 2005 5 crease or a wide range of variation in

equi val entressr oreswidesusgaolCeriatipn he eqeivsledt serien resisticetmoaysod vasede

foregoi ng probleps, an increase. of weldi currents or. the adoption of
| aser wel di ng i SIVRIET RAATE BErTeregaiienobiBtie 4 Freise RE Waine SPHEYS ur os as

above Yo S BB 0L SRS afl! oW Wl ok, Umb ks, X ey

extend to suc ces as cut sectlFons o anode ne and the |ike,

wher e al ushuitereasires B64bdve masparrd newrprobiymbas felfdvashed to i npair an
out ward appear ance. The thickness of packaging resin 63 is reduced by a

co mg iar abl e anounMajen r?ﬂi#r{l@ﬁllﬁlfﬂkhSﬁiAuW\g}’ @ﬂegé éasughplagesascali Seeipns Slich
PO T NS BT I R BBE e,

i ke. si nce ckness "of "anode S | ess

than thegsplhdheldne s@pair eahReRl appEheincd OThethdkpessSolCpRRbEifkg redinearis
nei ghbouring anode nenbers 59 when capacitor elenents 56 are stacked on

top of eatddueechby aiconipayehle amopne pf modisaclimmivmded Hekbdesbscaysiag

10 ol A0S £A08, FALTIANG, Bl SLRT AR °
af or enent i oned gaR.th&otddikand, ce ARAARKABARS ande nferltt sAR i @afXt et of

bendi ng of anode nenber 59 Is nore pronounced as the distance of anode
menber Sthefthivhness adeathedd nignalve @] aigaprie aceted bEtweaf neighbamingxanedsi ve

def ormati on of node nmenber 59 due to the pending results in cracks

created i FHEPRFFS WgF’éF@@ﬂtP’&ele@;@P‘éé[ﬁfqu ﬁﬁapgfﬁ?n ggﬁeofﬁ?aci;&mril T a

br eakage . i I ¢ [ it L AT ry of

The. | nventT o ekt iyRRatdind soop Alfmally idine] ohdofcholBledd FamekTRIY |

there is bprawtded veeldink] 6 passiag folcptis applirdada eldingeluctred® §4 t@pruah

capacitor elenent stack body fornmed by stacki ng?a BI urality of capacitor
I

el enent s, theaforementioned g Al dis Hmsaangdsr membge oitragdathie xéaé Ofenber
and a cat Bgrgcﬁngng%e({deflﬁétﬂgedr é%y is more pronounced as the distance of anode member

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




di vidi ng an anode body nade of a valve action netal and being forped a
~dielectric oxide filmlayer, a solid electrolyte |layer and a catﬁgggzﬁgyer
stacked on top of each other in layers in succession on a surface of said
cat hode nenber; b) an anode |ead frane connected to said anode nenber of
capacitor elenent stack body; and c)f% cat hode | ead franme having: cl) a
flat nmenber to dispose said cathode nenber of capacitor el enent stack body
t her eon, - esrthecRintepraltynwitht saith cathodrem embeB ol capacR@0&8 eménicsiackeloadyi ot @gral | y

. with said cat hode mher of capacitor el epent stack body on a . side surface
~of said cifacriare gf é’ﬂarﬁapé%% FTRE fﬁ“%“ﬂ‘?ﬁ é’kﬁégkclﬁ&fﬁsrs fecHpn dhereebr . said
connecti ng,: hei | d f b er
pver d_ antF o santctHE Binbet Bafe Meall) PRplihR G of Aty RleafBRIOPT

accor dancepwiidund deacnad adfleetpai td fitd faesenber, regrtiiagly. there is
provi ded a solid electrolytic capacitor conprising: a), a capacitor el ement
stack body for nBHagserdangekWih aasssond aspesi off theapssntonventime Abere i§ai d each

respectiv aci havi ) menber
Formed by TGREH shd eTecTRRRle S e EOuPREG. AT & SlreBlir Db S8 0er g
formed of bady dbrtledChy istacRifipd® phirbRtyl 88/ €4paciors Blehfén®, @6idr @dcht Rsparyiee and a
cat hode | ayer stacked on top of each other in layers in succession on a

surface ofapsgiter ekerivnthamingban anpde membanouel b ecsthddeamemben fersnasdby o sai d
anode nenmher..of capacjtor. el enent.stack body; d c).a. cajhode | ead frane
navi g CRVINE Gl Baon R ATEE T8 CaTife RO MGD: 319 JOE, IPTEHAoA hode
menber of eRRAN &8He HISBR:, 886K RREYLY Ia%relsbﬁ&a catHdia s P istaeRédlogapaci t or
el ement extending 1n a thickness direction’thereof, and c2 a hol di ng
menber t otdpoditkeashtdthargpdayas dh badcessiors on faamethice fof saiddcattapleanémber; &) ement

stack body, respectively. In accordapnce with third aspeci of the present
i nvent i ondl gRRdclead frame, gonpegted tgotaid; ey C@F@I%ﬁ’f PE capgsier F%@%ﬁﬁﬂﬁksi ng: a)

a capaci t g el S o Shitle 100K ake RIS hAkkhBdid Mlelidk kb Xoffhectapac tor
5 e e P UL P SRR,

el enent s, h” respective capaci enen I'ng an anode nenber

and a cat hosgalie it sdidroatitbdeymenibyi 6i RgpitoaRbdeeh atbcknbelly of aasidal ve
action netal and being forned of a dielectric oxide filmlayer, a solid

el ect r ol yswfacgpésaidvapacivgelrennt pxipadingtine klaigkuess diteptiest theegoh anditdd i n
layers i n, SUGEREShoMnd 18 G TR YpePnd SRR GBI sabd capacitor
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




an anode | ead franme connected to said anode nenber of capacitor g}u%ngws
stack body; and c) a cathode |lead frane having: cl) a flat nenber £6

di spose sai d cathode nenber of capacitor elenent stack body thereon, c2) a
first connecting nenber to connect igt egrally with said cathode nenber of
capacitor el enent stack body on a sil® surface of said capacitor el enent
extending in a thickness direction thereof, said first connecting nenber
‘bei ng f or asillelyprzen of najdtoapadiop ekiment erttsdofg inai dickinkss dinestibarthengofar ds t o
be facing each,other, and c econd, connecting negber . to connect

ht eor al LA S e Fena oD 8 oS Spant AoeTBheede  BEOBhdY on 6
June 2005 : ' ]?t?(ﬁi f said capacitor elenent extending in a

t hi cknesscal reletgrt?lglﬁl%?iée{{réeo , y(')sai d side surface being |located at a side
opposi te to sai diimmoctedamebeithod fowdpaspdodrofethenmesens tinvdntivad yherk nis

accordance with a fqourth aspect of the present |nvention, there is
provi ded Broyifadga spldsleatialytic sapssitor spmpasine: &) Rgearsviter glspsat sBFkel enent

stack  bogyyf burch BY sSLRRK NGk UEALLI S RARAR LB ElTRUay 8al d each

respective -“capac g an‘ano and a ca e nmenber

formed bycaflicitbteRghent tanhgeabadyddratenisdr shdval cathodlet inembee fadmeandy bei ng
formed of a dielectric oxide filmlayer, a solid electrolyte |ayer and a
cat hode | dividingtanc Reefleohody amdefoleactalva petion matalyend bmgsf'/ﬁrm@ésﬁoﬁ on a

anode mentisiebte SRURGIEAYEr & el iRl By n 8A o P08 \ERTREEES eha Trame
havi ng: cloh ¢ ddcRloth@TRGhydr® il kSRResFord 8h & HAfA00 d€ saldeizlfRideGheBOA )t OF

el ement stack body thereon, c2) a connecting nmenber to connect inftegrally
Wit h sai dacantdedzaddidies cofnectadatoi ot amddeneembst af kappsdyr element siadk sur f ace

of 5oL, cgRaLLar ehement covend pa,tn & L ckncgs, & ekl on Lipree  said
Copacl L pEABUELY Span Otn U B ekl Y hARb TGS o) O
fifth aspesineof intdpealpy adthrsaid utlesdel mambthef eapasitorpslementesiack Ismlyi ch a |
el ectrol ytic capacitor, conprising: a) a capacitor, elenent stack body
formed byside ééﬁg of sy raRRGitoy elgmeniFadending & éﬁh’rﬂ{@?sss@?e&“@’&éherﬁ@gpect ive
capaci tor . iR, HAY Wiy 1RSI BRAE HDsie T8 108 BRI BGEMBYF TRd DY

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




di vidi ng an anode body nade of a valve action netal, and being fﬁlpgg(gf a

dielectric oxide filmlayer, a solid electrolyte |ayer and a cat ode ?ayer
stacked on top of each other in layers in succession on a surface of said
cat hode nenber, and being provided mﬁéh a through hol e on said anode
menber; b) an anode | ead franme conneffed to said anode nenber of capaci tor
el ement stack body; and c) a cathode |ead frane connected to said cathode
menber of swigracift mid eathrdameuberks Biwtsctri¢ nxateching dmee, aisbhd zleitvolite aspect
of the present invention, there i pyovi ded .a manuf acturi ng nmethod of
S0l i d el elPHRYA FEahagadives oD (98 lseCh AR 1XATS L SV dIFEINa anode

body nadepfaifty (R4 @hi dBhBhts! o @pat ABRUher TR TRk B1%ath GRGHOIE

menber and preparing a capacitor elene by stacking on a 6 June 2005 6b
surface ofuraied of atehpeteivoealiele deadi etamads iandoxattiedd ilead | Aymes frsedi d

el ectrolyte _layer and a cat hode |.ayer on top of each other in layers in
successi ofeNtHUREKY nen 2 hepnrall pesitighs Suithy & ppedeferarned sheng Iasﬁvr%sg of each

other 1 LBRLRA SAGHRL: QRS m A h888.AL LEPRRSE 1A AOALSoSAS figaTes and

cat hode | ea rames continuously on a h a

- pr edet er ngARGIS PRAIVEE 0Pt AcHEelchRAr RDELNREMoad (bad i dth® giasacondireide menber
to said anode |lead frame; joining said cathode nmenber of capacitor el enent

to sai d cadhestre; peddommiage capacikorcelgmgot siaek badydyi steckingma ploralitngfa

it | t., st ack bod tacki lurality of i d it
c bent o, 0 CERRGIOtEEReGR A W AR B e, Pha B SrERLRE T e
anode | eaghshsARRSINBNE 1caat RS dndadiidR B me%yb?itﬁ&%ﬁgaéﬁd Reep uppatde  down

and joining sald capacitor elenents together. Wth a solid electrolytic
capaci t or down ghé jeniagpshiel @pbdtirmbments togethenode | ead frame is connected to

anode nenbers of capacgj tor el ement stack ho which ig formed b
stacking a pl urawa}fly ao?oq@;B%ﬂrP]di“ce?"’é}%ﬁ?rs Ogr{ﬂ%/cﬁgaglﬂ)?%ggﬁ)%pﬁg}tsa F’% | ayers
while a c ' : ' rally

W th cat agatited B8 1{ ReREs (2 SARIRERbEE JTTaRkqHa] AR Slack BoAf,
surface iwheheeffoxddetngstacking atpleraliby ok camsitoll ¢leskenronobptdfeackaptert or

el enment, thereby _allowing a reduction in conponent count and enhancenent
of productn lgyery while aaf@sléw%lw%me thas pEopResting rrmlpartio gorneepntegratly

Struct ur eq WOLSRURT moRiRECo A inCaeNS: TRIARE shadk Whdl QMbd ik dfrtyr face of

the cat hod& er o apaci
thereof extending 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




el ement, the distance of a cathode |ead nmay be shortened, result%
remar kabl e inprovenent in equivalent series resistance characte
Furthernore, no conductive silver paste may be di sposed between
nei ghbouring stack | ayers, thereby allow ng the thickness of the capacitor
to be reduced. Further, with the soliécelectrolytic capacitor of the
exanpl e enbodi nents, capacitor elenents, each anode nenber of which has a
t-hrough edlabilitpreed st sohkarlalda imppoeimantdh egtiivalent setiesy msistancd may haode | ead
frame is é?nnected wi th stacked capacitor elenents. Accordingly, when a
plural it y29H¢¥%ode rmenbers may be j oi ned onto the anode |ead frame via the
t hrough hol e provided on the anode nenber of each respective capacitor

el enent, a stabilised welding work nay be allowed to be conducted w thout
such pr obBerEDascrijpioasifiDrgwirigs nol ten aluminiumfoil and the |ike. Al so, an
excel | ent joining strength, enhanced 6 June 2005 6¢ reliability and a
remar kabl e i mpr ob¥pedt 15 @ stpssvegiiomel sdew eshovang sthgnsteughese BE 2 2Hdeved.
Brief Desgyiplil ] i r - i [.ew show ng the
structure&S1&§&§§F%%wﬁéﬁﬁ% r%F@%??négggggpgrgﬁ%eég%%%ﬁggéngg%odinent 1 of

- the present inveRi.oD. isFh Gersheeive oK siRMlihy Ghov ewphlialidynef kapaditopl ural ity
of capacitor elenents are disposed on an anode | ead frane and cat hode | ead

frane in elkmepisary dispaseddinnasmancge d¢ad; freme ped eathodalzad fiagre inprempiry s a
schemati c §¥r@uit ?ig ran1foE.deSﬁribing an i nprovenent of ESR
char act er FEPPELERRT @ gﬁﬁﬂ???‘@ﬂﬁ& Phent 1 of the present invention. FIG 4

I's a cross-sectippgls W @%&ﬂ%c%r&ﬂ%iﬁ%rﬁ%f&r&s&ﬁbiﬁg 28l ilpro®ingGk 0@l Yti c
capacitor in exenplary enbodinent 2 of The present invention. FIG 5 is a

per spect i E8Rwhewcthisticnig dxempharylearteidirhgntdf ofdhp podsenirinventmnenent s are

di sposed on an e lead frane and cathode |lead frame in ex | ar.
enbodi ment 2 ofalgﬁ(g Br s énfrossvesitongh Vigy sfoavmgdihic frygige BF{%S fid

Cr oss- secliongl ¥ bEWRBPI O@nipiy ThitiiHER 206f e HRIkA: invention.

FIG. 5 is a perspective view showing how a plurality of capacitor

e plte”

elements are disposed on an anode lead frame and cathode lead frame in exemplary

embodiment 2 of the present invention.




el ectrolytic capacitor in exenplary enbodi nent 3 of the present j veg%son.
FIG 7 is a perspective view show ng how a plurality of capacito nts
-are di sposed on an anode | ead frane ang¢ cathode |ead franme in ex- 5 enplary
enbodi ment 3 of the present invention. FIG 8 is a cross-sectional view

showi ng the struc e of asolid eletrol capacitor in enpl.ar
onboni dent 4 of ¢ TGS tots, AP SortfouRl Vigy EhodifE 1BS shiemet ahnt Solidy,
h h de | ead
showi ng how e dﬁ'i@l:&ﬁa)éﬂ%@ xﬁéﬁé’rﬁgfa?fr eﬁlb%ﬁﬁpéﬁt Rpe il d@%gﬁrgqﬁegqt%ano e lea

frame and cat ho frame In npl ary enbo e present
invention. FIG 1FIGs 7aispepsppetiive vidveshswing hgwtdhehatlitcdiicepaitoa sol id

el ectrolytic capacit I n exenpl ary enbodi ment of the present invention.
FIG 11 | segnﬁé’r%ﬁﬁfc&si?@“ﬂ 8028 HRKA ge%ga@t@r%& eathods lepdsisamg ijedct rol yti c

capaci tor Ieﬂl grgﬂﬂ%cﬁ %gpgqffqﬁﬁérgseg{ t‘;gﬁtlglrlesent invention. 15 FIG 12

s a perspec Vi ew Show n tructuré of a solid electrol ytic

capacitor in exemsuans mqﬂomgﬁctﬁnelf vidve sRo8se the RUEBlUronf £k8id13 is a
cross-sectional view showing the structure of a solid electrolytic
capaci tor FIecERbiHA eanpciiabbiiFnemplagy smboHimentel ehthe pregentiioventidn.G. 14 is a

per spective view ng how a Lurallt of c acito nents are
di sposed on an angz(gwpegoa PFike (%edv%eﬁ %lbod‘gmlge Ve Bﬁﬂsz & ca%ar?btloéry
enbodi ment eBaintd b Pispe&Id on BN QRbHO Neadfrinelnd SatBodd REA-BARE iRRAL View
showi ng the structure of a solid electrolytic capacitor in exenplary

- enbodilient empbiry emboshimsahd off theprdsent inveni®n.16 i s a perspective view of a
capaci tor el enent in the 25 O|Id el e troI t citor in exenplary
enpodi nent 9 of tﬁgepﬂgsbgnf" P‘?W%?f’ V€ 81w I§ gV 41?; g&rﬂ% r§p8£tai ‘i;i ew of

arl anode | gragblyaiEecpaditar 6PN ary ERH0IfAR 35 thel fheldif i rtfon.

el ectrolytic capacitor in exenplary embodi nment the present invention.

30 FIG 18 is a pElGpddtisve pirepecthvewviegy tshwan@lthe adtmcyumf of apaalid or

el enent s are st acked on, top of each ot I rs and mpunted on an anode
| ead frane® Sﬁﬁ"g’%’&a"taﬁaﬂléoﬁ ‘H"W&W 24 %@’@%F&tzﬁé‘frte@ﬁﬁﬁﬁ%%v@m the pres 6

June 3@05 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

N

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-




8 ent invention. FIG 19 is a cross-sectional view show ng hom1a€Jang(%

menber is joined to the anode |ead frane in exenplary enbodi nent 4° t he
present in- vention. 5 FIG 20A is a pgrspective view of another exanple of-
t hrough hol e provided on an anode nenber in exenplary enbodinent 9 of the
present in- _vention. FIG 20B is a perspective view of still another

exanpl e ofePEFBﬁBﬁonhole provi ded on the anode nenber in exenplary

embodi rent. 9 of UEGP16%s o Lo RlectiBHANM I shdWiffe oy bt Rl ARtamaqh! ona

vi ew showi ng the structure of a soll ' ectrolytic capacitor 1n exenplary
enbodi ment jdiGedto theaprdesiead framweit exemplaly Emba2imentd®d ptisppekemenvi ew of a
spacer joined.to a capacitor ele- nent in exenplary enbodi nent 10 of the
present i nYEREP®HN. 15 FIG 23 is a perspective view show ng the structure

of 3 soy1d el et poby bR 1S ARSLER L EXIPLA ORI Aol e

present invention. F perspective Vi ew tructure of

a solid el pedvidéd bhancapdeihahbémninesaimpiary eRBbAER M ofl theOprebéiet AL €SENT
invention. FIG 25 is a cross-sectional view showing the structure of a

solid 20 ¥PRE%-ol ytic capacitor in exenplary enbodi ment 13 of the present
I nvention. FIG 2 i .perspective vuiew of.a spacer used in.the solid
elec- trolytic cagﬁgl ?%ﬁ lgﬁl peé/%%tlgpyv%%?)fgﬁt}‘}gﬁ?g%? eﬁ@PeZ%%ﬂ}rguﬁﬁ

per spect i VRoMi grovifedadittiedncdR a3k ShbsiSRetdmplasy e@bbdim&hierbf Nd/pies-
capacitor in exenplary enbodi ment 13. 25 FI'G 26C is a perspective view of

stil| ldhot ertringprisen. used in the solid electrolytic capacitor in exenplary
enbodi nent 13. FI &ng .S a cross-sectional .view hovx4 ngt t he str C(i}ur e of a
salid el ectrolyt FEOCAhAR RGPS FELOIMpIVEY SEABERE R Strygruse Otff?es‘ﬂf bsent
sqlid reveap BTy _ j
l.Aventi on. elekirblytRSdpacRoCinOS& i ety Q‘Hﬁl)ﬁli\‘dé?ﬁ" 19 ﬁg;rés}éﬁt ftJegibir € of a
solid 30 electrolytic capacitor i n“exenplary enbodi nent 15 of the present
~invention. FIG PHGiZ2 &5 peesypective siow elvacdpaaecppmsi ton capacitontelased in
t he . . . .
‘ ment in exemplary 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-
) 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-




solid electrolytic capacitor in exenplary enbodi nent 15 of the pé?segb in 6
June 2005 9 vention. FIG 30 is a perspective view showi ng the &t14 re
of a prior art solid electrolytic capgcitor. FIG 31 is a perspective view
showi ng the structure of a prior art capacitor elenment stack unit. FIG
32 is a cross-sectional view showi ng the structure of another prior art
solid el ect/PB9%i ¢ capacitor. FIG 33 is a perspective view of a capacitor

el ement used in agGokfGL g'é&ﬁe&#e S gh&bxﬁl%t{h%'s?ffdc?ux%a&ﬁgilp&&ﬁ-ar%o FI G
34 is a perspective view show hg how a plural ity of capacitor ~€lenents are
st acked onsblig etdctdptic edgaeitor.n | ayers and nounted on an anode |ead frane
and a cathode lead frane in another prior art solid electrolytic

capaci tor. FIG 3%I{is3} ischperspedtive vigst shavies therstanstae off #privsRrt
char ac%girLggpa]cgatotrie?e%ngl{tisg%glpnel{_ prior art solid electrolytic capacitor.

FIG 3 Cross-sec vi'ew showi ng how an anode nenber is joined to

an anode | ead frameGi B23pat &8ks-BédtRimal e QhbRie afel §18hdthiCof aRGGEE OF -
Best Mdde for Carrél ng Qut the Invention 20 Next, a description is given to

vari ous exprpr artys ektradpitis capacitdte present invention with reference to
drawi ngs. Wth reigﬁcgat.o a _descrip- tion_made on objects structured in a
e

manner similar to ASthBFISPPHES XY of & EFnariier SIsmoilsusade 8By i n

comon.  25q{Hex @Rk AkYsoHIAEHERtic hpAcid@Scri ption is made on exenplary
enbodinent 1 with reference t0 FIGp | and FIG 2 mainly. Capacitor elenment

(referiled to as "El@ndhis aperspectise onsy shewarf hower plurality aficapaoier body
conposed of, foil a, valve ac- 30 tion netal, and

divided i ISRt APARGH OrAR ] Sach R BT P MORTEHPISEA fapde of
Q‘C—.ét hode mephgredfie 3ind 4 QuiRAcPad RAKENE 4 RUCHESS A Sdlid 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 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




dielectric oxide filmlayer, solid electrolyte |ayer and cat hodeﬁv}u%g 505
(none of June 2005 10 these are shown in the drawi ngs). Capacitor elenent
stack body 2 (referred to generally agqg'stack body", hereafter) is forned
by stacking a plurality of elenents 1°on top of each other in |layers and
anode | ead frane Wd,c t hpde |l ead frame 4 are 5 connected thereto. A
detai | ed dH&S? A fo in A he foregoing structure as follows: A

plurality of anodg %r?jlc&én9fsaféécﬁg§§ h216?erf§rr§a atgkgg}e?%l%%% nQhcieac

h
other in layers and then dispose pper an surfaces of
anode | eadbbdynthessaftee) peCdrinvel by sGickidgal pluraitplofr élkineyitsol omatdpoge mem 10
bers 1B of elenent /1 are stacked on top of each other in layers and then

di s- posedc#h piden indpers and dndeolpad drameck and cathatsdlead dlxame rhats 4,

ot T cat gl lieso P IR BEGR FRAISAT T EnGonte Ahdnle PP el RO C node

mem bers Jdfime:connected integrally with connecting nenber 4B via a
conduct 15 ing silver paste (not shown in the draw ngs). Connecting nenber
4B is pre- pared dylbeality mf anode membgtst 1 Aryfl deinentdvaracagkadtorofopeach

~ respective gend.,of . fl menber 4A al ong .the side surface extending in the
b okness o FEELTBR 1 Y EEpE ton GFBmEAion bt SRty bosaih S8 effRuct ur od
| s encapsub@dfllefehd fiasdibatdDAchAAl; SthiBfly1% FRIAROof Bathbd nfonyBy 2as
part of respective anode |lead frame”3 and cathode |éad frame 4 of stack
body 40 s kerpdBed tlomehe 1 aut stacksdohaoe affeaeh-othapsulagesdast dek diody 2,

Lhereby, o Loing 8 oLy g el el LalUL L ecapag Lol (1 fad ey general fy ac
ol e TR RS SOTRL ok Sl BESTT bV o0 1
cat hode | dadd firaare3 b4 las¢rewthtingd Qrotid othet dhyd atespeaiiet enthbdethdnpt er val s
gﬁogleei egd:)se?? \é\sﬁéarig_scogggtedai'g&:g?aq(l)jg %vi&e g(t))nel{ec’lciﬁgor;erglbgrng]gtvi% ali gon(‘jdiu%{)“osed on
15 - ing silver paste (not shown in the drawings). Connecting member 4B is pre- -
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).




30 the other hand, cathode nenpber 113 of elenment 1 is disposed o Jca%}%de
lead frane 4 and the side surface of cathode nenber IB is joined ¥
connecting -‘nenber 4B via a conductive silver paste (not shown in‘the

drawi ngs). 6 June 2005 11 Simlarly, ile elenents 1 are stacked on top
of -each other in layers in sue- cessio n the upper surface of the hoop at
a predeterm ned position thereof, the side surface of each respective

cat hode nerBimilatl, whileo¢lomentsol emnsiackédon top Bhack Bihetianayé&ds Thisae- st eps
are perforned.by turning the hoop upside down, 5 thereby carrying out
assenbl y W@lﬁgoggé&kpmﬁséyrfch thethpopzat 5 nredetemyingd perisionthercof] the acked

f ' ur f .the _hoqp, ivel y.
The. nanut actdss PRERE, of 3Rt Eietle R30a3RCRRES 1B it Wi IE congRbie 'Y
present i nurethben4BoTheAOSiniiRRULES: areCherEoriRd Bﬁhﬁﬁilfgttﬁ@%oéﬁllfﬂsfc&tdown,

preparing 31 |ﬁ€ capacitor elenent stack unit by stacking a plurality of
capaci t 8r SRERBRCIIYME Pwpassembly wook|n€stack body & thathh 4 if?l%i’alﬁ'z%‘f el
~each other, 1In

plurality of the capacitor elenent, stack units on top o
piles, t heﬁeﬂﬁ%ﬁkﬁi S8Uep 9§ eash 8%8“ inlayersron bash gurfacas ofdh&hoop,irespeofivelysenbl y
work is inproved due to a reduction in conponent count and also in
assenbly steps, resulting in realisation of a low. 15 cost product.

Appl yi ng a conductlibgemgiufactmripg snethod of e SEGdn suempley embadihental of y of

cat hode nepgbers 1B, each cponstituting stack.bod and the side surface
ext endi ng Rf%ef'? intapfiondogs P@H@ﬂ&ﬁgaﬁd\b%ﬁﬁmﬁq& Stgp§ aHATS PEGRIEING A
cat hodgg nggm i : ﬁ?&ﬁ | ~rone end
of- con 20 nect :it%%r%érﬁn%hetfﬁi% g'?&cﬂgf ﬁdgggmﬁggg ra%%%@gﬁ@g?ﬂ%ﬁ?@%t%e si de
sunface of topcef ¢astiotherindayds ané thersstacking agiltmadicy of thd cplacitar elemest nal

connection,, JAccarding.to the structure as_ described in above, the distance
of cat hbdeStP‘é]%ldn?lé PRd doR h‘éthsqqg?t I,p 8% Pilase HEebYhpredpeing anSEGr i es -

TN T el R Y R 10,

ones of an ideal aclitor~an as ex exce nthis
case, 't he BESRmpereat tenntsimdcds@mireassembdy sidp)resulting ¢h rentisadon batlews: As
t he scpsena&i)scgp(r:(i) u%%l.i t diagramof FIG 3 shows, applying a conductive
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




silver paste to the.side surface extending in the thickness di reﬁ}{glog (gsf
cat hode 30 nenber 1B of elenent | that constitutes each respect ¢&P%Bck
body 2 results in connecting integral Il and electrically a plurality of
elenments 1 with one another, thereby  allow ng no resistance to be produced
between 6 June 2005 12 stack layers of elenent 1. Further, a _conductive

si | ver pasftackdaygspof slementtlhcFuidhere acondusve silesrdasieisppplieddodde node

nber 1B b : i ptearal | eci b Gal Ly, wi th
another . 1 RSOkt Rheh e Afflae BRRRP Y oA B Y Bkl eo 2

wi t hout cr @aét inge@ally r@di deapeallpatiteodne fmothals khdiesy ashidvingncdifecof 6.3 V,
100 F is prepared in accordance with exenplary enbodinent 1 of the present

i nventi on &eds BER pheal iy 0é stacki osliesh2 vdgfoud cecatimgasiur egistangs| ketweehows t he
measur nt._ results {n conparison with the data on a prior art capacitor.
Al so, egerF@FE}rofhesgc%'i d electrolytic capacitor of 10 4 V, 56 Fwith a

conductive silver smpaske GRPS ed oot E?pl%&)gf‘ecﬁﬁrz{&(%?da%fcetvhﬁl ckGhprRge menber
thereof is prepared and ESR characteristics are neasured. Table 2 shows

t he measur embotlimesul tof the presmainsorion ahd tHER dhamctaristies tbemtohary pri or

art capacitor. Tae %%ﬁa(r:]]idtﬁrs %e repared in guantities ,of 30 fﬁ)r each.

15 Tabl e . PCAVEC e’ BEnUERYWS VAT deFaf P iesElS iR FORPREsPR Wi theapaci t or

10.7 2.1 ' - Qf y | . . age
GR35 n%rlo‘? arﬁéﬁiﬂah?%@é@g?%g% tartlsﬁbd‘leﬁcﬁoly-lf%&béa%%_gggy &

P
St andard Val ue Devi at’l o Art Capaci tor .4 Capaci t or
with Si®ved V, 56 uF with a conductive silver paste applied to the side surface of the

B cathode member thereof is prepared and ESR characteristics are measured.
.i_‘ﬁj

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




Paste Applied 9.1 0.6 20 By applying a conductive paste to the S%ge face
of each respec- tive cathode nenber 1B, el ectrical connections a “nF?fg oved
and further the electrical connectiorl_slghare made nore reliable as a result

of nounting on cathode |lead frane 4. e solid electrolytic capacitor of

t he present . inventjon dqes.not., 25 require a c.onfl%ctive silver paste to be
appl i ed betweehE éb%c‘ioil Peiiy e SHKES PESS AR d© FEVER KBRAH I he'e-

- conduct i ve ualdhy 8 dRASIR dIAfeREVH diP o LR 1RPREIAHor ChftrelPRiwL N ¢ he

case of the prior art soli ectrolytic capacitor, thereby ing the
di nensi on afig theediSiddsion éfhe8RQ D thk height direétiorb® bedededdwrith aarer e-
sulting reduction in_ thickness of the SEC. 5 (Exenplary Enbodi nent 2) An
SEC i n exefpitigrednsfin Hehickness ofthg PEE. to the SEC in ex- enplary

enbodi nent 1 except that the configurations of anode and cathode | ead
frames are made different fromthe ones of the SEC in exenplary em 10

bodi ment 1(Eferfipkey Faibodimest ) ven to the af orenentioned differences only
with reference to FIG 4 and FIG 5. A plurality of anode nenbers 1A of
respective el ement $E&ria examplaryl earbodopents 2 dasimdente the SE&y & sxand

di d f de, f 6.. On t t her, hand
lorarty Srtly ke st SRRy et HBe cpRBRuG g ot Fsectia CRRs
layers andighigsRames ap nidde PRt AEmbBE ¥l oTUhé FFS iRfexeaipipgechead frame

7, respectively. Each respective anode mem ber 1A is joined integrally to
anode 1@®adbédiammtd . by Haseipticsl Gi gigen Regpe afotementivacd sifferamcbeonly B ar e

connected LoRSATANY. LopEoNch e beTber 7 brovided on cat hode | ead
LA chness ot ons ATgHae Tl Mol U gl S o fgor st
part of easthckabprcop vé eecld odferfihdhyersrandrdigposell aandioderfhendf hinade 7B into
a right anpclag'fraAllngoé. on ttﬁg -oltilgrehgril ,fae rﬁ?&r%ﬁt)! of lc%\tll?clde minfbr:ars IB are
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 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.




equals to the thickness of elenent 1 stacked in height, is formed on (Llat,-
25 menber 7A at the position opposite to anode menber | A The SECYHHEE
structured according to exenplary enbqgdi nent 2 of the present invention
denonstrates the advantages simlar to the ones of the SEC in exenplary
enbodi rrenté]}. ly difference. fromthe SEC in exem plary enbodinment 1 is
i n a chang&t¥FP @’g&qo@i“@ﬁﬁt@f anode | ead frane 6 and 30 cathode | ead

trame 7 that al o0 AICKHE ﬂlsex‘f%iﬁe@t’é%'enitb%iﬂl% is Sthfiaf™¢ thd 'SP in Rl 1ty of

design is well within the e eness o e present invention. 6 June
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: ] thodi _ q b . . h
at or emeht | SR 1Y Banc D b y7dhePRoRensd abirehst 'l 1 efriics o
Cat hode | egtlGf 6 ap® F8Ghas connecting nenber 8A and hol ding nenber 8B that

are formed by bending part of cathode |lead frane 8, respec- tively. 10
Connecti ng menber C8thods lesdafratheol bemcknboding mgmbére 84 dqadopoldpasite to

anode menber 1A.  Each respective cathode nenber, 1 f element 11is
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tendi ng ingygg. thickness direction of element 1 via conductive silver paste
9. Holding ménber 8B holds stack body 2 on the upper and bottom surfaces

15 t hdileof . The SEGnsdmimgsmembienBddisaboatad oy stawkebalypl et ythersbdedopent 3 of

the present i.nventiqn denpnsirates the performance cl gser_to that of an
i deal  capBRittede Wﬁﬁ I?%ng‘ffei‘%oﬁﬁ%éhéésliﬁmtvﬁé;a ¢ memberh Bt elemsBli nent 1

of/ the pregerhnhQYENtA@BrAlEF coitfecBingt kacshhadeideagiic prde the
short est 28 posrsdll%bl e. Angléa%lg]of c%ﬁ}%c\/, gllggﬁge?s prepar e1 ﬂlen quan?igti es of
30 accor di tegdirgoinethe rthicknyssedivedioreof eldnriht theapoadaotive sitestt paste And ESR
~ characteristics } thereof are neasured. Tabl e 3 shows the neasurenent
results i nHe mergber 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- -




with the data on a prior art capacitor. 25 Table 3 Average St andg\\[uglez (%I ue
(nQ Deviation(m(err)) Prior Art Capacitor 10.7 2.1 Capacitor ©
Exenpl ary Enbodiment 3 6.9 0.4 (Exenglgary Enbodi nent 4) An SEC in
exenpl ary enbodinment 4 is simlar to the SECin ex 6 June 2005 15 enplary

enbodi nent 2 except, t hat e configuration of cathgde. |lead frame i.s nade
i frerent PRE bRt dirrcSpchihis ot ot arnart ond Reme s
scription ksqgldifferdd? tgé%ﬁéflﬁ%b@i&diﬁgbﬁéﬁbﬁd} enfidim@ht 8. £igeL ence to
FIG 8 and FIG 9. 5 Cathode [ea rame 1 as conhnecting menbers 10A and
10B and hedriptoen neghemn 10¢h¢ hddrearcatiboedeidffoyedee nahilpgwithrtefatnaatdhode | ead

frame 10, E@Sé)ectivel \é Connecting nmenber 10A is |ocated on stack body 2
at the sidE P aﬁeélef}e t o anode nenber | A. Each respective cathode nenber

1B of ajenment  10chl icRRRGEhSH 10N SUAEYiLE FAROSS I TR oPA 0N the

i
side surface ex tending i ness direction of ‘el ement Vi a

conduct i vehsidiye ndpdtsdrel (L th4Pane g6irhal biyeadingl PEticf dklaakdehetiveesn st ack
| ayers of stack body 2 for connection. Holding nenber 10C hol ds stack body
2 on the uppeiesperdiedy-- tom surfaces thereof. 15 The SEC thus structured

according to exenplary enbodi nent of, th resept, i.nventjon.denpnstrates
enhanced reli abi | O THIES MTBLET d A loeaiS ML SRAR e NS LB areT 6 1 s~ o
pl aced bet pegtt ot Afdel AYRbEr PA. KADKBPNIE cHBEICRARARRE 1Bl Slep@di tion to
denonstrating the advantages realised in exem plary enbodi nent 3 of the

preser i n¥éncoomectad iftEgmilyl tor gorBebtug meethb&) 10A on the side surface ex-

\ tending in the thickness direction of element 1 via conductive silver paste 9.
" Connecting member 10B is placed between stack layers of stack body 2 for
connection. Holding member 10C holds stack body 2 on the upper and bot-
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-




An SEC in exenplary enbodinent 5is simlar to the SEC in ex- enghggﬁ
enbodi nent 2 except that the configuration of cathode |ead frame'is %%he
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surface exthégldieagdiracti¢reof eleisdntdss direction of elenent 1. In other words,
in FIG 5 as used in,descri.bing e.,SEC in exem .plary eghpodi nent 2 of the
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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-




20 (Exenplary Enbodinent 6) An SEC in exenplary enbodinent 6 is gipkbdds to
the SEC in ex- enplary enbodi nent 5 except that the configuration of

cathode lead frane is nade different ffomthe one of the SEC in exenplary
~enbodi nent 5. A de 25 scription is given to the aforenentioned difference

onl ithr t I : | nds of
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Connecting member 12A forned by bending part of the aforenentioned flat
menber up\/\/éillliicut)%@fﬁmefﬁél ng |l ocated at the side oppo 6 June 2005 17 site

to anode nenber C CL 1 nt cat,hode
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as nmeans for. deter- m.ni n&e el%IBoé hbon of stack body 2. The SEC t hus

st ruct ur ed "HEEE U AP XetBtaPY e bodi ment 6 of the present invention
denonstrates i npr qyekESRENHAGLRL §$do§§1nl§%aék%?npl ERBOSHHG BPI LS. of
cat hode nenber 113 are increased in nunb i n comparison wth the SEC in

exenpl ary ém)gmsnnhm@emi‘ont ﬂanpnﬂsaim 1m1wemd &SR &ﬂldratclnmstﬁsi bdcanse

i nvol V,f(g wi th cat hode ne E decl j ne (Exenpl a EITbOdI ment 7) 15 An
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(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-




FIG 12. 20 Connecting nenber 13A provided on cathode |ead frane J’L3 | 5
made | ong enough to cover the entire side surface of cathode rrenéoé’rne?@ of
stack body 2 for connection. The SEC tlus structured according to exenplary
enbodi nent 7 of the present invention denonstrates inproved ESR
characteristics because 25 conpecti n% pﬁi nts of cathode_ nenber IF are

ited %

further i nBPEEREY 3. n A deEIPOR BosiyaR ite dhe wipnemantioned differspert e

enbodi nent 0 e tq4 tion and the resistance invol ved w th
cat hode rre‘rﬁt;tehrlfe{él%ﬁ%ﬁgé ?ﬁg'sl?f gfr{(f gr}'. M)'(Exerrpl ary Enbodi nent 8) 30 An SEC in

exenpl ary embodi neathollel Eadi frular 14 ak r&ECindy 6K -stwapirall yepniiadagrent 2
except that the configurations of anode and cathode |ead franes are nade
di fferent fellaWwshe ones of the SEC in exenplary em 6 June 2005 18 bodi ment

2. A description | ven tq t aforenentigned differenc oRl with

refere%sbe to FIG his.lsg‘:l&?itdmﬁf’%er ?gA’ Bﬁt‘ﬁ%‘a cfng’r’? CipY erlgﬂr?g\;ﬁ?%r%%dyki nds of

structural follows: 5 8-1. Fl at nenber 14A, on whi ch cat hode
0% bs&b

menber 1B of stack body 2 is disposed. 8-2. Connecting nmenber 14B forned
by bending part of-Z.|Ganneeting mesmiierAl 4B fermekd bhdepding hret nf) flabozered at t he

- side opposjte o anod nber. .1 A of stack bo 2, to connect integrally
W th onfhobt” HAmENaIE GF Terbheing 4ot Aother e abheie CATOdEmERbERG: g i n
‘the thickn ' | f ts = 3 ' Ldj rs 14C
formed by barh ReboPRy dade o kel St e Bt do

cat hod® nebhtdy 2 loB thé sideaniefadecntyeritlingim thecthidkiness Haackjiomof elvatat llead frane

connect anode. morber 4 Rsof GHAUE BEMpeE A3 lguneH iRy PR DEICoRSS gui de
‘arode Menbef c&lﬁle%ftinﬁt Atkbel ol %pward to guide cathode member 1B of stack
body 2. '
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
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The SEC thus structured according to exenplary enbodi nent 8 .of %Jhe 26@sent
i nventi on denmonstrates enhanced stack accuracy because of the 200§ f
gui ding menbers 14C and 15C in additigmpto the simlar advantages
denonstrated in exenplary enbodi nent 2 of the present invention. Although

t he advant ages descrjibed in above are denonstrated j.ust. .by having any one
o cat hode HEEART SHB03H 1afer ARt SRR aRettEsTGPHRED) HLAFusr T

gui ding ne % A r; V. t t hode and 25 anode |ead
frames pr o%ggar’vfnhltﬂh@thﬂ{e&égg?d?g%ﬂﬂn%%e%@égﬁ&gﬁa?% Enbodi ment 9) In FIG
15 to FIG 19, el &aneSECLT kasmphaysembadimait hiofahedaebardyinventden af

alumniumfoil 17A, in which alumniumis a valve action netal, 30
deposi t ed dhrpefuggeretallows:oxide filmlayer 17B and then divided into anode

cur ace of oat hode. TerBR ey 8F atfdl L0/ Bhodt BB o8 1% 6

June 2005 tdPof aye othied if dd@slen! Byt ruppephid HRttogheWTaddd dihgnodiedehdgs) 1N
succession. Further, through hole 21 is fornmed in anode nenber 19. An SEC

i n exenpl affpmendd@ndehplwabty eheathodsanempense?l iodrel¢mentsl 7 gee gtaskeds
follows: 5 9-1..A plurality of .anode nmenpers 19 of el ng 17 e stacked
“on top of SlggiﬂlyopﬁeIFOtﬁnu p%ﬁgpga%%g%t%%S%P%a gwé%t ﬁ%ﬁ\%ﬁ?’f’a@resrebf anode
lead frangpe2divend a plurality of cathode nenbers 20 of elenment 17 are

stacked simlarl’'y on both upper and bottom surfaces of cathode |ead frame
23, redO spectivel §-2. RespettiviRespée mambenode ane pieed in@gmally toianede

integrally,t nod | ead fr 2.yia thrqugh hole 21 provjded on anode
menber 10"l BERE 22 sficenidiRal 28 Bovied B rors el hERIERS: 20 ar e
Egﬁnnect ed {'a%gg\yeﬂi(lg%.to connecting nmenber 23A provided on cathode | ead

frame 23 on the si sur- 15 face extending in the thickness direction of
el ement 17 via a g2éndRedpevivsichthoder mpadices 2008res honwected tiftegrhlbwiangs) .

connecting member 23A provided on cathode lead frame 23 on the side sur-
15 . 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
o 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.




Connecting nmenber 23A is fornmed by bending part of a flat nem bggl o% 0

cat hode |l ead frame 23 upward. A stack body thus structured is en ‘}5‘5 Pa?t ed
by insul ating pack- 20 aging resin 24@9 as to have part of each respective
anode lead frane 22 and cathode |lead frame 23 exposed to the outer surface

of packagi ng resin 24. node | ead frane 22 and, cat hode | gad, {.rame 23
exposed from packgtjian@es &0, 03, g?eewﬁélfﬂblﬁfyoﬁﬁd f‘ﬁéa%égm aﬁgve% 88 &fown in
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by neans obeiedicepupetely {renybsigeaeleasedbauiside. At this tine, nolten

al um nigum foi |l 17Ap en: NS tdr.o I j NC. | um ni um
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wi t hout di ef etérhémx DXigdetdp oM dagh edthdy Bn 16 P84Er dnd0 ESRE chatat ®eR%ict hee eof .

Therefore, the resistance welding is allowed to be perforned with
except i onameagaiedandablel #ayfiows the eengnenmydsesplts Ay comuagizon, wWiltaonl y t he

wor kabi ity .and rgkiabi i f welding are,, stabili t. al no

bocur rencelial o FEGE it SEC s Proral nl e Y 113 i b IRsE8nd  he
- like are obsieipean® 47CEE TR daphcitdred MM fahhtidds of SORIBh, VERSE @skagonpl et el y
frombeing released outside. 5 The SEC i n exenpl ary enbodinment 9 is
preparléd byremend ks pondusted underghe wenditivhsof 100pkids aedi2fi 6t her in | ayers and
ESR characteristics are neasured. Table 4 shows the neasurenent results in
conmparison with a prior art SEC. The SEC is prepared with the ratings of
6J3 Vin withstand voltage and 47 Frdpfe gapaci tance and in quantities of 30

each. The meas= 10 UreTBRLbs COMPRRLELATdeT 1A Nt or 100 kHz and
20 C. Tablle 4 Average Xi ﬁ%‘ ar%“@‘a‘irrH gﬁ’dvt 2) Val ue
20.C.  Tale ¢ aver age MANISAT Sl 21 Yl L (Bl

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




SEC in Exenplary 11.5 9.3 13.2 0.78 Enbodinent 9 As Table 4 cl eéjrlggﬁtgows,
the SEC in exenpl ary enbodinent 9 has 15 a small variation and & 0
average value in ESR characteristics. okhis fact indicates that the wel ding
bet ween anode nenber 19 and anode Ieag franme 22 is perfornmed in an
extrenely excell ent. manner and also with stahilify. FIG 20A and FIG 20B
show di f f ePROfte BIERMISTES ©f d8SAFBHER Hopiyen 29 BB SR 10, 1 1

t hese exangmitﬁggfegé ol thYe1ef. 2§ Jrfik e 220 through hol es 21A are provided

on anode ne and el ongated circul'ar through hole 21B is provided on
anode nenber 19, Sheaseeldp iexpandd g huhe almsstahokamelsiltengs artoeief mgmbat | ons of
t hese through holes are to be determ ned appropriately in accordance with
the shape, lRiofetemenis! Aaad dpmed tReangdeanember AR hyeresisancesweldingyia y

Enbodi nent i e e ' i mlak SEC in
ox ey ar RERb B ot P ISETR kafIRRRATE, 1B <ifudbientin blutdfe
respect i veidmddego 20A% cahbBREBi IBERELHH spaded @6CNdPid IR hEmBEY €0 df0 t he
af orenentioned difference only with reference to FIG 21 and FIG 22.

Spacer 26 tes weldiredalmoshgqualaltedbe thinknewmd withedeamentiw@Onehelement 9 of

| t 17.and, j oi t d 9 b i st, | i ia 5
Through ol & 2 Rudlituel Hitaisdd: derbaprmie! bioli PR agantme M attfceure i s
made SO t hafenfhes AMiaRedidcRbE lRCRD Of 8RRGRIcrAf RYEr-2HP PRNBIHBEsLOf af - ter

wel di ng al nost equals to the thickness of cathodé nenber 20 of el enent 17.
A pl urld i t sespéctotecanadiededd fraemc2? find nethody l¢al framg Zhatbe sk efocathode

g?fziégégt oo AeisdoreneY 22 st ngbe e A46H °: %ftﬂ%ﬁéi%féifi f
CPLn, oo RSP ok s BlpmEopdysifes kisdectiailon. |
wel di ng. ‘ The SEC structured as in exemplary embodiment 10 has anode lead
frame 22 and anode member 19 joined together via spacer 26 made of a
15 . metal with no coating film applied to the surface thereof when anode mem- .
ber 19 stacked with a plurality of elements 17 on top of each other 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-




The SEC structured as in exenplary enbodi nent 10 has anode | ead rnagﬁ 32
and anode nenber ‘19 joined together via spacer 26 made of a 15 5 Q/\nth
no coating filmapplied to the surfaceyg hereof when anode nmem ber 19 _

stacked with a plurality of elenents 17 on top of each other in layers is

joined to 4 Ry _resi stance L di ngy,. th by.facilitating
Lne wel di n anent B8 1 TRantolte A8 B ARG RERGT e o HAER 0 o2ffpee

resi st ance ofwht didaguicd SBOLEFIGIRNE dndeN qanadees "SR SEQ'si srepilededr di rectly
and -es 20 pecially when this welding process is repeated. The adoption of
spacer 26, thtgweskemept ateedl fortdsehcont ani nation from occurring, thereby
allowing the productivity of welding work to be inproved. Spacer 26 al so
acts as a height adjusting neans for anode nmenber 19 and, when spacer 26
is dispgsed on anode nenber 19 of elpgmpts 17, the 25 thickness at the side

of anode nEfnber 19 Deconmeb; & t—e | the =t K TTE'S f—cathode nmenber
20. As a nesult, anode ne ?rt&%; is H?Setg(gé;t ed Sk %S{a%ent and

rom gettin
depressed|for breakage. Th ar‘%eg%re A ck crj‘gglegru ti %ggersar,e caused on
the dieleg¢tric oxide film “a%/ rmllnar Ijénmf e |§ 1! E’ég)gf %@:‘:}Telrrber 19,
t hereby al PPE D¢ an SEC W TIT @ fow “eaKggg CUNTEM {0 DF P 457 50 uucecrjmvmd_th
rent. 10 of SEREGRIERT thentjgn ar £ reqsyred [and Jabi o|5 shaue (e meas 6
June 2005L=22 ?..'({ﬁ\,m., resiyl th: n hnvpar' nwit.h A II‘i of artl EC__The
w t hstand voltage of the neasured SEC s is 6.3 V and the quantities of the
SEC s prepared for the measurenent are 30 for each. 5 Table 5 3 Stack 4
Stiack 5 Stack 6 SAaclkabld dydem]y slyews thaR@CSin eysaniplary ebaddithent (éf 2 mi n)

(AA 2 i A2 min) Prior Art 128 329 901 1210 SEC in_Exenpl ar
(Eﬁ‘ﬁgdi ?emt n rggequ%g@éoq_ggows not only anode lead frame 22 and anocrlrfrz) men){-

rre

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

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



\ } As Table 5 clearly shows, the SEC in exenplary enbodi nent loﬁgf 2@@;
present invention allows not only anode | ead frame 22 and anode WEHF r 19
to join to each other strongly but alggallows a structure for mnims 10

ing the.stress inposed on anode nenber 19 to be realised, thereby achieving

a great reQ%h%ﬁmgﬁﬂ%ﬁmggé§Hr35‘395§nenﬁ§értf;9c“' arly, when the nunber of

stack |ayers I NCr ease e af orenenti oned advantage is

more proninent Wthe $ESUhtk RErusHREd ¢6 Bxethliry eakadiedrrentigwt Qhe t he SEC.
This advantage is valuable for an SEC, in which capacitance is increased

LA

by in- 15 ®paidonmge Heclsoeperllofgamshobresr dletreie pesfermed prbeisslyacked.
(Exenpl ary diment .11 Ci,n exempl ar odi t 11 is simlar to
the Stc | nUTRE bRdleiahn S aR Bty PR T Finkes A WP hg dYoski ot of 1 he
spacer &i Spasest wifh BRI¥ERIeiRIAPRHLURYHROMIINBARS! SplGking 8! fMian-
adj ustment is changed. A description is given to the aforénmentioned
di f f er encetages pimilahta dkemen de ekemplarGentl®difbepr B&si on 27A provi ded on
spacer 27 is structured so as to be neshed with the end part of anode
menber 19 of elenent 17, the end part 25 being forned |ike a projection.
Wth the SHExdRnB¥XE BRI iment 11 of the present invention, anode
“menber 19 ?{edlil%rref\t 17 ?Iggl?él)@l n depression 27A and spacer 27 is joined
to anode nmenber 1AnbyE€daistcandarywehtodignarita 26isJainglaz@05he ZECQ I exgh hol e
21 pravj ded oP anode d{irerrber 19. The SEC thus structured in exenplary
enbodittent emplagy jcgipodiment K6 exesnd thalythercontigvsafion of theasnaser ippessd 27 to be
per f or med j i . N reliabildty through
t Be wel di n‘é‘gtﬁ‘.@fﬁe%%?e@?ﬁéﬁ@é ’gmé’?’ﬁg%oﬁ’g‘ & r?‘c‘?r?é‘gsaeéugr}}er&p56|§|"%@?éﬁdn Addi ti on
tg expl oi t dexgriphiendd wiven tagrsaforéthbitionsd differen@sonly Withefatycerodi ment
10. (Exemplary Enbodi nent 12) An SEC in exenplary enbodinment 12 is simlar
to the SE@]Q’} - 10 enpl ary enbodi nent 10 except that the configuration of
e opacer  SP0oRincch IR RCPrJIERE St Bel SIS "DEL FohRba by R8N

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




description is given to the aforenentioned difference only with ggf e?@%ce
to FIG 24. Spacer 28 is provided with bent sections 28A forned Li? di ng
15 back each of both end parts of spacet 28 excepting the area where spacer
28 and anode nenber 19 are brought into contact with each other, thereby

for- nmul at k0g1G. ﬁﬁgﬂ?%m@%gg‘f“ﬂﬁoﬁww-%@f bent section 28A. Between bent

sec- tions 28At or ne t1ons opposing to each other is disposed

the end part of amdle.asrder FIO. 36apeshder ROAAhLY Birecili Bble Thamt theacer 28
is 20 joined to anode nenber 19 by resistance wel ding via through hole 21
pro- vi-dedPBfitigRd@ErssaRding 1o thepesision ¢inthasegipheley? leptsdderban anpdef t he

resent in i a sim, ar to t nes in.ex | ar
B bodt ment RS o8P leRRNR 177 HoRailis oA bl okt B nt i SHERR Botfe i one
28A, W chlaudefrie madatahe Q@H&sﬁ&ﬂiin%%o@ﬁf&ﬁ a®o. SRB&SH Ky PWhBRIaNguf ol ded
back, respectlveleiéméExerrpl ary Enbodi nent 13) An SEC i n exenpl ary

enbodi ment ralgyiod ntarl 7taye tskas kSE O toperf-caghpitheryindapardiomeamtodedeak cept

that the cgnstructjon qof ,the acer. di.sposed 30 between respective anode
nmenbers fo raglehg?’gjmro%@} E}QP‘?‘?B‘?\ péﬂ‘é‘dﬁﬂép%?smﬁt"éef angy %Pﬁé"tbeéﬁvaegeﬂn he anode
member andiirga R BOAdidcRIE Ak aNaERgh hofy d8RRAIGDINBNeh upidEn Lo the

af orenenti oned differences only wth referénce 6 June 4to FIG 25
and FI G 2e¢mpomenghartsl @nB@ing rthel @ck2bodpd Rivat Picds ispateel i e has

t hrou hol.e 3 he .posjtiaq orresponding to the position of through
hol e %?) pr @?B@ﬁ\hgﬁ? %ﬁ%‘&@ asrfL‘?ﬁﬁ%Be‘ign 650%@ éng gfode mepphaivi fed agoder ough
hol e is preuidedy - 91l pondi ition,
al.so. Accofré\é?ngl yga%hadgﬁggmgfiuﬁﬁgglta??%%zbe}? g‘r‘rr%%fta gcr%gt?rslé 2[ ac ggggn top of

‘edch ot heramples ayfespmcen 28A0dan lbeaconsidane sdgh spheawols hnlcess 29Bpamyi ded on
nbers 19 and ~through hol es 30A together forma through

respective ode |, Y
hol e runni%@ﬂ’ﬁ?‘ﬁggchwém thropeh holep 3ABMnd30 ¢ sresperdivelit i ng t he stack body.
Rivet 31 is inser ' 0] I . esGHi i n above
“and anede member %g&gg@gtaﬁgté% sthlU I LR ngr%goéés, a%o%% legf (ilrame
15 22 and anode member 19 are not only joined together strongly but also the .
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




| ead frame 22 are joined-wth each other by swaging rivet 31. As E}nQE £X-
.anpl es of spacer 29A can be considered such spacers as spacers 2@ and0 29C
provi ded with through holes 30B and 3@ respectively. According to the

structure as described in above, anode |ead frane 15 22 and anode nenber

19 are not h0i N 4 L 1-01 ni rogess can
be perforne V\?/ '[QJ%E)L?'[ &ggﬁé}g%gﬂﬁa Z%’{]ngéwng%ﬁ:agféaak@?(aag]?%%%ﬁk%g&}ﬁ%gg

per f or mancehmuoghhhelbs \2Ir erdvbib® cBEEedpsctivel @nadai halberswilbhar@l tlsiowphe
producti on s?tup an roducti on nethod. 20 (Exenplary Enbodi nent 14) An SEC
in exenpl atplesnpididech on respectiienspasers @98ne Gsmductivesilveniagiey32riBodi nent

“anode 1 ead TR e TR fehbing® HefRel B UCADs @R PErlER S B dhent | onec

~change ®nl ydeinidimbal B et enddx feb@fradfe 22%0 b@jbiﬁ%d%g{:ﬂh@i way as in
exenpl ary enbodi nent 13, spacer 29A for a height adjustnent is provided

with a through holAecardingly, pheiadivaniager similaptonthiengnesoraafised g elieime 21
provi ded on;anaod nbe 9 of elenment 17. ,._anot her throu hole is
P ovi ded oRRatbaRant 155t bs SIS Bl iSRG DR miEissh arAOREY 1 hr ough
hol e 21 pr eibdeEn&st. anode nenber 19 of ele- 30 ment 17. In the simlar way

as i n exenplary enbodi nent 13, when a plural- ity of elenents 17 are
stacked on top of each other in |ayers on anode |lead 6 June 2005 25 frane

22, a roygh hale s . farnmed jn such a way as running through all through
hol es fﬁ pr%ﬁ Db HIbe E’t“il/g anode menbers 19 and through hol es

provi ded on respegt. : @iq‘l@ltti - Sl: r A4S, filled
in the conbined sigtr?g %Ctsl ?%%g : Iemtgﬁus orlxl(iél \{gagetgaﬁgﬁ%{g\jl%gxan- 5 ode
renber 19 emdlaapedsbddiadnt tGercai? that the method dftjc@gehihbetwadaabe dnbdt y, the
advantages similar to the ones realised in exem plary enbodi nent 13 can be
achi eved \/\PFH‘E“F}@“@E%G pROde deadk Eramsiis chanptdir v\ desastitioneist given to thenpl ary

- Enbodi ment ,ddmentioned 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.




An SEC in exenplary enbodinent 15 is simlar to the SEC in .ex- enPIar .
enbodi nent 10 except that the nmethod of joining between the anod@‘mﬁéﬁﬁbr
and the anode |lead frame is changed. A description is given to the

af orenenti oned change only with referqu to FIG 28 and FIG 29. 15 A

t hrough hole is provided in advance on gacer 33 and anode nenber 19,
respectively. The positions of respective through holes are aligned with
each other and the through hol es are (G3waBd8 t ogether fromthe side of
spacer 33 towards anode nenber 19 to join both together. FIG 29 shows the
swaged part 34. A plurality of the joined bodies, each forned as 20

described in above, A ab@idededadlPtict pHEiteRCdb@bPRIinkn piles and
integrally joined together by | aser wel di nq? and the I'jke. } Accordingly,

the advant ages sifti Rafapacities elmensasiad hededonmes 2y stapbineent 13
can be aghi 1443 Mot ?Epﬁrﬁgﬁgﬂegﬁgﬁgﬁseﬂid%%ﬂ!ié‘é r?cr%}g@@ddamitogign

- exenpl ary eﬁgo I'MENt's escription rily~ given
met hods of ekdnentcdhaeizigshanancds memloat hodk astaihole crpabier diorned @ ment

stack body.. I n.exenplary enbadi ts 9 throygh 15 a descripti i
primarily gﬁ’%eﬂ“f‘?ﬂﬁtﬁ%‘d?“@%%r ge&@é'l _aaﬂsf’gt%n@vﬁt atcﬁ’émarfgﬁtggiadé&pf ca-
paci tor el eppiilg Tbamle 008 dP¥CAY Dikide (1881454 10l s ol RD R OSYrol1 eI Va 30
| ent series resistance characteristics closest to the ones of the nobst

| deal ca- phieTonndr & cathevledlaxphete@ed ani top gfipechoUderdg bavers 1. A
5011 0 ChECHOLULLE: SRR26R £uSPIDE oM At FEARGILEL; © oot ot ack body

formed by sta l'ura capaci tor elenents, said each
respective capach? oan mhedeteallaframeanoaneddedeirbenidnanaede ankotlenenber

foinmed by df;j%’i digﬁ an lanodet b?d?\(k%a Jof 8 val ve action netal and being
formed of LWFRRREAPES G U FIEHY IPRFer 8 %%so0lid electrolyte layer and a
cathode | ayer stgarlgedatliod®eall fRagke Madmg:n | ayers 10 in succession on a
surface of 'said cat hode nmenher; . .
¢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 extending 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 .




b) --an anode | ead frame connected to said anode nenber of capaci%? 5 enment
stack body; and e) a cathode |ead frame having: cl) a flat nenbe? "8 :
di spose sai d cat hode nenber 16 of capacitor elenment stack body thereon,
and c2) a connecting nmenber to connect integrally with said cathode nenber
of capacitor element stack body on a SAe surface of said capaci tor
el ement extending in a thickness direction thereof, said connecting nenber
20 being fofigecl¥sPRAbAT LR ILFEID L Afaidad b dd migaBer; upvvard and
downward with respect to said flat nmenber, respectively. 2. Asolid
electrol ytic capddi adranedpriesiddrame gpnacgheddio spid| Miil? weamRkeHody
formed by s ' I C r el ement's, said each respective
capaci tor éfgﬁgﬁgl avg%H£§%£§¥%§%lﬁgﬁﬁeéﬁgnd a cat hode nmember formed by
di vi di ng an anod@)hﬂdgthﬁdeleﬁdd&mm&wémauthn nmetal and belng forned of a
di el ectric oxide fiIn1Ify a sol.id el ec roI te 30 | aye hode

e

layer stfcked on top otleactPiRrering mesmbex t ?J'U?‘i'ée%g “W -?i § essi on
on .a surface of s3jid @a%mfa@emm@f ofHa ik 861 de 3t He?d@b%ﬁ&n@ﬁt&d to

sai d anode nenber of ca itor el ement "'stack body; and - c¢) a cathode | ead
frame having: 5 @tu)leasuogamctqfnganﬁnbspamtoofomiemelmwem ipgniimh a sai d
cat hode nenber @1? étgruee‘l&ggr}'t e@%&gkaggdy on a side surface of said
capacitor el errent fess direction thereof, and c2) a .

hol di ng menber to hol obﬁbotah hpbhn@nﬂ;enmebotbom&drfmes uppeai eéonabpaci t or
el errent Et ack bog ttoxaesge%;éé/selgf said capacitor element stack body,
Y respectively.
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




3. The solid electrolytic capaci.tor according to claim2, .whereij \Eﬁ"aa | east
part of said cathode [€ad frane is 15 disposed between stack Ia§/ & 20
cat hode nenber of said capacitor elenment stack body. 4. The solid
el ectrolytic capacitor according to claim?2, wherein said connecting
menber connects integrally with 20 sai#B cat hode nenber of capaci tor
el enrent stack body on a side surface of said capacitor elenent extending in
a thicknessiagliy galdl @redthy@Olapdd sk 26RE €brAtop off dRc RS tn Taysss d anode
menber of capacitor elenent stack body. 25 5. A solid electrolytic
capaci tor cbmpricseagion an a sodace wdrsaddegihods mambsdy forned by stacking
a plurality of paci t qr .el ai e sV ' el enent
havi ng an anode fkgnﬁgragﬁgea&(r%?%%ﬁeng%%%% %@n@"g%ggl} %Pglﬁg?ﬁ%tlgﬁegnodé
body made obf @ayakitvragleimentataktkaiedB3Oah@i ng forned of a dielectric oxide
filmlayer, a solid electrol ytﬁ? June 2005, 28 layer and a cathode | ayer
stacked 8n top of®eénchtBefialead frame HaYined ccession on a surface of said
cat hode nmenber; b) an apode gl fach {HHRE ﬁPQﬁEﬁBSE’ §0Sehdhanedmsmpber  of
capacitor elenment stack body; and 5 c) a cathode |ead frame having: cl) a
flat member to diefpeyactor edameades trnkbboedydfhay®oaci t or el enent stack body
thereon, c2) a first cgpnecking nenber.to connect . .inte | aid
_-cat hode nenber of capa?c‘,gi}t 3rh§Fgr?€ﬁ'tne§ttb%§ miﬁﬁbeo%f/oocﬁ%{%édgn%e:%rtfaglég of
sai d capacitor elparhntzaddt @adhodei mmembleirclofesapdicitmt | elezhbateofaclsai d
first nnecti.n nber being forned, by bepding.two oppgsite , ends of said
flat metBer upvvag’a Yt 0%Be Raci*§ eﬁEFf”c%"he?? sé'ﬂﬁ caphéitor 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

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




15 ¢3) a second connecting nenber to connect integrally w-th sa%ﬂmc é de
menber of capacitor el enent stack body on a side surface of sai cgg I tor
el ement extending in a thickness direction thereof, said side surface
being |l ocated at a side opposite to said anode 20 nenber of capacitor

el ement stack body. 6. The solid electﬂﬁ?ytic capacitor according to claim

5, further_ conprising a pair_of guidi ng menbers formed, by bengi ng.two
opposi te enlE Bivising esnmaradadadsnirade ooy derlves achiop Bkt nber of
capacitor e t odys: . . ] C t] ' rising
a) a capaci gﬁ%lfg?re%%g?a%I?lgg%&f%?’%ggb@@t g%’ﬁlyﬁgé ;soqgﬁegg}ﬁonggp
capaci tor elasyantnd saiatlaabhlapspatacked capioptof ead8h @lloeit lagerag an

anode nmenber and a cat hode nmenher fqrned 6 June 2005, 29 by dividing an
anode body %&é‘%?%‘%!"ﬁ‘eaa‘sd’tqit%ﬁﬁer?g{%f’r‘%a%lgh%‘g? MeRdefed of a dielectric
oxi de fikmlayer p)aanohhdde! BCdd Frihfe coA¥Retaddtd LAAhade dearRimbiacked on
top of each other in layers in succession on a surface of said cathode

nenber; 5 b¥f gapastiir ekement stackdnedyt 28dt o sai d anode nenber of
capacitor el eman.tc)S:I_%%hgﬁgyl;ea?lﬂ%&éﬁﬁéhn%ﬁ%téwde | ead frame having: cl) a

flat nenber to di'sposeé sard ca er © of capacitor elenment stack body
t hereon, 10 c2) a connet) iandlaeiibehbed tonrliepbsenéeint @elthodet mershe s

cat hode nenber of fcapaci,tor ?I emaq:'{ St CE .Bod on a- side surface of said -
capaci tor el enenCiSARAIFPY elpmen ‘Fl'i”c“i‘n eYHIEHI N thereof, said side

surfacegpeing | ocated,gy a%&hﬂ@cﬁﬂ%‘)ﬂeﬁﬂbéﬂ t99E6n ABLE S nIBEPEN yORitH S
capacitor elenent stack body, and c8) a pair of guiding nenbers to guide
Saj' d cat hode said cathode member of capacitor element stack body on &
side surface of said capacitor element extending in =a
thickness direction thereof, said side surface being
located at a side opposite te said 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




menber of capacitor elenment stack body. 8 A solid electrolytic g agb&pr
conprising; 20 a) a capacitor elenent stack body formed by stack ﬁ‘ge
plurality of capacitor elements, said each respective capacitor el enment
- havi ng an anode nenber and a cat hode nenber formed by dividing an anode
body nade of a valve action netal, andfﬂbeing formed of a dielectric oxide
filmlayer, a solid electrolyte 25 | ayer and a cathode | ayer stacked on top
of each ot hef capatidpereadenentatael dioghy.on a surface of said cathode nenber,
and being provided with a through hole on said anode nenber; b) an anode
| ead frame connected to said anode nenber of capacitor el enent stack body;
and 80 c) a cat hedaieadlid alecteolyHet@hddtoniatespllthogeondabar 86 June 2005
30 of capacitor el enment stack body. 9. The solid electralytic caeaci tor -’
according to cl amhereinwgersnacer dsadaovided betwes npeitide FeERed 1S pect i ve
6 anode GRS o thofitRAE! dLbafh TR o IRUAEK: BERYK Ly, The sol 1d electrol ytic
capacitor according to claimm, erein said spacer is provided with a
recessed area to have said anode nenber of capacitor elenment fit therein.
10 11. The solid. el ectrol ytjc, capacitor accarding to,claim@Q,. erein said
spacer is fol dedlﬁa%%\t“%'ida%%&g?&ﬂai%g}’%ﬂt% @%“mb‘?’%tga‘a&”&’h\,\@de member
of capacitor el eg@¥redfdssal Gpudreeis PoFiBbaughthi Axece@8kachrybtin each
other. 15 12. The solid_electrolytic capacitor according tq claim9,
wher ei n sailtpepaeid aneds W’ﬂé’&rvﬁﬁaha?WPéL@ﬁn%ﬁﬂ”ef“s&HF‘”Phr ough hol e
bei ng Iggated at a position corresponding to a place where said through
hol e provi ded on said anode nenber

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§,

;‘t\“_//'

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




20 of capacitor element is |located. 18. The solid electrolytic q@ ac%&gr
according to claim@8, wherein said respective anode nenbers of gﬁ% or’
el enent stack body are joined with one another by resistance 25 wel ding via
sai d through holes provided on said respective anode nenbers. 14. The
solid electrolytic capacitor according30a claim8, wherein said respective
anode nenbers of capacitor 80 elenent stack body are joined with one

anot her vi aimsaritydt in seid- threugh -holésJprevid0s od0=sidsarespdctivesaid

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

el ectrol ytit"eapdRFFGI* 8ccording to claim 8, 5 wherein said respective
anode nenbers of capacitor elenent stack body are joined with one anot her

via a conductive _adhesive filled in said through hol es provided_on said
respective anode lferkles olithelertropgtissranpaites do6pytine EQpHertMbA accor di ng

toclaim, —wheesidheip' %ARACAlfUEliva! doAR. LRAHBEE VBranadaciiBiTDer of

capacitor el enment stac y are swaged to be joined together. 15 17. The
solid el ectelelnytnt staphdiddy aaegoidedgwith ohai améthemivéa e nondugtiivg hode

|l ead frame i rovid ,th a connegting.nme r to connegt integrajly with
sai d cat hod%gl:l er?ﬂ%e apg¥ci PBfdelt r‘r‘t%%t%ieﬁoc&mgﬂﬁg&si g8 sg?‘?gce of
sai d capacifd¥p 2t SFE lnoPet RIRGhPEra.N @ thickness direction 20 thereof. 18.
A manufacturing method of solid electrolytic capacitors conprising the

steps of. dividing an anode body made of a val ve action netal
10 16. The solid electrolytic capacitor a¢cording to claim 8,

wherein said spacer and said each respective anode

g meraber of capacitor element stack body are swaged to be joined

together.

156 17. The solid electrolytic capacitor accardiﬁg to claim §,
‘wherein said cathode lead frame is provided with a
connecting member to connect integrally with said cathode
member of capacitor element stack boedy 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



25 into an anode nenber and a cathode nenber and preparing-a ca‘gfci é&o{;
el ement by stacking on a surface of said cathode nenber a diel ett¥f Xi de
filmlayer, a solid electrolyte layer and a cathode |ayer on top of each
other in layers in succession; stacki ng a plurality of said capacitor

el ements on top of 80 each other in | Qbrs on each of one surface of

respective anode 6 June 2005 30b |ead frames and cat hode | ead franes
formed contliendofmdmesraad ¢aidipda lpedifragnes dprmed soadivrpuphe P Faci ng

provided there between.and jQi.my.ng sai : i @ﬂg@ | ead
frame; 5 jcﬁ“?ﬁ%ga aipa“&ﬁ’tat%%e%&ghnbgar gfgg%%%?gg%@r#ggfé?o&al (acat hode
| ead frane tlickedotarduchndejcidhegisedd anddé oneurigen toapdd sopndel lemeht st ack
body by stacking a plurality of said capacitor elenments on top of each
other in Ifé‘ﬁé%%' on anot her surface of respective anode |ead franmes and 10
cat hode fead fra : I b i 191 RbNgniziai d
capaci to%r’ el enen@%lgée%ﬁg] cQﬂE@%bRi:&?_%g%#Pg %epe%fq\regf%l ?(I:n GLClgtpaci %)I?aand Its
Manuf act:ur i oag hividehked dAfrhmel viupcconsd metize mdhesivia:arlect rol ytic

capacitor, which_fa-.cilitates an assenbl [ Kq Whi iyl | ction to
lead to a reduct FPEFE BoSRPAFLGS & gmee)%’e}%ﬁ%ﬁ gﬁglly\s/a en%agcgér}?lg%

resi st ance giRaedtyedfSkheéd owplasitbeSelemihitn eanteépuoiiteénch potdséblim and a
manuf act uri_ng net hod thereof. g\i’t h the solid el ecéroﬂ ty %Ecapaci tar of the
present i n@XErSPn ARGhII&urtate i reeneabive BRRde ‘%tj PSS A8 %onnect
integrajdy oifthddd §8hA0FLaRIDYy Yurdifd- sBRE| LQbpelWiEAe HAFK hedy on the
side surface of a capacitor elenment ex- tending in the thickness direction
t her eof . Cdpiminmsaid smpicitoxalempnds tpggbblewi th a t hrough hol e on an
;anpde nenber, are stacked on top of each other in |ayers and connections

bét ween capacitor el enents are achi eved by di sposing an anode | ead frane
bet ween | ayers. Accordingly, when a plural - ‘




ity of anode nenbers are joined to the anode lead frane via a thrﬁggg &Qle
provi ded on respective anode nenbers of capacitor elenents, st abP {mE&f

wel ding work is allowed to be performegy without any of nolten al um nium
foil to be released outside. Figure 1

ABSTRACT
Solid Electrolytic Capacitor and Its Manufacturing Method

) A disclosure is made on a solid electrolytic capacitor, which fa-
cilitates an assembly work with simple construction to lead to a reduction of
cost, realises excellent equivalent series resistance characteristics and makes
a thin configuration possible, and a manufacturing method thereof. With the
solid electrolytic capacitor of the present invention, a cathode lead frame has

10 a bonnecting member to connect integrally with a cathode member of a ca-

pacitor element stack body on the side surface of a capacitor element ex-

R

tending in the thickness. direction therecof. Capacitor elements, each pro-

vided with a through hole on an anode member, are stacked on top of each
other in layers and connections between capacitor elements are achieved by
15 . disposing an anode lead frame between layers. Accordingly, when a plural- .

ity of anode members are joined to the anode lead frame via a through hole

provided on respective anode members of capacitor elements, stabilised
welding work is allowed to be performed without any of molten aluminium
foil to be released outside.

20
Figure 1



