; noe3ehc$h” (6T$BH#3 Cct ober 2002 *166166* SOLI D ELECTROBOdtéheEABAZ TOR AND
- METHOD OF MANUFACTURI NG THE SAME Field of the Invention The present
.nvention relates to a solid electrolytic capacitor and producti Sttt hod
~ thereof which achieve a | arge capacitance and a | ow equi val ent seri al

resi stance (hereinafter, low ESR) . r,; Background of the Invﬁwmmm’ﬂwmmmm
recent years, the devel opnent of nobre conpact el ectronic devi

hi gher frequencies has | |, i rolytic capacitors

usi ng conductive poal émggﬂ?agwgg@m&%ﬁgg@bﬁeen commerci alized, as
capacitors suit ablANPOMETHID: Qdt MANE A TUEING SHie SAME 501 i d

el ectrolytic capacitors use conductive polyners of high conductivity as
-solid electrolyte, they achi e¥teldi gfntHer Bopeeritores characteri stics and | ow

I npedance. The ESR of these solid electrolytic capacitors is nuch | ow
~conparing to conventional electrolytic capacitors using electrolytic

solution as dri it e§8§{ %¥%ﬁ&oﬁ”%l§%é goe%ies%lfci"exéét?o Ra%hﬁ%itp?' ng
manganese di oxi de,  tthereby ‘achieving an 1deally lTarge capacitance I'n

addi t i onandsptdiisaioe wetiod teéewf vohich ackizpaci large capactapes andaai ous
aspects have been inproved, allowng themto be gradually accepted in the
mar ket . WW%@@WﬁemﬁﬁlséﬁnPﬁég@Fm&ﬁﬁeﬁi]@Wg}ﬁér consuni ng CPU for
conput ers, capacitors have cone to be required 0 achieve high frequency
transi ent response characteristics. A large capacitance and a | ow ESR have

al so becone their essentiaBagkgiraahel ofthiecvdrtiotnhe solid el ectrolytic
capacitors to satisfy such demand, they need to achieve a | arge capacitance

and | ow ESR while maintaining the small est possible nounti.ngsarea in a

Cot ober 20022 O PR ERET oo st R S mort, SRR Bechi ™
conventi gegcesolugbd! Rt reighieirC f idies s hale sead advahtiid) t h8olid

capaci tance required to back up CPU, five to ten |arge-capacitance tantalum
sol i d el elaateplyticc cappaltprorysinge gondustivep peliaaers arsalid elegyelyte

o S09ETR e BEES205 ok e AL 09, R5RRIrd M6 BRIECHS b Bkl
devices. Since the solid electrolytic capacitors use conductive polymers
of high conductivity as solid electrolyte, they achieve high frequencies
characteristics and low impedance. The ESR of these solid electrolytic
capacitors is much low comparing to conventional -electrolytic
capacitors using electrolytic solution as driving electrolytes and solid
electrolytic capacitor using manganese dioxide, thereby achieving an
ideally large capacjtance. In addition, as these new solid electrolytic
capacitors- are comipact, various aspects have been improved, allow#ftg
them to be gradually accepted in the market.

With the development of faster and high power consuming
CPU for computers, capacitors have come to be required to achieve high
frequency transient response characteristics. A large capacitance and a
low ESR have also become their essential characteristics. For the solid
electrolytic capacitors to satisfy such demand, they need to achieve a
large capacitance and low ESR while maintaining the smallest possible

mounting area in a device.

To realize this, techniques to laminate flat capacitor elements

T
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"Wth the increasing speed of CPU, the anpbunt of the currgdctdbdeppoty at high
frequencies has significantly increased as well. If the ESR of the

capacitor is not reduced, the capacitors will beconme hotter, increasing the
chance of breaking down. These factors heighten the necessity to develop a
capacitor of large capacitance and | ow ESR wi t hout increasing its nounting
area. In one technique to increase thée capacitance of the capacitor wthout

expanding its nmounting area, a_plurality of sintered el enents are djsposed
in the sadhixisdpteredhslemagtadiaveohsest vgedo dlovevee H spnyertienghci t or .

I t ' ' al it aci ked to
produce e SO AR A bisrlio GBRAR Y cBpRRRAREe Helutafloi g
- the sintgy BAcRhGERY, fivbebaenSlazge!dipaitarel tarltateii saliEFReetuslyitec t he

resi stance occurring when pulling out a cathode, Such resistance can not be
_ avoi ded capratansi need o dre meaainten: sy parallelnebuchiayrangemant inegeases d

o] con SRR Rl TBY By ook Ao Bl e ALY A bt Y b oo
i ncreaseghe dApacdig@son is, if there are excessive nunber of layers, the

sintered el ements woul d be deforned due to the difference in thickness
bet ween t he anod®¥itbotinedncrapsing tipmedanti GRE, the ruteusitecft the cvomentt or

| am ' . di el ' i de_ fil Kk d I t
{ai 1 or e Dewie Strhigh, Sfhincits g SieniBntl fideAragas SO Al ol yi e
capaci t ops® of ghe® irl A6t 2EQuELEY ﬁ@cﬁﬁgc&@s REQOBEELRIE HBtieed bY

-

dealing with the problens nentioned above. tober 2002 3 Summary of
t he | nveimdreasifigs thdi chpnee emfebrsldng doéwnhe Thesse factonseheigiient tleze i s

i ded Lid electrolyti it i sing. at | t.t it
el ement PERFTedOu AR EIaR o PARASIG o Bk JATEC SRAPRSHFAEE BRI AVCBY | 51 ng:
a pluralyAthdRft ﬁl!cgéaﬁﬁ%?(ﬁétrﬁéuﬁ{' eaYen, €ach el ement having an anode

a

pul | i ng-out secti on; a netallic term nal nmenber connected to and
covering sai d ardndeneukethniguettosiacreass thaccapatiitantco ofithicheapagipect of

e P e et IR SRS & ARRIBE PRI Hnhes o211
surface Qfe Aisticed APIRE LIRE EREHIAMSESRI and connected so as to be a
single capacitor. In another techmnique a plurality of flat capacitor
elements are stacked to produce one solid electrolytic capacitor.
However, with the technique using the sintered elements, there
is a limitation in lowering ESR due to the resistance occurring when
pulling out a cathode. Such resistance can not be avoided since
thinning of the sintered elements is limited. The solid electrolytic
capacitor made of a laminate of a plurality of flat sintered elements has
its own problem. The number of the layers can not be increased. The
reason is, if there are excessive number of layers, the sintered elements
would be deformed due to the difference in thickness between the anode
connecting section and the cathode electric conductor laminated
section, dielectrics oxide films crack, and a leak current failure occurs.
The present invention aims at providing a solid electrolyte
capacitor of large capacitance and low ESR and its production method

by dealing with the problems mentioned above.



where an el ement section is to be formed by anodi ¢ oxi dat3 ©stobdr@00Rng an

el ement section by layering a solid electrolyte |ayer including at |east
conductive polymer and a cat hode conductive |layer in sequence on said anode
oxide filmlayer; producing a flat capacitor elenent by form ng an anode
pul | i ng-out section on an exposed portidn of said valve metal el ectrode or
on a dielectric oxide filmlayer; stacking a plurality of said capacitor

el enents on a | ead frame having term nal sections to be used as ternina

nmenbers and el ectrically connecgimigappéfdthenp@ation! | i ng out section and said
cat hode conductive layer to said termi nal sections; producing a capacitor
el ement lamnated unit by.cutting said-unit out wthout severing a

comecti on bei e el i ek 3PS Mol ARl e BEETE RRRAEL d v

_ capaci tor e@cgag,mch@mta@g&gpﬁmﬁé;s on the lead frane having a conb term nal
section. 3 OCtober 2002 3a Brief Description of the Drawings Fig. 1

il lustrates a phleastiwo cipacikerelgraerideminated wiis\whith argstackedc egshdaminrated
el enent iﬁnﬁcccl%r dgnc,e with a first preferred enbodi nent of the present
i nvent i on"EY"PHNE} ustrates a perspective view of the construction of a

| am nat ed unit 4 pluAgiep bl MAEC Bapicitbr Elbmehis) sichpdlahedtriesighodhsmrNpulihg-blie
section; and
a metallic terminal member connected to and covering said anode pulling-out

sections.

According to another aspect of the present invention, there is provided a
manufacturing method of a solid electrolytic capacitor comprising:

forming an anode oxide film layer on a surface of a valve metal electrode at least
where an element section is to be formed by anodic oxidation;

forming an element section by layering a solid electrolyte layer including at least
conductive polymer and a cathode conductive layer in sequence on said anode oxide film
layer;

producing a flat capacitor element by forming an anode pulling-out section on an
exposed portion of said valve metal electrode or on a dielectric oxide film layer;

stacking a plurality of said capacitor elements on a lead frame having terminal
sections to be used as terminal members and electrically connecting said anode pulling-
out section and said cathode conductive layer to said terminal sections;

producing a capacitor element laminated unit by cutting said unit out without
severing a connection between said terminal sections and said cathode conductive layer or
said anode pulling-out section; and

connecting at least 2 of said capacitor element laminated units on the lead frame

having a comb terminal section.



1 1
“present invention. Fig. 3 illustrates a perspective view3dHctobér 2002

" construction of a solid electrolytic capacitor in accordance with the first
enbodi ment of the present invention. Fig. 4 illustrates a perspective view
- of the construction of a lamnated unit fornmed as a conti nuous hoop in
accordance with a fourth enbodi ment3%f the present invention. Fig. 5is a

chart illustrating the inpedance and frequencies characteristics of ESR of
the solid electrolytic capacitor in accordance 3 Cctober 2002 4 with the
first and second enbodi nents of the present invention. Fig. 6 illustrates a

perspective view of the constructjon of the solid electrolytic capacitor in
accordance with a fi fth@ﬂﬁgmeﬁéﬁﬁ)t&npﬁéhﬁrg’é%‘ﬁmgﬁwenti on. Fig. 7
“illustrates a perspective view of the construction of the solid
“electrolytic capacitor in accordance with the fifth enbodi nent of the

. present inventipg Fillusfrates us pagtialyabpskapgsdrspectivewiel bhe plate
construction of the solid electrolytic capacitor in accordance wth the

fifth eedpacitentelemartieinpraccardanogewitlora first preferred embodiment of
the present invention.

Fig. 2 illustrates a perspective view of the construction of a
1ami;1ated unit in accordance with the first preferred embodiment of the
present invention.

Fig. 3 illustrates a perspective view of the_construction of a
solid electrolytic capacitor in accordance with the first embodiment of
the present invention. "

Fig. 4 illustrates a perspective view of 'th'e construction of a
laminated unit formed as a continuous hoop in accordance with a
fourth embodiment of the present invention.

Fig. 5 is a chart {llustrating the impedance and frequencies
characteristics of ESR of the solid electrolytic capacitor in accordance

74



"Fi g. 9 illustrates a perspective view of the constructi org Ottobbe2¢o2l i d
el ectrolytic capacitor in accordance with the fifth enbodi nent of the

~present invention. Fig. 10 illustrates a perspective view of the
construction of the solid electrolytic capacitor in accordance with the
fifth enmbodi ment of the present inventjon. Fig. 11 illustrates a

perspective view of the construction of the solid electrolytic capacitor in

accordance with the fifth enbodi,nent of th resent .inventjon. Description

of the P?”éﬂ'éﬁi‘%é\lrﬁ BT Ppﬁﬁm@n%fg@f%m%e%mvﬁguﬂ”esent invgnti on
q “bed b ; ) : ot

are describe %&ﬁ%@s%@tggg%%&% ARG BPANY 6&1&&%}1&% of FhES

enbodi nent Al umn ty to be used as an electrode body is
- roughenedoliyl elkelrvlytiy chpaeitohiingadeyridanee withho difthl eenlad dimhentrof ehe t hen
is anodi zed in a solution of 3% anmoni um adi pate by applying a voltage of
13 vol t sSPreserdoinyiemiadL, to form an al uni num oxi de | ayer which functions as

oty
a dielectrics. T dy .J 3 i 5 wdth
and 6.5 in Iengtkﬁfg' go?@‘?%#%%%%céﬁs}%g%’g mt@gc%i%%%ﬁgl 6P the
pr edet er gbliddelebaeptio redpriditadi e cebrdece veich r e fifidd erabodiaent iof Fig. 1

before dividing it into an elenent section 3 and an anode pul ling out
section thepyesent iztidneach side of the el ectrode body, which are

oo um adi pat & 18 S SRSRREES o, bErduathe fiste Bt " Gnsytiionl o ind”
Subsequegbliil, elebErAyRERAPRSTT A1 adcbbdahepeasithntife MYIABEdThEAELE

aqueous sol ution and deconposed at 300 to forma conductive manganese oxide
| ayer. Thlegireaent iveentiom 3 is then dipped in a solution containing 0.1

lectrol yiic pol Jierd SAPPATea % Bt Bisty Rl eI Rl ik ™

pol ypyrr @bhhsel%)éﬁfdlytiéﬁtﬂiéﬁdi&ﬁ ) ddeer@hreenyithetid @iftls.emhbedahent refl ytic
pol ymeri zation is carried out by applying a constant voltage of 2 volts,

for 30 nithetpresent bagntdenel ectrode contacted on part of the manganese
oxi de. A flat capacitor..el ement 1 described.in Big. 1is praduce fter
carbon paste Iai@?g?Gf(gh%uﬁtr ?%grpggaeglcﬁvgyxg?wpfaﬁée F8Pﬁgg‘“§ihorf r?g tgfsement
section 3oBH aleefRAFHE ¥afl@BiNin hocOtdfhcs iwitA tHAFHfth | EmBatiheft ast

conductive adhesive on the el ement sections 3, four pieces of flat
capaci t othelppesent inveptienat ed i n an above-descri bed manner are stacked in

h t hat t.h t ti 3 | ] d | |,L ng-
ections 4 are o it dieRBiReR PoapesE sy APt atthe 6 1
fornmed agoBfoMIectibIVii6- capacitor in accordance with the fifth embodiment of

the present invention.
Description of the Preferred Embodiments

Preferred embodiments of the present invention are described

below with reference to the accompanying drawings.

First embodiment

Aluminum foil of 99.9% purity to be used as an electrode body
is roughened by electrolytic etching by known method. The aluminum
foil then is anodized in a solution of 3% ammonium adipate by applying
a voltage of 13 volts for 30 minutes, to form an aluminum oxide layer

which functions as a dielectrics. The electrode body is cut 3.5 mm in



"Metallic terminal nenbers 9a and 9b are respectively conBeddteskri2002 he
- el ement sections 3 and anode pul ling-out sections 4 of the |ayered-el enent
.8. The nmetallic term nal nenber 9a has three perpendicularly standing faces

. arranged on the three sides of the section where the el enent section 3 of

the plate capacitor element 1 is placgd. The term nal nenber 9b has a
section which can be fabricated to cover the anode pulling-out section 4.
The el enent sections 3 of the Iai/ered-el enent 8 are bonded_ to the term nal

menber o¥idif: angdi Bvein lengha: obelyinude Bokisgdapeng isnatiached pRgthsut

ani on naehsrie E1R6S By B0, <186 S Re e &ll Ry, Bp el T
- fabri categ, tlobefyrerdivid: deiten eldmext seefibhossarfd éuaﬁgae?ﬁMg four
pi eces of "anodes are wel ded together by a YAG | aser irradi ated from above

~the terrmwhasectiomer. The perface afiaagh asleanbtiee gledtrede bodys adhichnarel of t he
stacked capacitor elenents 1 to forma |amnated .unjt 10..The c ction of
the f oure’gﬁ@(ﬁ’g_sBXo ﬁw%lﬁgygrch?sﬁe 13 r%?@@ﬁgbﬁéj%ﬂ? Ao SPHYPR L 03%{ er of

the anodgmse&hiAh é’&iggtgé"cﬁ)ﬂfw} étqﬁgﬁing%iazvolfﬂ 6P13eE4 1t for D BeirftRds. by wel di ng

t he sides of the ano nated el enents by a |laser. The term nal
menber 9a made Sulmagprerdly,ddsceleimecnibection 3 i dippéed ahly manganess to a

2 showitte deudonsiseEHRE Aad Hirofoied ¢ DS AR By SRSV ES n
pased SiivelzapRekCoRHE YYEI DYHBCElemdiie seefihnd 1 YigPed! ir

| am nated unmits 10 are el’ectrically connected to a co termnal 11
opposi t | solditimmosentaining ©. t ambl pf pyrnal add G 1 Sognd] axfealkyk ndipdthaléree whol e

o bt S, BECBRELA Rkl il
Pt hg. oS 1akBr' 8 SERTADS, SAVRIIPES | railyl deARRHC o) i ©
el ect r ol glenertapactionr 8. arEhereldotretiythy pdlgnsaientiont isdcasried ohe By r st

enbodi ment.. The only difference is_that the nu r of the flat capacitor
el enent ﬁpP@i%%a%g%é“?%’rﬁﬁ’ ags PEnd wielks+ fier In:g(i rapEges nthrovgh an or ned.

The rati h +de | wEi j a i e
Timer oficBbokhEoseli dachichss i heSgRaghpis oe Seald Bphoubey
first endlediargnt }destsitied RPFif, 1 26 pwbdutedrRft&scarbamnpasis aydr 6lend 3

Cct ober 2002 7 voltage of 6.3_volts. en re than 10 capacitor el enents
are stack&YVet W@Séﬁggiéers Ateofprmed;on e & Iaﬁatﬁﬁeﬂeapiaﬁl@oﬁaaﬂ%ts 1

are Seveélﬁﬁlerftair.l ing to achieve desirable electrostatic capacitance or
resulting 1n a large anount of | eakage current. Due to such problens, it is

i npossi bl e to gédteratsélvar spasit ¢ gquaintegt as capductive adhésiver ent tiamn 10
flat capacitor, el ements. Fig. 5 sho he result .of the {Teasure{;e t nade on
the i npedsHE LRRFHaIER de eyt RiSFeR PbTRd faRacor emts ol eraerai,in o
capacit Oénoibd\)éedéééﬁbeéﬂﬁaﬁﬁ%P][é{}eeéﬁa‘éﬁbﬂeﬂ Such ﬁ!dgfnﬂ?aﬂ efirfient t he

solid electrolytic capacitors of the present Inventi have | arge

capaci t asexgicnsl 3i aie ardlk ascanoge garlingaout beoti@sR 4« hee datioag sacl othenser

wel ding is ussd j’ryn é@ﬁ fjrst an‘g se%gy,eﬁodi nts, however eedless to
say, ot HESRRSHYERG oy eLEH-EFel HHTeeyas s ‘i"Fld“eﬁign ‘ment Three
| am nated units dyeemhiR¥l t SHE ogrfgﬁs ib i jist
enbodi ment are sl,%g%%g tL)tgé proﬂ d%% epoiﬁ%si n ag[e)d Si vg?é%l%st;‘}gq et ween

el enent cauhéctesl & tHdelanedeé spotibinsg3 antd aactdegqnsllihgodut kectionsbhioéd units

10 are eJectrical]y, connected by providing epoxy resin based silyer paste
bet ween ’ihfetlﬁlﬁ‘?ﬂ? -glement sé an &ne N gmergher, 9 Qas r‘r'g‘r?? by

heat. T i t i Lat.LRg i N

T ust 1 ap S LRGHILy SUARG AL Siiade TR BreBlsldes RO B | e
encapsul se¢dtign rvelsere tloe plaherd seciivri @ of Ha¢ rplate capaeajiacidlemenitthis rati ng
of 6.3 V,, 15QF. desc,rgiﬁﬁed i tgﬁ] enbodi nent, the anodg sfe%ti ons_can be
bonded wPlaceLontinetevBingh&eberiyhas & sstiomewhich can be fabricated

to cover the anode pulling-out section 4. The element sections 3 of the

layered-element 8 are bonded to the terminal member 9a with silver



3 Cctober 2002 8 As Fig. 4 shows, after the el ement secti3oDstoBera2092coat ed
with silver paste, the flat capacitor elenents 1 are stacked to a
.continuous hoop lead frame 12 such that the el enent sections 3 are facing
each other. The lead frame 12 is a belt-shaped netallic frame which has
continuously arranged wi de protrudinggermnals on the |ocations
corresponding to the anode pulling-out sections 4 and the el enent sections

3. The | ayered. gl enent, 8 i g, forned by, stacki foyr pieces of ode

Sl . BHERE o g TEAG pullipBTSE ReCUDRELA olie JhrbiedclentRt & §ECar o
fabri cat oMEr ﬁ.ﬂﬁ%ﬁ 1 u tyl : i,eces of
anode puﬁﬁé}%—egu%‘ﬁstg:{'?%ns of t %&gagg’agh'?glﬁ %ﬁ%ﬁ?‘gﬁggg?%éﬁ)g?e&\%l ded
- by a irraflest i ofhEnontleb®stantlheg tfaces nate nfabbiratéd, tdé ccdvarmthéeanode

four-layered | am nated unit 10. O the lead frame 12 havjng the | am_ nated
units 10PHAEREOL pftionhé- pRubsegrepply, faHF Ritees ohianocdes are waldedut to

"~ obtain i YV Mo TR i ]58;; ' Extlﬁfﬁg 9a and
9b. Subse%eﬁtg W?mgﬁpﬂ%tgggn erﬁlﬁye;c?nffr’]&g{ngh urﬁaj{ﬁséi are %eé{e{ggg?bts’he

| am nat egetistrtatiyy dhepasede opullivgs-baddksdotivires 42ofithle stdolesd papheitoro form

a twelve-]ayered solid electrolytic capacitor _on the continuous |ead frane

12 as sréqummnta:ilg.to Jormma l&@mmatmi unis khenloacegraecticny of the four
alon « nenpags' Gred pieloheps,fbe BhEHadt Bl RERerine SHE BRMGIT HED: ocess

of a sol aflogeeséctddtas Jlapaai HPIFigl 2 arhétddrn@dtién Van I5®mmatie bii s
enbodi nent the | ead franes 12 of the sanme shape are used for producing the

| ami nat ewelding the sides pletheypreres of dhedaminatediglprpents biyea dasgre of the

|l ead frame 12 d n have to he _sane. In t bove ax tian)
conductive adhegﬁ?/% t?’@“b@%’g“}e&ngg’h?&c?‘%%ﬁg“{ gr%aﬁi}e?é%c‘gﬁgg%%im 1Sb) when
the | am gRiceficillyt CordRectedl 8 aflcomb HevaiARl Needbeorredifyg dlégehtwel di ng
can be used to connect themwi thout affecting the effectiveness.

3
Oct ober seoiions vithreondisetive adbesiveeas sthdwalinnBighe}. dlhireg leonimadedng
el ement can, b rovi ded, s rately fromthe l.aminated unit 10 to .cpnnect
anodes. . EPRts, 0haEY SBRKEAr L Ceony, ridl bRsedndiy e Paste nd dubigt B o
connect i hgathe FTREIgeRMihANINCHIb&ECIAWNSS ALkhaaniiti=red! anitst ¢d Wiets 10
are stacked in this enbodinent. In Fig. 6, connecting elenents 13a, 13b and

13c are plesirigally sonnectpdttoomanmbdesminabddip eppasily dispesed 6o the t he

top, md d ] hat e i 10. The connecting el enents 13a, 13b
and 13c géﬁﬂ%gcréuﬁ‘ﬁ#elm%aﬁs@%eerdggﬁ Isurface of the termnal member 9b by
| aser wel di ng orThésilsblRMaenitRitdd (thit T8 &@ohesdbyénSipsalatiiss Pedih Gdtgi ve it
a shape illustrated in Fig. The connecting elements 13a, 13b and 13c are

6.
| ayer ed Hustyated)p amsbagede Thap combdeanimalspbla @nd ddihare bemtialengr e
st acked. his state, e e ions of t con [ | ts 13a,
T30 and 186 6° 68 BIEcod Mo Rt A8RML B8 incrdfe [T ERY BREHAVES: S oy
arrows i Bapheitbt Wvitk-a FA@hERHf 6:8NNees0AB, the anode pul ling-out sections 4.
In Fig. 7, connecting elenents 13d are provided to the bottom surface of
the top and mddle term nal nenbers 9b. The connecting elenents 13d are
connected, to the bottom surface of the term nal nenbers 9b by | aser wel ding
or resi sggﬁggd\,@pﬁpﬁlgpe el ectrically connected to the terninal nmenbers 9b
by bending themto provide the shape shown in Fig. 7. The connecting
el enents 13d function as spacers to fill the gap between the top, mddle

and bot t om capacirt shisearerdinhemt, relist elavitrelytic edpacitérsy ave @rotdackdd. The

ol octri el (PREORMA PR AadB: RCPES ST | 180, GBSl RRshe y as

gr ro(c)}[’\'zbier'ﬂhgié glge7mi1ﬁfﬁéiaéiethér ot RIREGET erh&se 14ethRSed IOECHRo (the anode
ten when the laminated unit 10 is formed. The rating of the solid
electrolytic capacitors are, according to the number of capacitor
elements, 75uF, 112uF, 150uF (as is the case with the first

embodiment), 187puF, 225uF, 262uF, 300uF, 337uF, and 375uF at the

)i



10 pul ling-out sections 4 with each other. In Fig. 8) cosr@tdhber®06Renents
13e are provided to the bottom' surface of the top and m ddl e term nal
.menbers 9b. The connecting el ements 13e are connected to the bottom surface
of the term nal nmenbers 9b by | aser wel ding or resistance wel ding) or
electrically connected to the term nal, nenbers 9b by bending themto

provi de the shape shown in Fig. 8 Wen the top, mddle and bottom

| am nated units 10 are stacked, the connecting elenment 13e at the top
sandwi chealtage of & &ivells. nenber 9b in the niddie fromthe side. Likewi se,

2t the bot t om f RSHCEnRorebial AOFBetdie, GRRHS 15%, RORMCH IR fBET S 07

wel ded byectididgerdibtdraed aired the anppivaee eleaganal 1 yarer séveredl Hailsigdeo t o
el ectrical]ly connecting themto the nmddle and bottomterm nal menbers 9b,

_ thereby achitvet idagitahie aglairontaticn fapaciteaae ois weswliingeden otlpege | n

term nal SHEAGY oBeShFEE Shntdle REERY 85t wo B I B S HBIE or om +
surface généhftet £/981REIERIAGISHE Gpdvitdraeath WebEH MHanr 10eBatstapaeitvel di ng,

or electrically connected to the term nal nmenber 9b by bending it to
provi de elementme shown in Fig. 9. Wen the top, nmiddl e and bottom

| am nated units 10 e Stacked, the.co ting elenment 13f gt the top
sandwi ches the Ml S SHOVBofRb APt HariieHBas S RRAn, TG sP; 1€ he
connect i fgnRHaRRE! ahtl heqiRIHigd dardct@dstics M bfdikREedolicPneRRytic
diagonally or fromthe side to electrically connecting it to the m ddle and
bot t om t eapaoibr of the firsbbnad secwty) eodrodionénig. t he anode pul | i ng- out
sections 4 with gach, other. .In Fig.,, 10) connecti .el enents 14 di sposed
to the sides of 4% 1fger_gi H&ﬁ‘{cﬁ&%e&eg Qh‘g‘h egtﬁ?igté?iﬂ%p%?%%tc? %&ea_re
then wel g%éséiyt MveaREn IdRdiAe L dfLataRey and /B iibelABEIhedSi de as
indicated by arrows in Fig. 10. By the laser treatnent, the connecting

el enent slow ESRtaiizaackodgtias. 14 are el ectrical | y connected to the top,
m ddl e and bott term nbers, 9b, .t heyepy connecting the,anode
pul | i ng- out sep?licn%?fsr. W%Tﬁfﬂe”z%&}?qsl !ﬂ’értherﬁ’ésgﬁ}é&ﬁcﬂgde?m%@‘iﬁtsar e
desi rabl glow&\éwﬁeewefse oI RheH Wl ndthdidsnOsh bisb %@(ijbétﬁe.

conducted usi ng the space 1 dl e and

ween top and m ddl e as well gs
bottomterm nal nenbers 9b. In Fig. 11, connecting elenents 15 are inserted
fromthe, front qf the termnal nenbers 9b. In this state, the connecting
eIenentsqﬁﬂngEaﬂﬁhﬁgﬁﬂby a laser irradiated from above diagonally or from
the side to electrically connecting themto the top and m ddl e term nal
menbers 9b, thereby connecting the anode pulling-out sections 4 to each
other. In this cHerge ilaminadedf uguts 1@ prediided t hy thebsamear method | b.

Thereforeg, t onnecting, el ements 15 are,desitably haop-shaped to.secure
e o s ibe BB She ShERerdE o SASRd B0L BehoR IR S

| 'am nat eghadBi! siPPphSte Bedletf 33BN SsddtPhP B ATHRY an@aeaﬁuu&idg-@kﬁrrent S
whi ch use conductive polyner as solid electrolyte, are connected parall el

to each sehdonsn4a ofi thg danebuitedammitseIP aarchigjectricadlye monneaied by
reduced, _inversely proportional, to the nunber of the, stackegd |am naied
units. WQX&Pg tﬁ&_”ﬂgt arlesglépa]%ﬁ%céﬂ& Tt h@a?tgye?)gﬁwgg\laap or @ BHent s
anmount s &erhiigalcaRRCLAANIR Airnhitl SAEhihesosh ra&id/bhﬂrfgaﬂaﬁytliéat. Tihe, the

present invention provides a solid electrolyte capacitor of a | arge
capaci t andeolendnits| ave ESRapsulaiad withaedcapsiultating rasim (nelr Blustratedlevi ce.

3 COctober 2002 1 IMS .,." |, A solid electr tic capagcitor ¢ rising:
at | east %@pﬁﬁci t é?q%ﬁ?mtell'lﬁﬁ?iﬁﬁt égaur‘ﬁnti ﬂgcﬁrﬁrﬁggfa%l%&& (%g%ch

| am nat e [ i shdifl: it I it Rbigh gach

el ement %avi %ugﬂﬁg%ogéeﬁgult?i Egé%%%é s%cﬁ%%;agﬁgamtﬁgﬁﬁé%r m nal menber
connect edatimganfl &8v¥r i YiP|sRi dAandelechiioéd iingtluist embodiment, the anode

sections can be bonded with conductive adhesive.
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Fourth embodiment



sections. 2, The solid electrolytic capacitor as set for@dteberi2apm 1,
- wherein said capacitor elenents further conprise: an elenent section
.conprising an anode oxide filmlayer, a solid electrolyte including
conductive polynmer and a cathode conductive |ayer |amnated on the surface
of a nmetallic electrode body in the ogder said netallic el ectrode body
being electrically connected to a netallic termnal nenber. 3, The solid
el ectrolytic capacitor as set forth in claiml, wherein each anode is
electrically connected after at |east two of said |lamnated units are

2 The sorid o 8 FlkyE oS, bfteB eCRERREH BpEoHS 3 ARTERECIHAR, (20 o1
- 3, \Aheresﬂv&apasﬁ:nq@ﬁ flht SRIpACiF dehfchtdnl tard St ed e cositithG@anect i ng
el enent s. 3 Cctober 2002 13 5, The solid electrolytic cag acitor as set

_ fort h . ilmoep dcadmamrla suche thahtbet ¢1ﬂ91@1feﬁe¢11t19nar% aygl tacivg ¢addm one

condu t|ve an i.nte co teria i.ch is
connect VRS aI ﬁ %Ie%%]ﬂeoég i 55’535568?@ e#?%lec é%mﬁc‘fvhg?rﬁ?%rlal
whi ch i scqeiAfehLs %%@édc%fd%:s Whﬁ‘ﬂu@ airianalPf ofaitHe! agdaddiesl unit.
4 6, The solid eléctrolytic capacitor as set forth in one of clains 1

t hr ough Gormhpondmgpt@céhs anedprpwllmg—out aeg‘apnbeﬂwamd tthe elevenbdes of

each capaC| be| ted en sa m nat.ed uni.ts are
stacked. eﬁt Lo Bieedah 5 3 8dng AR TESedros

wher ei n ﬂ &ﬁpgé&%gné'l Qn%P MH@Sﬂaéﬂ“eTﬁe%?ﬁnﬁBl ﬁi’é‘rﬁb‘éi‘é’ac' tor
uni t, sa g created when sa | am nated units are stacked

9b are fabncated to cover the anode pulling-out sections 4. Then, four
pieces of anode pulling-out sections 4 of the capacitor elements 1 are
laser welded by a irradiation from above the terminal member 9b, to
form the four-layered laminated unit 10.

Of the lead frame 12 having the laminated units 10 thereon,
only the parts of the laminated units 10 are cut out to obtain
independent laminated units 10 with metallic terminal members 9a and
9b. Subsequently, two independent laminated units 10 are bonded on
the laminated unit 10 disposed on the lead frame 12 with silver paste,
to form a twelve-layered solid electrolytic capacitor on the continuous
lead frame 12 as shown in Fig. 3.

The whole unit is then encapsulated with encapsulating resin
(not illustrated) and aged. The terminals are bent along the face of
encapsulating resin to complete the manufacturing process of a solid
electrolytic capacitor with a rating of 6.3V, 150puF.

In this embodiment the lead frames 12 of the same shape are
used for producing the laminated unit 10 and the capacitor element 1.
However, the shape of the lead frame 12 does not have to be the same.
In the above explanation, conductive adhesive is used to connect the
terminal members 9a and 9b, when the laminated units 10 are stacked.
However, needless to say, laser welding can be used to connect them

without affecting the effectiveness.



8, The solid electrolytic capacitor as set forth in clain3 Bctobke2@2n
spacers are provided in a gap between the anodes of each capacitor unit,
»said gap being created when said |lam nated units are stacked. 9, The solid
el ectrolytic capacitor as set forth in claiml, wherein connecting el enents
are integrally formed with the netallig termnal nenbers included in said
| am nated unit. 3 Cctober 2002 T 14 10, The solid electrol ytic capacitor
as set forth in ¢lajm4, wherei ai d, connegtin | e t isintegrally
formed with the Wt the ilocatiom okl tAentsrmingl| mmber O 02l & H®Euni t .
11, The | I rakyh acj gﬂﬁﬁ | . in a
netallic%$§?%9§a§&%9n%epkgﬁ?%gr%F?gf?gi%;%Baéﬁﬁk?ée coh%églﬁﬁgwgﬁéﬁght S
- provi ded donteecd dmefesat predeterm ned intervals. 12, The solid electrolytic
capacitor as set forth in claim1l0, wherein a netallic term nal nenber
_integrally formed with the connecting elenent is provided |ike a hoop at
predetenﬁﬁﬁ¥%ﬁﬂ&fﬁﬂﬁa . 13, A manufacturing nethod of a solid electrolytic
capaci tor ‘conprising: formng an anode oxide filmlayer on a surface of a
val ve netal electrode at | east where an el enent section is to be fornmed by
anodi ¢ oxidation; form ng an el enent section by |ayering a solid

electrol yte | ayeFigmd@ taroughtl | shew detailest doscrptipnee! epangcdngHbiee

ot cap il BmbRe Rt 43 Phfin THBEE B Rt ML S SRR o
portion qh 38 enyBddiend®t.al el ectrode or on a dielectric oxide filmlayer;

stacking a plurality of said capacitor elenments on a |ead frane having
term nal secti onkn fdghb, wonmegtingclementsd fperisSmaade 18¢t are proyided

ComeCt |1 SRk choUgHE 8L by S Sl obPbIOAE e | v
and bottom laminated units 10. The connecting elements 13a, 13b and
13c can be connected to the bottom surface of the terminal member 9b
by laser welding or resistance welding. The terminal 9b can be bent to
give it a shape illustrated in Fig. 6. The connecting elements 13a, 13b
and 13c are layered at the tip when the top, middle and bottom
laminated units are stacked. In this state, the layered potions of the
connecting elements 13a, 13b and 13c can be electrically connected by
laser welding as indicated by arrows in the Fig. 6, thereby connecting
the anode pulling-out sections 4.

In Fig. 7, connecting elements 13d are provided to the bottom
surface of the top and middle terminal members 9b. The connecting
elements 13d are connected to the bottom surface of the terminal
members 9b by laser welding or resistance welding, or electrically
connected to the terminal members 9b by bending them to provide the
shape shown in Fig. 7. The connecting elements 13d function as
spacers to fill the gap between the top, middle and bottom capacitor
element laminated units 10 when they are stacked. The connecting
elements 13d and the terminal member 9b at the bottom are electrically
connected by laser welding provided from above diagonally as arrows in

Fig. 7 indicate. This process of laser welding connects the anode



produci ng a capacitor elenent |am nated unit by cutting $adelober@d02 out
- Wi thout severing a connection between said term nal sections and said
. cat hode conductive | ayer or said anode pulling-out section; and connecting
. at least 2 of said capacitor element |amnated units on the |lead frane
having a conb term nal section. 14, The manufacturing nethod as set forth
in claim13 wherein said termnal nenbers of said plurality of capacitor
el enent lapginated units are electrically connected by | aser welding. ' . A
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13e are welded by a laser irradiated from above diagonally or from the
side to electrically connecting them to the middle and bottom terminal
members 9b, thereby connecting the anode pulling-out sections 4 with
each other.

In Fig. 9, connecting element 13f is provided to the bottom
surface of the top terminal member 9b. The connecting element 13f is
connected to the bottom surface of the terminal members 9b by laser
welding or resistance welding, or electrically connected to the terminal
member 9b by bending it to provide the shape shown in Fig. 9. When
the top, middle and bottom laminated units 10 are stacked, the
connecting element 13f at the top sandwiches the middle and bottom
terminal member 9b. In this state, the connecting element 13f is
welded by a laser irradiated from above diagonally or from the side to
electrically connecting it to the middle and bottom terminal members
9b, thereby connecting the anode pulling-out sections 4 with each
other.

In Fig. 10, connecting elements 14 are disposed to the sides of
the terminal members 9b. The connecting elements 14 are then welded
by a laser irradiated from above diagonally or from the side as indicated

by arrows in Fig. 10. By the laser treatment, the connecting elements
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T0%e (. a4 heprdlepirieally connected to the top, middle and bottor terminal 2
members 9b, thereby connecting the anode pulling-out sections 4 with
each other. The connecting elements 14 are desirably provided with two
protrusions so that positioning can be conducted using the space
between top and middle as well as middle and bottom terminal
members 9b.
In Fig. 11, connecting elements 15 are inserted from the front
of the terminal members 9b. In this state, the connecting elements 15
are welded by a laser irradiated from above diagonally or from the side
to electrically connecting them to the top and middle terminal members
9b, thereby connecting the anode pulling-out sections 4 to each other.
In this case, it is difficult to provide the comb terminal 11b. Therefore,
the connecting elements15 are desirably hoop-shaped to secure stable
supply of the laminated unit 10.
In the present invention, the laminated unit comprising at
least more than one plate capacitor elements which use conductive
polymer as solid electrolyte, are connected parallel to each other on a
single lead frame. ESR at high frequencies can be reduced, inversely
proportional to the number of the stacked laminated units. Moreover,
the total capacitance of the layered capacitor elements amounts to the
capacitance of the solid electrolytic capacitor. Thus, the present
invention provides a solid electrolyte capacitor of a large capacitance

and a low ESR without expanding its mounting area in a device.
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CLAIMS ,,
1, A solid electrolytic capacitor comprising: at least two capacitor element laminated

units which are stacked, each laminated unit comprising:

a plurality of flat capacitor elements, each element having an anode pulling-out
section; and

a metallic terminal member connected to and covering said anode pulling-out

sections.

2, The solid electrolytic capacitor as set forth in claim 1, wherein said capacitor
elements further comprise:

an element section comprising an anode oxide film layer, a solid electrolyte
including conductive polymer and a cathode conductive layer laminated on the surface of
a metallic electrode body in the order, said metallic electrode body being electrically

connected to a metallic terminal member.

3, The solid electrolytic capacitor as set forth in claim 1, wherein each anode is
electrically connected after at least two of said laminated units are stacked, and all

laminated units are encapsulated with encapsulating resin.

4, The solid electrolytic capacitor as set forth in one of claims 1 through 3, wherein

each anode of said laminated units is connected using connecting elements.
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5, The solid electrolytic capacitor as set forth in claim 4,

wherein the connecting elements are selected from one of;

conductive adhesive;

an integral-type conductive material which is connected to all
the electrodes; and '

a separate-type conductive material which is connected to each

corresponding electrode of said laminated unit.
| :

6, The solid electrolytic capacitor as set forth in one of claims 1
through 3, wherein spacers are provided in a gap between the
electrodes of cach capacitor units, said gap being created when said
laminated units are stacked.

7, The solid electrolytic capacitor as set forth in claim 4, wherein spacers are

provided in a gap between the anodes of each capacitor unit, said gap being created when
‘'said laminated units are stacked.

8, The solid electrolytic capacitor as set forth in claim 5, wherein spacers are
provided in a gap between the anodes of each capacitor unit, said gap being created when

said laminated units are stacked.

9, The solid electrolytic capacitor as set forth in claim 1, wherein connecting

elements are integrally formed with the metallic terminal members included in said
laminated unit.
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11, The solid electrolytic capacitor as set forth in claim 9,
wherein a metallic terminal member integrally formed with the

connecting element is provided like a hoop at predetermined intervals.

12, The solid electrolytic capacitor as set forth in claim 10,
wherein a metallic terminal member integrally formed with the

connecting element is provided like a hoop at predetermined intervals.

13, A manufacturing method of a solid electrolytic capacitor

comprising:

forming an anode oxide film layer on a surface of a valve metal
electrode at least where an element section is to be formed by

anodic oxidation;

forming an element section by layering a solid electrolyte layer
including at least conductive polymer and a cathode conductive

layer in sequence on said anode oxide film layer;

producing a flat capacitor element by forming an anode pulling-
out section on an exposed portion of said valve metal electrode

or on a dielectric oxide film layer;

stacking a plurality of said capacitor elements on a lead frame
having terminal sections to be used as terminal members and
electrically connecting said anode pulling-out section and said

cathode conductive layer to said terminal sections;
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14, The manufacturing method as set forth in claim 13

wherein said terminal members of said plurality of capacitor element

laminated units are electrically connected by laser welding. "



