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"~ MANUFA *coo0002* FIELD OF THE I NVENTION 5 The presentgg‘,
i nventi | || a solid electrolytic capacitor provided with a-olid
rmed of a conductive polyner, and its manufacturing

net hod. BACKGR®UND OF TS6IINVENEER U1, ¥iEe @f‘WG%r oss-sectional view
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of a prior art solid electrolytic capacitor. It 1s to be noted that a

t hi ckne f rANRAIS/MAMEFACTURIGG MBETHGDG 2 is exaggerat ed
TR

for the illustration. In FIG 2, valve netal 13 provided with a
. roughened s#pbace 15 | ayer 14 formed by an etching process is divided into

a anode | ead out area 12 anﬁlﬂ]ﬁaﬁﬁofﬁ%f%ﬁmﬁow ea 11 by neans of a

resist 19 applied onto the roughened surface |ayer 14. The capacitor
" el emen® area 11Ths rfreseed iomentisnr faeteoftot hesolodgblkenéexblgticl aepatiager 14

first by depositing,dielectric oxide. layer. 15 20 by anqdi zati on and then a
solid el e&&gﬂ@?%“ﬁ&@@rsﬁ&i el\e‘i:té?fc}'gﬁ lpﬁgléiforﬁe‘iﬁ’é %Cefl&\}%ﬁiVBaOﬁme&yer 18
in successifitsAnhR@fhct@fifbnabi{dpt shown in FIG 2) is connected to the
anode | ead out area 12 and the capacitor elenment area 11, respectively,

thus conpleting a capacitor elenent. Then, the entire capacitor elenent is
encapsul ated in a packagi i i Mi . It is known that
there are a nethod of eﬁé‘%gﬁé({)ﬂﬁx(%a’fﬁ%n% jr(:?gati on and a net hod of
chem dal oxi datFlgn ol yhewkzat i@eséRetdoRbngvidie 96 iad @liget hel Ydorid ayer

16. When the nethod of electrolytic oxidation polynerization is enployed, a

manganese PBHPHELF Afanacitorso It dsnt ben nalwhﬁbgt dh thickngise| eleerl oki de
| ayer 15 e}@g?é(ﬁ}%igﬁirﬁrese{r@ﬁ@(?lly Gd AHE! 218 éf%%eﬁqgﬁé&pg r e ftlnlquggganese

di oxi de | aye od of chem cal oxi yneritzation is
enpl oyed, dfhidlusotdttoel ectrol yte layer 16 is fornmed directly on the

dielectric oxide | ayer . 15. Wth sol i, | ect.rol ytic capacitqr as shown
in FIG 2, val U8 hica T15ebroung J\?tar%gsﬁemw _s%rrpagben%@esrur 4G s
di vi dag i NhoeAN 4af4ed B?%&%Eclﬁh??;g%o%g@?qs%iw@@cﬂﬁﬂ ﬁgrﬁﬂfenfea%r §6¢ 11 by a

resist 19. wever, solid electro ayer 16 1s y to creep to the
anode | eadireaitl 2aaed al@afacotnrt ¢lenvapaaicnockl dyemeens odracsesist 1 Arappdredyaps

between the .resist 19 and the roughened surface |ayer 14, often resulting
in causi ngonégﬁz’&ﬁo\'ilé%leﬂggIsé.llrfaocr? %3’6534@ ectrical breakdown. In order to

address the proterBapaditdr atleah@its adsa i NCrigasirged Neh RAtsulbadee’oT Mgt h of
resist 19, adopting a material having good adhesion to the valve netal 13

and the | iTR8ghayed suefpcealdy or Honbiv sl 8Yicten0§itﬁag digtsettis obidsi lRygsdd resul ts

for iQn: 1o AV ct} ' L r-at e
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i nvent i on aaidns sibveadplaims daybe 1f8oiregacogssponbl Anleaddtdrmih@l gnovistewn sol i d

el ectrol yt.i paci.tor and its nuf agt uri ng net hod, .in ich the
orobabi | 11 B0 AL 1t GRAAEE 1okt dhs aBpdedsan ol #each? id DodaPReiter out
area and cassentefeatiye ﬂe@?{e‘éﬁ%@@ MusaRo@lfetinigCal cRpLAIP M einnt.

remarkably reduced. In addition, the present invention provides a solid
el ect r ol ytikemcdpacintire esprditer plemugnicisuenerp swdeteddin whpatkagingaesimor sen a

Lo G RERIAiRE 350l Td el ectrol vt o capaci tor of fhe prosent
invention conprksi@sknown that there are a method of electrolytic oxidation
polymerization and a method of chemical oxidation polymerization in
forming the solid electrolyte layer 16. When the method of electrolytic
oxidation polymerization is employed, a manganese dioxide layer is
30 formed in advance on the dielectric oxide layer 15 and the solid
electrolyte layer 16 is deposited on the manganese dioxide layer.
When the method of chemical oxidation polymerization is employed,

the solid electrolyte layer 16 is formed directly on the dielectric oxide



(A) a capacitor element conprising: 26 a dielectric oxide |ayer fornmed on a
roughened surface |layer on a part of an outer surface of an anode body nade
of a valve netal; a solid electrolyte |ayer forned on the dielectric oxide
“ layer; a cathode fornmed of a conductor |ayer disposed on the solid electro
| yte layer, and 30 an anode | ead out area on a remaining part of the outer
surface of 2 t he anode body; (B) lead term nals connected to the cathode
and the 3node %ead out area of the capacitor elenment; and (C) a packagi ng
resin en 3%%5} ting the capacitor elenment with parts of 5 the respective
lead terminals ewngsgdofilelbdfolylitaitod £ SdwiP by IFIG. 22RARIC Mltl 14 he
present invention Is characterized 1'h having a first separation strip and a
second sqpavakeidomthtroughdrmdnadfae laygat4 isodivided indoighearededead autaresyer and

“also having an insulating materi al plied.onto t respective surfaces of
the firstlanB @eﬁ%ﬁ?&l@éﬁﬁ%@mowe@dfgg.a FRSRHr iﬁ-ngﬁgﬁ’%’ﬁr»tﬂ? dp‘ﬁ@%tﬁ‘hlﬁ’te

I nvents o .1 t r t ad out

area E50 ggﬁ%eigg% g%(?il Ve §r§l§%}t§tt#§)ré?mg%Z?@bw%?ﬁéwﬁn%oﬁghgﬁgggﬁﬂﬁi (%lg of an

el ectri caheht addel AWthiroudle gapd deededie thé kaliky 19Maid € roughendd eadhte

i nvention does not require the use of special jigs and processes and

provi des layenllidofeersesudtipgiin eansing defective mrutation o8amglectracalrggakt i vity

so far enjoyed. 15 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1A is a

cross-secti"6hal view of a capacitor elenent of an alum numelectrolytic

capaci tor in an BxekdekbYaddeadhasstobRim, ! iRhPitesAREs AduaRbadiNg the PatlB is a
partially enlarged cross-sectional view of separation strips 20 of the

capadi0t ortessh avidth of Fesit 19, adaptingos snatetial grgeod adhesiomtadhe yaled enent
of a i | ] . | yti i . DESCRI PTI ON PREFERR
eNBaD, veeih d3nd e hES bafp s RARE " Biven 3 TotecAmy Torboay

i nvent i oeghils 965 ﬁfaﬁﬁeﬁrd@ubﬂoﬁ 956&" S Gchievidie ?QBﬁv‘ﬂéIg&ivé: iﬁsliﬂat@&? RREAT Y

Enbodi rent FIG 1 shows how the a capacitor el enment of an alum num solid
el ec constantly, and it has been a big problem in view of costs.

The present invention aims to address the foregoing problem and to

156 provide a solid electrolytic capacitor and its manufacturing method, in which the
probability of the conductive polymer layer to reach the anode lead out area and
cause defective insulation or an electrical breakdown is remarkably reduced. In
addition, the present invention provides a solid electrolytic capacitor and its
manufacturing method, which do not worsen a good productivity so far enjoyed,

20 while solving the foregoing problem.

SUMMARY OF THE INVENTION
A solid electrolytic capacitor of the present invention comprises:
(A) a capacitor element comprising:
25 a dielectric oxide layer formed on a roughened surface layer on a

part of an outer surface of an anode body made of a valve metal;

a solid electrolyte layer formed on the dielectric oxide layer;

a cathode formed of a conductor layer disposed on the solid electro-
lyte layer, and

30 an anode lead out area on a remaining part of the outer surface of



30 trolytic capacitor in the first exenplary enbodi ment of the present
-invention is 3 structured. FIG |Ais a cross-sectional view of the
capacitor elenment and FIG 1B is a partially enlarged cross-sectional view
- of separation strips of the capacitor element. In FIG |A (~ indicates a
cathode area of the capacitor elenent, (~ indicates a separation strips
area and (2) indicates an anode |ead out area. 6 The cathode area (~ of the
capacitor elene h i S foy‘r&d_ of a roughened surface |ayer 1, which is
prepared by rou& &A1R88 BRA%| uni num foi | el ectrochenical ly, a dielectric
. oxide layer 2 fqpyaghPReAniidld 868nQled 16 the UIREAR afd thaCondRY Rhdlout? SO! i d
electrolyte layer"3 tforned on the dielectric oxide layer 2, a carbon |ayer
4 fornmed on the solarda ef €t caplagiter tleyemt3amhd a sil ver paint |ayer 5 forned
on the 10 carbon )| ayer 4. The separation strips area (~ is fornmed of, a

first separati ohch piagkegingieein qucapgidlatiog th capafor eiﬁm?%w@mt%fefr face
| ayer g1 ?Heﬁ?s %Eﬁi@ Eﬁ@t?%h’ﬁggﬁ%@d%a@émj er surface area in conparison

r e roughene

with the surface area o surface layer 1, a second separation
strip 7, which i'Bhd qulidtelecteslytic bapacitr of blee prdsent hfveneipariathafctdrided 6 and
has a nmuch _snal |l er. surface area than the first separation strip 6, and

i nsul at i A hasing a firstgsepppations sin end assacpnd separation stripdormedana part strip

6 and th d ti tri . 4l | at i .mat.er.d al 8, i Li gd ont
the 11 r ot 105 SPaeRERA eriR Ber Budofoh Routia A4 P RbRE apdinrial ey, ccs
as the Wogdtdtif relspéctivie’ stirfex89 of fHid @bt antiBcdhd gdpakBtibh Striyy. € U8bddsding
arrangenent, nmaking a "smaller surface area" of roughened surface |ayer 1

meandOt o te ébe @resentdnventigiora solid electole dayeridodsonot extenddd thy arvdesur f ace
rougheni reat ment by such steps . conpr essi .cut.tin lti and the
e ot s SRR do ot S eRw Bopticr Pherbt clowig bia PisbeBiity ofdpyen 1o
the specifdciricRBIeaRISWH toRAAUBE] FEmAPkaTISCt Mdkobdr! 8hd PadsehPRgvdd-ut € the
capacitor elenment. First, an alumnumfoil of 3 mMmby 4 nmnis subjected to
an el ect tionhdoesaxdt reguinerthepusecefsspecial jigs dwd protessesrand)peowddesarsblide | ayer
on the alumnumfoil .. Then, a dielectric oxide layer ,2 is foymed on a

our ace BlEGRE A REREHUI ShoRs Morsanyes the BOQRREVEY SAERARPES. by perfor i ng
anodiygation using 30 a 0.3 % amnmoni um di hydr ogen phosphate aqueous sol ution
under conditions of 4 an applied voltage of 12 V, solution tenperature of
70 C and period of 30 BRIEEDESCRIPTEHeNOETTHE BRAWINGSs then fornmed on a
predeterm ned p f the alumnumfail, .on which rolglghen d surface layer 1
is formed, by c ﬁés'ﬁ@rprw-%ecblpe VIRY of e fapeitor elewepbptpn gl n strip
7 is for Qf .t | j [ er

corpr casrBugy b Rk i df ot Blary RARALLREN LD MvARMI. o\
portions of the HGutBnism paxtiallyrenlargudrezsseshetivhalrvby of eoparition stripsual | y
no pQrous {)ﬁ)rtion,s on the part of second separation strip 7. Further, in
the gPes€h eLapaeitar olemepddi ment, a heat resistant silicone adhesive is
applied onto a f 9G he {f:i . i | r the
second 10 separ ?{ilbé%qgfa ??%S%t}%g{ﬁgﬁatvﬁévg? fé?é#%@?%ﬂ%@%%@%@??ga%ﬁggﬁgnto t he
adhesi veeldchelygivcapacitorng i nsul ating material 8. Accordingly, the cathode
area (X) and the anode | ead out area (Z) are separated from each other by
the first and the second separation strips 6 and 7, and al so porous

portions, which remaihd AN t he i nsul ati ng
material 8. 15 Furthms%%gwwgg@%ﬂe?i@ﬁﬁesi st ant
siligpne adhesi Vg theabHewins preferrady ciabodiahéite bf Ahe Pi8sdR Niakahiion agéri ps 6
and 7 as the_insulating materjal 8. Then, after the cathode area (X) is

i mrer seddeserbedovithuefgsencedo the dnawingsueous sol uti on and subjected to air
drying, followed by a heat treatnent for deconposition at 300 C for 10

m nut es, thereby produci ng a manganese oxi de |layer 20 that fornms a part of
the soli gy;@t BxbhiplytyCEBb&imeént Next, an aqueous sol ution containing 0.5
nmol/litre pyrrole nononmer and 0.1 nol/litre sodi um propyl napht hal ene

sul fonate is add@c. di dhowsahew the ascapeaeitoy elemrdrafan abimiyine splid atdcd est er

acti a H controlle 0 .adj ust. pH of, g, pol i zation solution for a
Sol 1 80 o1 Brofivtln crmcter i She Beeteralafy ombedishend oethe Shesdnt SaveBtion e o5
capacitor elenent is imersed in the polynerization solution and

el ectrolytic oxidation polynerization takes place while an el ectrode for

pol ymeri zation in contact with the surface of the cathode area (X), thereby
producing a solid electrolyte layer 33 ormed of a conductive pol yner

(pol ypyrrole). Then, a colloidal carbon suspension is applied onto the
surface of the solid 30 electrolyte layer 3 and is dried, thereby producing
a carbon layer 4. Asil 5 ver paste is applied onto the carbon | ayer 4
and is dried, thus producing a capacitor element. The carbon |ayer 4 and

e - b T — v -




5 for element while an anode lead is attached to the anode | ead out area,
-and then the capacitor elenment thus provided with the |eads is encapsul ated
by an epoxy resin with part of respective |ead term nals exposed outsi de,

- thus conpleting the production of an alum numsolid electrolytic capacitor.
10 Second Exenpl ary Enbodi nent An alum num solid electrolytic capacitor is
prepared in the sanme man ner as in the first exenplary enbodi nent except

for producing second separation strip by a | ting, and, solidifyin
r oughenedteigiasede HIG-HA 1§ mﬁmswmna{ BYEvE of gfeema&ttﬁr ﬁl%@nt@«i}?ﬁl@d

- the. s HERAERRTETY R TSRO A i bt SEHP bl e cpbp B o
produci ngl&gertd EPPK&.aIAPg%ihﬂicﬁte?s ¥attRls wred of tiee E4pieitenelbnieritf e | ayer
-of the alumnumfoil by a scraping to nake the base materi al of the

al um numindichtesyeqpsepatation stries areeemdn(ZEueligdtes anemoddleashoutiareal uni num
solid_electrol ytj.c capagitor | repared.in the sa man.ner as Jn the
firstPexenplary %ﬁ%ﬁﬁéﬁ?r@@dﬁ tﬁgf’aﬂ%‘iﬂr?ﬁ ei%m?%’{?r&%mﬁ% oﬁﬁtrgpgféqneé{—: 8 an
i nsul at i SEY | nﬁ# G®8m 1l ration
strip 6 gﬁﬁﬁ? %%;%016?%:?5?;%@%??%@%& d%iirtgs u%‘%@%}fjﬁ?gﬁ@%% nt
used her eallg, adjadachtic pxa yat 2forimed qmod at e reaghe irfegedayex mai n
i ngredient and _this ainlt is_agpplied bﬁ' n,"IM-rMink jet nmethodq (using
EXCEL170ib §@dii€2w¥93yﬁel piERy & fgrmeghor the &}Sﬂﬁt%ﬂE?&gﬁllaYV ORI
2 U Sl G A RAORCT B olhoPS SRS RE BRI 2 |1
the pol ywarboralalye4sol ution for formng a solid electrolyte with ethylene

di oxyt hi ophene 5 nmonomer. Sixth Exenplary Enbodi pent An al umi num solid
el ectrol ytic capths separpiop stpne édea AY} fefarmad ol it separatiopestripy 61

cr T 2 S BERSF LA o CSAEPhLopREL BELAR BB ABPHERmbRn o o o
el ect r ol Hag awirhhlleoslifatedada G lcopipaeizen witlo Blad Surface area of the roughened
surface layer 1, a second separation strip 7, which is located on a part of the first

15  separation strip 6 and has a much smaller surface area than the first separation
strip 6, and insulating material 8 applied onto a surface of the first separation
strip 6 and the second separation strip 7. Insulating material 8 is applied onto
the first separation strip 6 so as to have the width thereof a same or less as the
width of the first separation strip 6.

20 In the foregoing arrangement, making a “smaller surface area” of
roughened surface layer 1 means to reduce a porous portion of an aluminum foil
created by the surface roughening treatment by such steps as compressing, cut-
ting, melting and the like method applied to the porous portion.

Next, a description is given to the specific methods for producing re-

25  spective parts that constitute the capacitor element. First, an aluminum foil of
3 mm by 4 mm is subjected to an electrochemical etching process, to be formed a
‘roughened surface layer on the aluminum foil.

Then, a dielectric oxide layer 2 is formed on a surface of the

roughened surface layer 1 of the aluminum foil by performing anodidation using

30 a 0.3 % ammonium dihydrogen phosphate aqueous solution under conditions of



Wth the solid alumnumelectrolytic capacitors thus prepared in the first

t hrough sixth exenplary enbodi nents and also with a prior art solid

al umi num 15 electrolytic capacitor, data on electrical characteristics and
ayieldin ternms of | eakage current, which are fundanmental parameters for
this kind of product, are neasured and conpared. The results are shown in
Table 1. The rating of the capacitors is 6.3 Vin working voltage and 47 w-
in capacity. Each respective value in Table 1 is an average of 200 sanpl es.

20 Tabl e Pnppplisdvadagagel? ¥, doliwion empsraiireap 40i°Cand @etiodFpr3Qmingtesur r ent
. After 2 Mnutes..(~, A) Leakage. r.e % Enmbodi nent 6.81.20 . 0.9
o7 Embodi mont - 5L FEPRB0 PG it d St P s OB 1 E e QoS BiD it Shiihe
~ 446. 91. 20-aﬂﬁﬂﬁﬁﬂmngicM&lghén@s&%&@ng TBitedd B - Bhpilisof ARBLr i or
Art47.31.41.03181 7 As clearly seen in Table 1, the alum num solid

el ect r ol ytressiigpadiurthers & pecond separstion tstriu ghiss formedeste rip pant yolethgoliistrent s of
the present inventjon.show alnpst the sa f undanent al,,.gl gctri cal

char acber PeRtrIST St By Pl Romple SR By doPRETBRectrfh Ebt s ¢ or)
but, regargper@ion oyt Glethdrous poriiBne of ltea kRgn@Hrfofl 4réWompkdseed! therebym sol i d
el ectrolytic capacitors of the present invention show a better results than
the prior rempinggyxistualy ng poxowe mortiens an dhe)|party ok seread msatratiom stiblous

portions Al i S : fLrst
separat i o(r%J S rgﬁe’ﬁﬁléh%hgf@%}ﬁ]e&ggigén %ggo(g%‘%ﬁ’o%%gi&ﬁé %égﬁ# %?{(r:r@c/f %@Eg%lr:rﬁgessi on
by the pr applicth oatod aadusfacdyftthe fims wefhbationt sthip Gedoess & cBverTthesseebhdws t he
Ieakagg current to be_su prsssed 1o the |l.ow est possi IedLleveI ince a

cat hod8 mafRARUAN BEPH7 FEF i PeRJENEANbIAPS IBANPRRATG 9RiotPERIBET VR i BFFeBhd
| eading  Gofite HAAMRing ifleiifl B! Rebsidingy HSOLRRIRO! (DMMGKL BAdd Bhd N

resi stance between the cathode and thé "anode. | n addit’ion, as are shown in
t he secondubarga () ard sepeaatpd fom each othier by thefitss andvbersecdnd ssparetich stupsir at i on

strip 7 is fo d.by the nelting and solidify ing.by a |aser cessing or
by removi Rt WOrARRPERY PSR S i @ PR P A PKET cat hode
mat eri al tyy thOmsaRaAenstaRl 8s simlarly bl ocked. Accordingly, whatever

nmet hods are enpl oyed, the provision of the first separation strip 6 and the

secondSsepar at ifwthet, ra peat regiptant e e¥ith 8 haspresistant Haligpne | aghesivaareated i num
oo L PSRRI P o AP okl e or .
Then, after the cathode area (X) is immersed in a 30% manganese nitrate
aqueous solution and subjected to air drying, followed by a heat treatment for
decomposition at 300 °C for 10 minutes, thereby producing a manganese oxide layer
20 that forms a part of the solid electrolyte layer 3.
Next, an aqueous solution containing 0.5 mol/litre pyrrole monomer and 0.1
mol/litre sodium propylnaphthalene sulfonate is added with water, a solvent, and
propyl phospheric acid ester acting as a pH controller to adjust pH of a polymerization
solution for a solid electrolyte to be a pH value of 2. The cathode area (X) of the
25  capacitor element is immersed in the polymerization solution and electrolytic
oxidation polymerization takes place while an electrode for polymerization in contact
with the surface of the cathode area (X), thereby producing a solid electrolyte layer 3
formed of a conductive polymer (polypyrrole).
Then, a colloidal carbon suspension is applied onto the surface of the solid

30 electrolyte layer 3 and is dried, thereby producing a carbon layer 4. A sil-



i nsul ating polyner paint is used as the insulating material 8 in place of a
heat resistant tape and, upon drying and solidifying the insulating polyner
pai nt, alnost the sane results with the heat resistant tape can be

- obtained. Although 25 an ink jet nmethod is enployed to apply the paint in

t he foregoi ng description, such nmethods, as a generally used paste applying
met hod, as a printing nethod, a spray nethod and the like are arbitrary
used. As seen fromthe results qf th

enbodi meRELDALE danplR WHOHhAS 61 4 215 Biktut s HRABHRE ACoRAgi- he

ik 1030 I : ' j I ,
al st ¢ Bl TRECRA, M £ BT VR Tenf 1ayRl & R e

descri pt coxidudiort lagef t £30¢ Ag acuthgiedeyd euabasbanent s i s descri bed based on
“the solid electrolyte layer 3 that is forned by the electrolytic oxidation

pol yneri zat i on, Fanalls i eathodslead: s @ittasbed e the eandicterlaype of thecapacs

form pg the.solid electrolyie l 3. instgad. lnqthe f ] |
enboct vekteclegenh sk S SdlenRiE huuaehd LR ARCndb 1bAT pLORRIL Rl BFE ™,
met al  setles bgshcitod BldméntdiRisprovidedWith tRb 164 disWRcapsulaid gfﬂaﬁmiaokyt ani um

or a conposite or an alloy thereof are used. 10 As descri bed above, a solid
al um nunredintitlopgrti of resgeative deadterntinalsrexpesad duteisie; tlows conpletingtha
capacitor e]enent .t hat conprises, ,a.cathode forned of a dielectric oxide

| ayer, apg%*FﬁmBF%EP P??ﬁgmﬁ?ﬁﬁ‘%ﬁﬁ“@wabﬁﬂﬁwpﬁP | ayer fornmed on a part of
the outer surface of an anode body formed of a valve netal, on the surface
of the valve netal a roughened surface layer is fornmed by a roughen 15 ing
proc#@s, dHetond Exengdaryclmhbodimentea provi ded on a renmi ning part of the
outer surface of the anode hody. On the roughened surface_|ayer, a first
separation stri gt &UERIBuE: S el&ﬁfaabrtwma?lgﬂrdsmea%éém the AR MAea and

the cat hﬁglea@{t?ﬁlﬁﬁ'ﬁt eﬁéﬁgfafrg é&?ﬁﬁﬂ?ﬂm £ Qﬂeﬂz g@@ﬁg?&%}%&rﬂ{ Qéﬂﬁgﬂ?ﬁnd an

i nsul ating materi I's ap onto the su I rst "an e
second sefrip dthyonnsdlting and Soldifyingt rodghemet] sindfaceeafdind sdaepvnain foil st 4i ps
together with the insulating material prevent a conductive pol yner, which
serves alasermachinipde naterial, from creeping into the anode | ead out area,
thergby allowing the possibilities of extending of the solid electrolyte

| ayef to the anode | ead out area, which may cause defective insulation or
an el ect r iThrd PxedplowEmbedigenteduced significantly. Furthernore, the 26
manuf acturing nmethod of the present invention does not involve any conpl ex

processes, ther dnalamigwmeolibeleetrelyticicapasitords paepareddnghe same masduced

wi t hout ni [ td. Vi S f nj . ~0 9
What 1's EPLEELARART SGRLLRY Skeb bl ©iRoRiERe Mol A RIGH)
capaci t ostril) Gnbptreatovidig $hedouphendll shiefats ilgyerxofichd afemihwinnidl bp & part
of an outer surface of an anode pog¥ of a valve netal having_ a roughened
sur f &e saaping teanake thebass matexiad of the gluminymfoikexpeserl owtsids. d di el ectric
oxi de | ayer; a cathode fornmed of a conductor |ayer fornmed on said solid
electro lyte layer; and

Fourth Exemplary Embodiment
An aluminum solid electrolytic capacitor is prepared in the same man-
ner as in the first exemplary embodiment except for using as insulating material
25 8 an insulating polymer paint applied onto the surfaces of the first separation
strip 6 and the second separation strip 7.
The insulating polymer paint used here is a paint prepared with a
polyurethane resin serving as a main ingredient and this paint is applied by an
ink jet method (using EXCEL17 OiT;upplied by VIDEOJ E’IT)M



10 an anode | ead out area provided on a remaining part of the outer surface
- of said anode body; (B) lead term nals connected to the cathode and the
anode | ead out area of said capacitor elenent; and (C) a packaging resin
encapsul ating said capacitor elenent with parts 15 of said lead term nals
exposed outside, wherein a first separation strip and a second separation
strip are formed on a part of said roughened surface layer, and an

i nsul at i i i i ed on the surfaces of said first and said
second sgﬁgﬁ{eﬁwﬁ&ﬁ'ﬁ'ﬁg&'ﬁ%% The solid electrolytic capacitor according
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surface layer. 4. The solid electfrolytic capacitor according to claim1l,
wher @ n ®@ne@Meecond separation strip is one of a conpressed first
separation strip, a nmelted and solidified first separation strip and an
exposed base material of said valve netal. 5. The solid electrolytic

capaci toSixttcEmrd'piagl Emboti'm'mntl, wherein a width of 30 said insulating
material | oca ai,d.cathode d.said de, | ead out 10 area is
equal to or s’hﬁgll ?1°| CAEQEV“ 4 3?‘2"%'?%@@%@5‘?‘&?@8? ‘E‘?PB‘* e ar ger
than a wihdt hfiref deae:ﬁpmﬁoredﬂﬁ?mmtti on éxbebtp fo@ répacingl l@bd@umcltpmb yitic f
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froma group consi stl ng of alum num tantalum niobium zirconium and
titanium and e i replyyti c
capaci tor acchrth oo gand BIRhingh SechBNEERRoR, niToRBaI L o TR 3
foil. 9. thrughssixthd ee(empﬂamlgmb@dlmp&caﬂdrala@omﬂmangnoroadl atblmi aluminemei n

sai ol r a

dor 152t 1 Sl sbHir HEEL dnP slefic SRS, Cand R Yish 37 e
capaci t okeakagengurrentagrtiibie asé e‘psdarheﬁt‘él rpacegheterm@orattmukfrﬂcef pfoctuct/adame

netal; fornmng.,a djelectri er on sai d hen sur.fac sai d
Dol oo metapsiBaratd, Satphled Fheofesby Fra Aok TaHE Fohee HtbBSd, P o
sai d val ygpacitors is 6.3 V in working voltage and 47 pF in capacity. Each respective value

in Table 1 is an average of 200 samples.

20
Table 1
120 Hz Leakage Yield in terms of
Capacitance tan & Current Leakage Current (%)
(pF) (%) After 2 Minutes
(nA)
Embodiment 1 46.8 1.2 0.097 97
Embodiment 2 46.7 1.1 0.091 98
Embodiment 3 46.8 1.3 0.095 97
Embodiment 4 46.9 1.2 0.090 97
Embodiment 5 47.1 1.2 0.082 98
Embodiment 6 47.0 1.2 ‘ 0.087 98
Prior Art 47.3 14 1.031 81




netal, said first separation strip separating an anode | ead out area and a
cat h20 ode; form ng a second separation strip on said first separation
strip; providing an insulating material on said first and said second

- separa tion strips; formng a solid electrolyte |ayer on a surface of said
dielectric oxide 26 layer; formng a conductor |ayer on a surface of solid
el ectrolyte layer; bonding lead termnals to said anode | ead out area and

sai d conductor | X e l,atq i i ng
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0" 1028°C8an Jink !jétl Petdd\&s employedlid @il dthie) paintan the foregoing description,
WB! X#109&' () - s$! \ #109&' ()-s$ k#10%EG&' ()-s$ .
y@#lO‘Vm&S‘E()h( %lsﬂmifome%ra}b«. wserongote ﬁg))E@%‘g method, as a printing method,

a spray method and the like are arbitrary used.
As seen from the results of the fifth and sixth exemplary embodiments,

even when such heterocyclic compounds as thiophene and the like are used in

30 stead of pyrrole as a material for conductive polymer, almost the same results as
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Although the description in the foregoing exemplary embodiments is
described based on the solid electrolyte layer 3 that is formed by the electrolytic
oxidation polymerization, a chemical oxidation polymerization can be used in

b forming the solid electrolyte layer 3, instead.

In the foregoing exemplary embodiments, although aluminum is used

as an example of valve metals, a metal selected from the group of tantalum, nio-

bium, zirconium and titanium, or a composite or an alloy thereof are used.

10 As described above, a solid aluminum electrolytic capacitor of the pre-
sent invention comprises a capacitor element that comprises, a cathode formed of
a dielectric oxide layer, a solid electrolyte layer and a conductor layer
formed on a part of the outer surface of an anode body formed of a valve metal, on
the surface of the valve metal a roughened surface layer is formed by a roughen-
15  ing process, and an anode lead out area provided on a remaining part of the outer
surface of the anode body. On the roughened surface layer, a first separation
strip to divide the anode body into an anode lead out area and the cathode area
and, also, a second separation strip are provided and an insulating material is
applied onto the surfaces of the first and the second separation strips. The first
20 and the second separation strips together with the insulating material prevent a
conductive polymer, which serves as the cathode material, from creeping into the
anode lead out area, thereby allowing the possibilities of extending of the solid
electrolyte layer to the anode lead out area, which may cause defective insulation
or an electrical breakdown, to be reduced significantly. Furthermore, the
25 manufacturing method of the present invention does not involve any complex
processes, thereby allowing solid electrolytic capacitors to be produced without

worsening the good productivity that has been so far enjoyed.
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9l 110%& () -/ #10% & sp)l electrolyte layer formed on said dlelectnc ox1de layer
a cathode formed of a conductor layer formed on said solid electro-
lyte layer; and
10 an anode lead out area provided on a remaining part of the outer
surface of said anode body;
(B) lead terminals connected to the cathode and the anode lead out area
of said capacitor element; and
(C) a packaging resin encapsulating said capacitor element with parts
16 of said lead terminals exposed outside,
wherein a first separation strip and a second separation strip are
formed on a part of said roughened surface layer, and an insulating material is

disposed on the surfaces of said first and said second separation strips.

20 2. The solid electrolytic capacitor according to claim 1, wherein an area of

said second separation strip is smaller than an area of said first separation strip.

3. The solid electrolytic capacitor according to claim 1, wherein said first

separation strip is one of a compressed roughened surface layer and a melted and
25  solidified roughened surface layer.

4, The solid electrolytic capacitor according to claim 1, wherein said

second separation strip is one of a compressed first separation strip, a melted and

solidified first separation strip and an exposed base material of said valve metal.

5. The solid electrolytic capacitor according to claim 1, wherein a width of

30 said insulating material located between said cathode and said anode lead out

10
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metal, said first separation strip separating an anode lead out area and a cath-

20 ode;
forming a second separation strip on said first separation strip;
providing an insulating material on said first and said second separa-
tion strips;
forming a solid electrolyte layer on a surface of said dielectric oxide
25 layer;
forming a conductor layer on a surface of solid electrolyte layer;
bonding lead terminals to said anode lead out area and said conductor
layer; and

encapsulating said valve metal by a packaging resin so as to make
30 parts of said lead terminals exposed outside.

11
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9" (*>, T- 1@13452551555%611?@5 amethod of solid electrolytic capacrcors according to
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10 separation strip.
14, The manufacturing method of solid electrolytic capacitors according to
claim 10, wherein said second separation strip is covered with an insulating
polymeric material and a tape like insulating material is adhered on a surface of
said first separation strip.
15 15. The manufacturing method of solid electrolytic capacitors according to
claim 10, wherein said insulating material is an insulating polymeric material.
16. The manufacturing method of solid electrolytic capacitors according to
claim 15, wherein said insulating polymeric mainly consists of a polyurethane

resin.

2 17. The manufacturing method of solid electrolytic capacitors according to
claim 15, wherein said insulating polymeric material is applied and solidified
paint.

18. The manufacturing method of solid electrolytic capacitors according to

claim 17, wherein said paint is applied by one of an ink jet method, a coating

25 method, a printing method and a spray method.
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