21 Novenber 2005 SOLI D ELECTROLYTI C CAPACI TOR AND | TS MANUFACTURI NG METHOD
- FIELD OF THE I NVENTI ON The present invention rel ates to 'a solid

‘el ectrolytic capacitor provided with a solid el:ectrollyNevimye206dr ned of a
conductive polymer, and its manufacturing nmet hod. BACKGROUND OF THE
| NVENTION 10 FIG 2 sho r rior art solid
el ectrol ytic capacitor. \@Elﬁ ?%E@qﬁ t \@[‘KWAtQE]Iﬁ?(ﬁess of each of -
respective layers in FI@HI@SCM&MJPZMIS‘[HXHQ@NEE'BHG}N t he purposes of
illustration. In FIG 2, valve netal 13 provided with a roughened surface
15 layer 14 formed by an etching process is divided into a anode | ead out
area 12 and a capacitor ele a resist 19 applied
onto the roughened surface Irﬁg;%“ﬁﬁlﬁ%%q%qapac el enent area 11 is
formed ®n , ‘a sThtapeentt hﬁreﬂtmtghemdsswfaacsmlichycdecﬂréhfvuwsmﬂapltor

depositing dielectric oxide |ayer b odi zation _and then a solid
el ect r ol yt BroHed Wet% % 5@ %‘ﬁCFYé’Q&?@ hamrf%r %4d Péérc%‘}ﬁtl‘ff‘a%py@Bfii n

successi Onaéné"l{seﬁ‘lnh%é@d?%g Qhoghown in FIG 2) is connected to the
| ea '

anode. out area .12 and the capacitor elenent area 11, respectively,
thus conpleting a capacitor elenent. Then, the entire Qapaci tor elenent is

encapsul ated in a packa 5 I s known t hat
there are a nethod of e%&gﬁgbmﬁxpgy?ﬁlﬁp\gﬁﬁhﬁ;ﬁrgauon and a net hod
of cherg cal oxigpti op RAbWErd Z@Eds@ﬂsédﬂiorﬁﬁr jieg the §0Pi~ﬂ)re|a‘%€t§6’hbite
| ayer 16. Wen the nethod of electrolytic oxidation ymerization is

enpl oyed, alenﬂhvéaheseaﬂN:lmlde Itajseito | ke 3mtedr thed anthadlm&:ﬂse06matdheof
‘dielectric_oxid t he Lectrol 16 i s deposited
on the. maisansst v Sert G T WEEIC, IS Enaleden i e Birbseron
pol yner i zagf HMuétsagbRnl oyed,

| In FIG. 2, valve metal 13 provided with a roughened surface

16 layer 14 formed by an etching process is divided into a anode lead out
area 12 and a capacitor element area 11 by means of a resist 19'appli'ed
onto the roughened surface layer 14,
The capacitor element area 11 is formed on:a surface of. the
roughened surface layer 14 first by depositing dielectric oxide layer 15
20 by anodization and then a solid electrolyte layer 16, a carbon layer 17
and a silver paint layer 18 in succession. A lead terminal (not shown
in FIG. 2) is connected to the anode. lead out area 12 and the capacitor
3 element area 11, respectively, thus completing a capacitor element.
Then, the entire capacitor element is encapsulated in a packaging resin -
25 by resin moulding.

It is known 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 polymerizatiori is employed, a manganese dioxide layer is

30 formed in advance on the dielectric oxide layér 15 and the solid
electrol.yte 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




the solid electrolyte layer 16 is forned directly on the dielectric oxide |
21 Novenber 2005 layer 15. Wth a solid electrolytic capacitor as shown in
FIG 2, valve netal 13 provided with roughened surf aZleNbegmarer 2005 s di vi ded
into an anode lead out area 12 and a capacitor elenent area 11 by a resist
19. However, solid electrolyte layer 16 is |likely to creep to the anode

| ead out area 12 fromthe capacitor elenent area 11 through gaps between
the resiglyei9s5and the roughened surface layer 14, often resulting in

causi ng def ective insulation or an electrical breakdown. In order to
address the probViéma s;:tl@ebctrelymcscwcmnraseshomgl thEIGp2s valve med h of

1 d mat toth I t al
and the 13 REoRG BB Relenédsiiver Tar 14 A ieed e spodfieioq
resul ts bt af@m) Hﬁ&%“ééﬁé&ﬁ‘tok%‘lénaﬂfga%%hl ?\Hyn@ résitY9 dHfo%v‘eYesolid‘sm ation

rate constantly, and it been robFemin view of costs.
present ¢lecarnlytodapembo iolikdgr esereepdofibe agodeadest obt emaa}ihfrdnmtlpe OVI de a

lid electrolyt t it t h th
o1 obabi | FARACPTtHETEORATER b BOPysloSatay BEOVFT dhereehb Lhad f8ad  out
area andydiphehel St fide Ry gul %tﬂeﬁ”re%lt i fhdihe UePPAL Mt

y Teduce I'n vides a solid

r emar kab adltlbn t he ent |nvet|on pro
el ect r ol ¢t aw elempriciltbrealedaivint s manuf acturl ng. method, which do not worsen a

SORSMB B e ) g bl BN BB R T
provi deds gl witith G e a gfs@'wt 'aﬁo@ﬁﬁg% dffﬁf‘%@%%hﬁ%%’od(ﬁh@“ﬁ?ﬁimé or

el ement ‘conpri si ng: el edtr on a roughened surface

o ayer onvave paetal of3 andothteehke Uraveclecen neadeariddweben]yit rmdmtoéasgr tal ve

metal ; a.,solid electr te |layer fornmed ontrcl electr delayer a

ot hode 908064 Tavul icman PagaRcten i endopchingingcd 1o dlefeetive
insulation rate constantly, and it has been a big problem in view of costs.

The present invention aims to address the foregoing problem and
to 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, while solving the foregoing problem.

SUMMARY OF THE INVENTION
According to one aspect of the invention, there is provided a solid
electrolytic capacitor comprising:

(A) a capacitor element comprising:

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-

Iyte layer, and
an anode lead out area on a remaining part of the outer surface of
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| yte layer, and an anode |ead out area on a renmaining part of the outer
surface of 2 21 Novenber 2005 the anode body; (B) |lead term nals connected
to the cathode and the anode | ead out area of the calbadetambee280®nt; and
(L) a packaging resin encapsul ating the capacitor elenent with parts of
the respective |lead term nals exposed outside, wherein a first separation
strip and a second separation strip are forned on a part between the
cat hode and the anode | ead out area of said roughened surface |ayer, the
second separ athedoge bpdybei ng superinposed on the first separation strip,

i d second e Thfbiodls {EnseARTIG NG Seliise BACRF ABalcsPRl Al hopect o

the presgh ofiNeBApHordlefiOht: ng! ectrol yte layer does not extend to the
anode | ead out area to cause "defective insulation, thereby allow ng the

probabi l ity ofC)arpaskeging resin ervapsikidting the ciypacited ebadentendth pablsyof Mor eover ,
using the present invention. does not necessarily require the use of -

speci al @Fggsmvﬁﬁ?ﬁfﬁ@@ém&ﬂﬂx??ﬁeaﬁ‘ﬁ@gea solid electrolytic capacitor

wi thout wor seghBghinhe P ddphiation sy ARl 2CRbOYRE sepRARGH! Bgid ar@ second

aspect of the present 1nvention, there I's "provi manuf acturi hg net hod

of sol i dicehnext owlaypart betwaen tthe catode and nige ahbde despoudfares ofighddi ng a

sur face ofuggpvaqllve till X fa{ﬂm n%ﬂg di el ectric, oxide |layer on said

r oughend@U&HENEE SUHACE 42y, the SRCOopE eParatihsialp beingrpesappesedi @h strip on
sai d roughe e Ofc - .Sg) I , Ll f.LT 9 rafi strip
separ at ﬁ%g g}%&a?\%{cﬁé‘gﬁg%ag t%lgt adnglr \ég iéi:sg T%[h?c%tlﬂ%%g{;gl flgrﬁkﬁéggégglc 5%%

separ at i surfavies iof saidl St dnflisakRl secondrsephmition! $tiips.

According to an embodiment of this aspect of the present invention, a

solid electrolyte layer does not extend to the anode lead out area to cause
defective insulation, thereby allowing the probability of an electrical
breakdown to be reduced remarkably. Moreover, using the present invention
does not necessarily require the use of special jigs and processes and
provides a solid electrolytic capacitor without worsening the productivity so
far enjoyed. |
According to a second aspect of the present invention, there is

provided a manufacturing method of solid electrolytic capacitors comprising
the steps of:

roughening a surface of a valve metal;

forming a dielectric oxide layer on said roughened surface of
said valve metal; |

forming a first separation strip on said roughened surface of
said valve metal, said first separation strip separating an anode lead out
area and a cathode;

forming a second separation strip on said first separation strip;

providing an insulating material on said first and said second
separation strips;

forming a solid electrolyte layer on a surface of said dielectric

3




providing an insulating material on said first and said second separation
strips; formng a solid electrolyte |layer on a surface of said dielectric 3
21 Novenber 2005 oxide layer; form ng a conductor | aydrNaownbes2@dsace of
solid electrolyte layer; bonding |lead termnals to said anode | ead out
area and said conductor layer to forma capacitor elenent; and
encapsul ati ng said capacitor elenent by a packaging resin while |eaving
parts of said |ead term nals exposed outside. BRI EF DESCRI PTI ON OF THE
DRAW NGS o 1ayer; s a cross-sectional view of a capacitor el ement of an

al um num el ectyol ytic capacit in an ex | ar.y di t. of the present
Mvent i on. | Fi Eorplg fCRRRter Taves ofrh SiaRe S sobecdeeRlue Toveh of

separation _Stidn@tn®!IchlC GRS @b ShRIodeMéad %uts ofef AR -2 | onal
view of a capacitor elenment of a prior art solid electrolytic capacitor.

DESCRI PTicoNdoetd?REFERREDDIEVRCERAPEENTS dlemene, 4md | owi ng, preferred

enbodi nents of the present .invention are described wi.th reference to the
dravi ngs. Fi r SRCERSHBTAE,SAHRARIGHOT BPment b avRAGKABINE FeRITk FIHIS t or

el enent g, iR qlAtR BPEiA0lchd 1BhRfialt eQpYkha ofdRAEI LOr in the first
g I ment of t

exenpl ary e e present invention 1s 3a 21 Novenber 2005
structured. FIG 1A is a cross-sectional view of the capacitor elenent and

of the capaci tor et DEICRI RO ik ARAWIYS cac hode area of the
capacitor el efgft 1A Y}s a cross-sectional view of a capacitor element of an
aluminum electrolytic capacitor in an exemplary embodiment of the present
- invention.
_ FIG. 1B is a partially enlarged cross-sectional view of separation
strips of the capacitor element.
FIG. 2 is a cross-sectional view of a capacitor element of a prior art

solid electrolytic capacitor.

DESCRIPTION OF PREFERRED EMBODIMENTS
In the following, preferred embodiments of the present invention are

described with reference to the drawings.

First Exemplary Embodiment
FIG. 1 shows how the a capacitor element of an aluminum solid elec-
trolytic capacitor in the first exemplary embodiment of the present invention
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I'ndicates a separation strips area and (Z) indicates an anode | ead out
area. The cathode area (X) of the capacitor elenent is fornmed of a
roughened surface layer 1, which is prepared by roughieNovgn=a2e¢un num
foil electrochem - cally, a dielectric oxide |ayer 2 formed on a surface of
t he roughened surface layer 1, a solid electrolyte |ayer 3 forned on the
dielectric oxide layer 2, a carbon layer 4 forned on the solid electrolyte
|l ayer 3 and a silver paint layer 5 formed on the 10 carbon |ayer 4. The
separ at i shrustuieds &FI& 1AYis 4 erobmeentibnal viewl of the cappeitat diomeat bhd FG. Whi ch

S Iocaﬁragi on a patt rogghened surface layer 1 on an alum numfoil and
has a s Ba @ CHSES H@HFPW\P WP@F@J@Hﬁﬁ’w@féhQ:aaRﬂcﬂohe

roughene 7 whi.ch i cated
on a par tgl giéij rst%@para %ﬁ%e%{ ﬁ aﬂf?&'ﬁl?ﬁﬁ ?é&?surface
area thamdzb@teéar@paﬁ&ib&r@ﬁp@%m@hhdl@ﬁndﬁﬁ@es'é}ﬁﬂﬁ@dé B4d o8t ard2! 8 applied

onto a surface of the first separation strip 6 and the secon separatlon
strip?7. | nsul aflhegathade axen &) pbthepspactonelcment iwforimestof sepashthah strip

6 so as t her eof. asa or less as the, width of the first
separ at i %W'% f"‘b’ ‘i \\%thh[}stpﬁ%pqrgflg)goqo uﬁgﬁM Gr it er
surface gglBa'a Akl gﬂ{gﬁg@ 1 cérﬁf’@

portion of arell al S(r:n num f oﬁ?’efgrfiélgﬁg% hﬁ% surtace gﬁ%ém ngcgﬁ‘[’lgat ment by
such st epsa aelid elepirelyse lB;reréiﬁ)rmEdmg,thﬂfEhélemmmﬂélagei’ Qkﬁcmmld &ppl i ed

to the por,ous ort n desc nis given_to the speC|f|c met hods
for " prod%é‘?r%e Q@&Ieﬁgﬁﬁrpﬁ@e Eﬁﬁf’?’sgo ‘illlfg@ %%P@Mﬂ@fartﬁefmdmnthe
el engpt . cfihbs i e?rll alumnumfoil of 3 mmby 4 nmis subjected to an
el: ectroc%em caéf etching process, to be fornmed a roughened surface |ayer on

t he. al um num fo’i[‘he séparntion sliripseioni ) aX ifslend BYLA first Se %@a‘ﬂﬁﬁ Sfipe,sur f ace
of the ed surface layer 1 of .the al um numfoil performng

anodi dat‘iV ‘Pfﬁ‘ tedson 2 pars o Wd@@h@&%@@m@a&h&:mcf
S0 o R i RS B8 8B i gt 2 ¥
strip 6 surfdchdaydrar, HRskeond SefRiratieh atih TeHhRM is 166atbd 6n 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 ai'ea” of

roughened surface layer 1 means to reduce a porous portion of an aluminum foil

R

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




alum num foil, on which roughened surface layer 1 is formed, by conpression
by a pressing. Further, a second separation strip 7 is fornmed on a part of
the first 5 separation strip 6 by another conpressi dil Nyveanhes 2883 ng. Wth
t hese series of operation, nost the porous portions of the alum num foi

are conpressed, thereby remaining virtually no porous portions on the part
of second separation strip 7. Further, in -the present exenplary

enbodi ment, a heat resistant silicone adhesive is applied onto a surface
of the fi raatappbi@bveltagenf $2 M, polGtiswicatpetaure 0f 0 °Chad pasanst ImarRRar at i on
strip 7 and a heat resistant tape is attached onto the adhesive, thereby
form ng i nsul athiffy sspatation sty 6ads dhan dgmied phea quedetrdminade part XOf thed t he

ode | . t by the.first and th
cecond sopliithntol oh il foufR el FOR £3¢ HorflefChy PipbSsing bR s i 1
in a mni puessiagpuBurthar @ kdconk adpariort keip Msisl RinnBd iRk Sparlbf She Host

Furtheg, a heat resistant tape with a heat resistant silicone adhesive

coat ed® t FEREHIIENIPHE R0RBotREr spmpressian hyr atpresing r i\Wh ahesedsetieawft he
i nsul ati ng,paLsti @ =) -1y "“]Rg§ X .S, rsed in a
30% man-gangse lﬁl?’t rgsftgmg &;2%% 02% lgst ?%ﬂ]%aaﬁg subj (g@! g% %%&%ﬁe%eﬁggﬁ% f y

foll owed bymainingatirtunkiytnoepdrodo portibes wmpdri pardrof aec@0 sépatAion18ripi 71Ut €S,

t her eby pi:(t)’ﬁgci n]g a manganese oxide |ayer 20 that forpgs a part_of the
solid ele Ty {1 theaprepens oxpaplary ebodinenty hiost wesisant sdliconr Arhesive. is

mol /11 treapdhedr ghtS ARRATRS of Mk Pirst sepTRlibh s g?659cg'a‘s'% VePYA3RR G2l ene
sul fonate 1's added with water, a soﬁ eent, an propyl phospheric acid ester
act i n#Q as sepaptionoritip Gl hed atheandgsisant ghpeois altqvhtd wato thet adhesiveofhetebpn for a

T
el ect r ol ybinttares0p7) éestpaxa@éal 6P leh b th@ byl AK T stind §5e é@@&i&ﬁ%ﬁbﬁ%de for
0 )

‘polyrmerization in contact with the surface of the cat area
t her eby pf@addi agd alss porans gogians owhich remgiarin3: mingmuecaméur, aremiheked ve

pol yrner (W{%?M{'%%@@ﬁ@ﬁ% a col |l oidal carbon suspension is applied onto

the surface o electrolyte layer 3 and is dried, thereby

produtd ng a caFindier] aent dsistnt Spe ®itkh MNaY @808 2H0&NLOMhRARE Bodtsd app! i ed
onto the carbon layer 4 and is dried, thus producing a capaci -
ereon may be adhered on the separation strips 6 and 7 as the insulating material 8.

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 watef, 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 clectrolyte layer 3 and is dried, thercby producing a carbon layer 4. A sil-




- layer

tor elenent. The carbon | ayer 4 and the silver paste |layer 5 together form
a conductor |layer to serve as a cathode |ead out area. Finally, a cathode
| ead is attached to the conductor |ayer of the capaci2l Botambeel8ent whil e
an anode lead is attached to the anode | ead out area, and then the

capacitor elenent thus provided with the |eads is encapsul ated by an epoxy
resin with part of respective |ead term nals exposed outside, thus

conpleting the production of an alum numsolid electrolytic capacitor. 10

Second EXehppsieys prpbed pate tharcadbamlayemdsoidiid deledctine protlacingpeeipaet- | S
| ary enbodi nent except

-prepar ed,j he sa man-.,ner as in the first exe

for ﬁr od gic]?re'nf&énéi b%j@v PE:? ila:[ar %Jﬁnldptg g-iyeg Plt?étqnfqygr %h@%ﬂmrdflogm_rﬂg |

r oughenedosdiidter R ' aser nmachi ni ng. ir
Exenpl ary Enbodi maygt An a?ugn@r%trﬂgﬁb%deﬁ%c ol ytic capacitor is prepared

in the same man¥inally, saeathodé leadfismastachué 1 ties sorRioas 16P&Y oftHeSRpakior
produgi ng second separation, strip 7 by renoving the roughened surface

of ementmhile abapode lead ivattgehediothetanodalead tnt amacandthen al of
t he al um 3 | da. Fourt | ary Enmbodi.nment An al um num
ol i d ol B Eigebitor SRR YL PRed B sho FieHRs Sotpmstiind THokm 28R 1 he
first_exemshi arith payfiregvotion Ll tekRinAl bRBoRA JMRAHL HHAGOIAEL Alpe 25 8 an
i nsul ating polymer paint applied onto the surfaces of the Tirs epar ati on
strip 6 Byeductian efanalmimim solid elestnolysiccapbtidor. nsul ati ng pol ymer pai nt

used here is a paint prepared with a polyurethane resin serving as a nmain
ingredient and this paint is applied by an ink jet nmethod (using EXCEL170i

supplo ed BgcoddEXEplargBrfibediniiptenber 2005 Fifth Exenplary Enbodi ment

An aluminum solid electrolytic capacitor is prepared in the same man-

- ner as in the first exemplary embodiment except for producing second separation
strip 7 by a melting and solidifying roughened surface of the aluminum foil by a
laser machining,

15
Third Exemplary Embodiment
An aluminum solid electrolytic capacitor is prepared in the same man-
ner as in the first exemplary embodiment except for producing second separation
strip 7 by removing the roughened surface layer of the aluminum foil by a
20  scraping to make the base material of the aluminum foil exposed outside.

- 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
257 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 ag a main ingredient and this paint is applied by an

ink jet method (using EXCEL170i supplied by VIDEOJET,




An alum numsolid electrolytic capacitor is prepared in the sanme manner as
in the first exenplary enbodi nent except for replacing the pyrrole nononer
in the polynerization solution for formng a solid élebovamhbyer 200G t h

et hyl ene di oxyt hi ophene nonomer. Sixth Exenplary Enbodi nent An al um num
solid electrolytic capacitor is prepared in the same manner as in the
first exenplary enbodi ment 1 except for replacing sodium propyl 10

napht hal enesul fonate in the polynerization solution for form ng a solid

el ect r ol Giftb Exemphary dumbodimenkcyl benzenesul fonate. Wth the solid al um num

- el | he fi h h th |
ot went 5 <ARRRMRANS A BedofAREBabilrid Siapalt in the sSERIndbdiasia . - o Y
capaci t othe firat axemplahe etrticdirthesthaxcept Efdin sdplacing tite ?yﬁb{élhmdneﬁegrlﬁ?h@f duct
or i s kind of produc

| eakage cyrrent fundarrent ar aneters

are £¢]¥@8"€4¥H"C§Pﬁfgﬁ’ﬁe§f fqipaing &30 l% lgplzolyigoqith iefhylens dioxythippbenat i ng of
the scapaehémes IS 6.3 V in working voltage and 47 F in capacity. Each
respective value in Table 1 is an average of 200 sanples. 20 Table | 120
HzLeakageYl eI din terns of Capacitance tang Current (F)(%9 After 2 M nutes

Leakage & ﬂéar:%’ I.mgg ﬁ;@?ﬁdl ment 146. 81. 20. 09797 Enbodi nent
246. 71. 10 09198 I ment 6.81. 30. 09597 Enbodi nent 446.91. 20. 09097
Embodi ment 544n alupmaurosetidelectrolytic capacitor is prepared in the same manner as in
the first exemplary embodiment 1 except for replacing sodium propyl
10 naphthalenesulfonate in the polymerization solution for forming a solid electrolyte
with sodium dodecylbenzenesulfonate.

With the solid aluminum electrolytic capacitors thus prepared in the first

through sixth exemplary embodiments and also with a prior art solid aluminum

15 electrolytic capacitor, data on electrical characteristics and a yield in terms of

leakage current, which are fundamental parameters for this kind of product, are

measured and compared. The results are shown in Table 1. The rating of the

capacitors is 6.3 V in working voltage and 47 uF 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 an 5 Current Leakage Current (%) |.
(uF) (%) After 2 Minutes
(rA)
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 6 470 12 0,087 98
Prior Art 473 14 1.031 81




Enbodi nent 647.01. 20, 08798 Prior Art47.31.41.03181 21 Novenber 2005 As
clearly seen in Table 1, the alumnumsolid electrolytic capacitors in the
first through sixth exenplary enbodi mnents of the presHdmfovembent®n show

al nost the sane fundanental electrical characteristics as the prior art
alum - numsolid electrolytic capacitor, but, regarding the yield in terns
of leakage cur 5 rent, the alum numsolid electrolytic capacitors of the
present invention ‘ahow a better results than the prior art capacitor. In

“the first exenplr§eaipsermimn ab]@' %%mmsmﬁsleotmhﬁmcapmrsmm f oi |
al r at str 6 and,t he second

2<raga(r:gm)(r)n S n%ﬂgugﬁ (31 %e ???O(Sﬁmg Plta&i?ﬁ' B§‘?ﬁle %Yﬁil%nsﬁhw t he

insu 10 ladhbstothméans @lm&am-éﬁteﬁ GAdtENS] éﬁﬁﬁbﬁgﬁ%&t& g%?%{ee%ﬁ?% uBeP" essed

to the |l ow est possible | evel since a cat mali n y forned
by a pol yldeulebcfmalywloapaamxabdt Iregatidinge tlee yiedd b edensifdeal weked,
theregy estagl%ll shing i nsus:; ti n reS| st ance between the cat hode and the
anode? | f éPléd herpresent Wvertiom IShO\;I a enbodi -

15 nent sy, sﬂl@tﬁﬁ'ﬁ ﬁSPQ:[‘taéa:[l)g&t&“' p7is formed by the nelting and

SO|IdIfy |ng by a lase roce55| g Or "by renoving the porous portlons by a

~scraping, the pathe Tﬁﬂ:@ﬂmxxfmplaey‘éﬁimﬁﬁeﬂﬁttﬁé'p%lroﬁé)pbﬂﬁmsadﬂﬂﬁ 4 ' S
simlarly blioﬁked Ac- cordi ngl gh what ever nethods are enpl oye(j31 t

provi si ofuB¥io Wéeﬁ?mﬁFG@@§&Pdt$ d byt thefiret %mratlensmpﬁmnsldqhersamm strip
20 m.num solid_electrolytic

7 t | d_of. al
cagg(r:] i '[l)&g) (ﬁ f’é‘ﬁag’gy I mgﬂf)& b&&hﬁﬂﬁﬁﬂ}lg alsq by Wt he
f ourith e}aemhﬁawrmmodlmgtauo@@ the 164l B AGr 6 TR s 5‘5559830 V@S t he

i nsul atlgﬁ% material 8 in place of a heat resistant e an upon drying

?Ed rs]ollt PR etllta@ehm@a awaﬂg)dsgtlatmmlpath?namw ﬁnai25 edtHSBan@mjﬁnk téﬂﬁe%llh tz with
e heat,.resi.st.an e.,ca 0 n oyg an ink jet method is
enpl oyeotl?%s%fﬂ) a’Pﬁg Sﬁgdﬁ%lﬂﬂas ostablishing inst-nods, as
a gener dhtin %ﬁ&aﬁ%@b@tﬁé&ﬂﬂierlﬁtﬁﬂﬂe tHASufdaB! | Nt ng rret hod, ~ a spray

nmet hod and the | i ke are arbitrary use seen fromthe results of the
fifth and si xt Hnexdditibay gs ané)eﬂmmnns:he second and third exemplary embodi-

15 ments, when the second separation strip 7 is formed by the melting and solidify-

ing by a laser processing or by removing the porous portions by a scraping, the

path from of the cathode material to the anode side is simﬂarly_blockéd. Ac-

cordingly, whatever methods are employed, the provision of the first separation

strip 6 and the second separation strip 7 contributes to improve the yield of alu-
20  minum solid electrolytic capacitors in terms of leakage current. |

Furthermore, as is shown in the fourth exemplary embodiment, an

e

msulahng polymer paint is used as the insulating material 8 in place of a heat
resistant tape and, upon drying and solidifying the insulating polymer paint,
| almost the same results with the heat resistant tape can be obtained. Although
25_ an ink jet method is employed to apply the paini; in the foregoing description,
such methods, as a generally used paste applying 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 resulis as




even when such heterocyclic conpounds as thiophene and the like are used in
30 stead of pyrrole as a material for conductive polyner, alnost the sane
results as 8 21 Novenber 2005 pyrrole can be obtai nedl Mitehdegboashe
description in the foregoing exenplary enbodi nents is described based on
the solid electrolyte layer 3 that is forned by the electrolytic oxidation
pol yneri zation, a chem cal oxidation polynerization can be used in formng
the solid electrolyte layer 3, instead. In the foregoing exenplary

embodi me@y3rolecambeghtaineds numis used as an exanple of valve netals, a

t al | ected f t f.tantal i.0- bi [ [ d
retal sel coled (g ineeRt BBl LN UM B, Dt Sl cconiumand,
cbove, @ ob{b UG QAT ARMIIGLRRRE ey 8 ST e SRk BBE ™ O

conprises a capacitor elenpent t I'ses, a ca

di el ect r osidakiodepdlymerizationohi chealiedt oxillytion lpa¥aheAantdich 620HeChd haver
surface . of an anode body forned of a valve

formed on a .pary of. . the oufer

“metal o?Pmpﬁgté%?‘P &eﬁifm laygr deingtaasl. a roughened surface |ayer is
formed by a rou i an anod ea t area,provjded on
a renmmining par ?H g?e tl‘ ‘2“8 gé%ﬁgéjgﬁg)agpa%@%%?%sa%@ow keusestighened

‘surface hayarexamplé bB¥alve padtald, @netal bblRcted ﬁ%ﬁiitﬁg gﬁ‘(g\g) SRR Nt O an

anode | egad out area and the cathode area and, a second separation
strip ar&%ﬂ»@ﬁc@mw@dﬁaﬂml@Ian@npmiwdraanaﬂoymédfmeneé@ t he surfaces
of the first and the second separation strips. The first 20 and the second
separation strips together with the insulating naterial prevent a

condlcti ve pol yABdesibddabseY 8 SoRd i i€ Ll itol creepi ng
into the anode |ead out area’ there Wﬁ%ﬁgﬁéﬁé@ﬁiﬁﬁ%?rﬁ
ext endi rRpnéinvendiongiomprissisectapatijorelempnt that doheprivesdecdtbode Sme@ ga, Whi ch
. may cause fective,insulation or_an electrical breakdown, to be reduced
signific R r nor e, i ! ent
i gni fich ?q‘y‘/&“ﬁ 0 Yete2 290lidplaetaelvte ilayernand od condudter fayes
i nvent i gPrile@ on A3ark BFQeV X ses., thereby al l.owi ng solid
electrolytic claltpg%:i tors et@tggy%ﬁ%ﬁggé avrdotdgg)ﬁﬁf?%egeqﬁqanvﬁy%@e&%@l
pr oduct ithesyrfabaof Hmsvilee metal 4 asughvned @drfale layer is formed by a roughen-
15 ingprocess, 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 a]lqwing 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. :




21 Novenber 2005 Clains: 1. A solid electrolytic capacitor conprising: (A
a capacitor elenent conprising: a dielectric oxide |ayer formed on a part
of an outer surface of an anode body of a val ve netall Nawnigraotftoughened
surface |l ayer thereon; a solid electrolyte |layer fornmed on said dielectric
oxi-de | ayer; a cathode fornmed of a conductor |ayer fornmed on said solid
- electrol ytgihgyer; and an anode | ead out area provided on a remaining part
of the outer surface of said anode body; (B) lead termi nals connected to
t he cathode and the, anode | ead out area of said capacitor elenent; and (C)
a packagi ng- r esi/hs@littelpeliolytic sapacior cCoOmpHEngor el ement with parts of said
| ead term nal s L.de. .ein.a first separation strip and a
second separ atigﬁp&;ﬁa&%gﬁﬁgle& g}%@ﬁ%ﬁm "part between the cathode and the
anode | ead out ar emdmecgﬁbmxidﬁlegi&erfeﬂnsdlroha@paﬂtaf@n oﬁtbﬁsﬁlgﬁwdféﬁp?r ation
strip being syperinpgse on the first separation strip;. and an insulating
material i@ %Be@éa? avalveaneigl hadag adpuggwdfsu.r%a@emré@ﬁraon;second
~separation strips. ) | | Gis I £ ing to claim
1, wherein an ar eaa %qhdél%%&?%eﬁlgﬁ%f@%@%@?hs%#é@ﬁc@ (?éxigl%gﬁeg,r than an area
of said first sepax afatlonile $ormed of. a Thendwwitord leyezcforalad ion saidasolidr
according to claiggl W&erein aid first separation strip is one of a
conpr essed rough tglyg 9¥ce?byer and a nelted and solidified roughened
surface |ayer. 4. ;g,s5ql léid.eélﬁ%{réﬁ’k¥6¢iﬂeﬁ%ﬂ?&{;&ﬁ%hﬁ§%ﬁj’aﬁ Qﬁtﬁeooufﬁe?' mil,
wherein said second separation strip 1s one of a co esseéd portion of the
first sepasatfacenofsaid modedodyt t ed and solidified portion of the first

ti tri d db terjal at t] f the first
Sopararion Sth BBﬁ?eaggglal%ag qsfg)qtpgg‘%ﬁ_to qﬁe gzrltlhgde %ndgthé) gﬂo 301238 out areea !

- separation stri
of said capacitor element; and

(C) a packaging resin encapsulating said capacitor element with parts
of said lead terminals exposed outside;
wherein a first separation strip and a second separation strip are
formed on a part between the cathode and the anode lead out area of said
roughened surface layer, the second separation strip being superimposed
on the first separation strip; and
an insulating material is disposed on the surfaces of said first and said
second separation strips.
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 I, wherein said first
‘separation strip is one of a compressed roughened surface layer and a melted and
solidified roughened surface layer.

4, The solid electrolytic capacitor according to claim 1, wherein said
second separation strip is one of a compressed portion of the first separation strip,
- a melted and solidified portion of the first separation strip and an exposed base

material at a portion of the first separation strip of said valve metal.
5. The solid electrolytic capacitor according to claim 1, wherein a width of

said insulating material located between said cathode and said anode lead out
10




5. The solid electrolytic capacitor according to claim1, wherein a wdth
of said insulating material |ocated between said cathode and said anode

| ead out 10 21 Novenber 2005 area is equal to or sneil Hovérhiadr 2005 dt h of
said first separation strip and Ilarger than a width of said second
separation strip. 6. The solid electrolytic capacitor according to claim1,

ith an adRERt RSB Gedmaler bR nd A PR SaIENTHG BOrYHER SE PG | 7.
The solid gheet kA LGaRRBREAIIYCcARAYAb g fpal M 1. wher ei n said val ve

~metal is at Feast one sele froma group con |st|ng of al um num
tantal um 6ni obiTie salid eteutrobytindapaditori acnording & chaipod| tvehereimsaidl | oy

t her eof . Tesolld el ectr ol |c c ci.tor according to, cla 1, wherein
sai d val vemsrv@% ting material ds P&Prﬁv of tape e Insulng gaterrl wih i3 @qﬂ%éwﬁm ytic
capaci tor AARE Bbrdeh &byl Siimeat dusetikd el ectrolyte layer is

one of polypyrrole, polythiophene erivative thereof. 10. A
manuf act ur i7ng nﬁﬂlh@dhdfel@dﬂoilyn(ed:ammtot yedocdinggacidior b, wherpin sa'idg'alviee st eps

f h f f tal; f el ect i de |
o SUNCIER 8 TS LS b T R TARoP fh hSaBih | 1
Strip on sidhifdusfesitnesd RIS, AR £csbysite o8 &ano)sﬂieiﬂecff rst separ at i on

strip separating an anode |ead out’ area an hode; formng a second
separation8stri Ehomohduetbctnoiﬁtc cpaartal amr@ngutpclalm hwiikreip sed vakvel at i ng

et OBy bt BRSSO SeRTraLon SLrips; Torming a soli¢
coriheLe Y THB B AR o SRR M s o0 Sen

electrolyte layer is one of polypyrrole, polythiophene and a derivative thereof.
10. A manufacturing method of solid electrolytic capacitors comprising the
steps of:

roughening a surface of a valve metal;

forming a dielectric oxide layer on said roughened surface of said valve
metal;

forming a first separation strip on said roughened surface of said valve
metal, said first separation strip separating an anode lead out area and a
cathode;

forming a second separation strip on said first separation strip;

providing an insulating material on said first and said second separation
strips;

forming a solid electrolyte layer on a surface of said dielectric oxide
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 to form a capacitor element; and

encapsulating said capacitor element by a packaging resin while leaving

parts of said lead terminals exposed outside.
11.  The manufacturing method of solid electrolytic capacitors according to
claim 10, wherein an area of said second separation strip is smaller than an
11




| ayer to forma capacitor elenent; and encapsul ating said capacitor el enent
by a packaging resin while leaving parts of said |ead term nals exposed
outside. 11. The manufacturing method of solid el ectrxlyévenleapa@it ors
according to claim10, wherein an area of said second separation strip is
smal l er than an 11 21 Novenber 2005 area of said first separation strip.
12. The manuf a(gft urigg met hod of solid electrolytic capacitors according to
~claim 10, ®#HF&Y IS4 S¢RqrafoR f¥Psaj d second separation strips are forned

by pressing. 1 m%}@%p t UL g ! pacitors
accordi ng ?g c?%em , elrgilﬁé%lg?ﬁggg%é%%%gﬂg%tg? r??@ﬁ ?%éqrgﬁ'ﬁgt?rred by
one of a pclsmi WY, whareirekaidnfyrshaddssaid dedondngepafatimi strips rase fomped dlyi on
strip and a cutting of said first separation strip. 14. The manufacturing
met hod of BHIF®Eel ectrol ytic capacitors according to claim 10, wherein

sal d secondssepanglmayaithtifa ethod UrRBLW didbillyli eapatiloRdacRRUMIRH! ©
material and a tape like i1 nsulating material 1s” adhered on a surface of
said first chapai(htwhaneint saig sechiid sEparatianstap tisiformpednley boel offa pressing,

el ectrolytic aci tor ccordin o, claim 10, .wherein said.insul ating
mtor | a1 & acitRaant SOTAETEE e Bitstestplpd Stipsand iR AL ity et hod
of solid ekgmiifdwitip. capacitors according to claim15, wherein said
insulating polynmeric material mainly consists of a polyurethane resin. 17.
The manuf addur i The mearwdattofing shéthiod lof solid ejedtlytip eapacitoss aeoodisgrtg t o

oLt 15, AASACIT Pt A5 kA8 AT LTS5tk G BLORRE
capaci't or SpgaRii Mdteral a8 A Ape likeWASHIREAg SRAtEriRPIsHdePePBR ol RifdRY¥ One of
an ink jet méthod, a coating nethod, a printing nmethod and a spray nethod.
12 _ of said first separation strip.

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 material mainly consists of a

polyurethane resin.

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

- method, a printing method and a spray method.
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