; e3eHH, dh6. Tf SOLI D ELECTROLYTI C CAPACI TOR, AND METHOD OF MANUFACTURI NG
THE SAME FI ELD OF THE | NVENTI ON The present invention rel at eii E i %&l I.d

et oo RO "5 ARG e X comomc sr o

el ectrol yticgapacitor of this type jgeatructured as shown in Fig. 7. In
Fig. 7, the SO|Id el ectrolytic capacitor conprises a valve netal 5 having
an anode | ead- out part 2 and a capacitor elenment part 3, a dielectric oxide
| ayer di sposed on the valve netal, a conductive high polyner |ayer disposed
on the dielectric , oxide $@yED BLEOUHOLYDLCI axpACErOpgsed on the
conductive hi gh-polyer layer, anode terminal 6 ( a cathode terninal 7 , and
an external resin 8. Th®DvMEMIOEIGE MANUFRACTURING ETHEl SAMEace or porous

| ayer processed by etching . The anode | ead-out part 2 and capacitor

el ement part 3 are separated fromeach other by a resist material 1

di sposed on the surface of the valve netal 5. The dielectric oxide |ayer is
fornmed by anDELD ORI THE | DINVENDEOMnode terminal 6 is electrically connected
to the anode | ead-out part 2. The - 1

The present inventlon relates to a solid electrolytic
capacitor having a solid electrolyte layer, and a methog.‘l' of

manufacturing the same.

BACKGROUND OF THE INVENTION
A conventional solid electrolytic capacitor of this type
is structured as shown in Fig. 7. In Fig. 7, the solid
electrolytic capacitor comprises a valve metal 5 having an anode
lead-out part 2 and a capaclitor element part 3, a dielectric
'”oxide layer disposed on the valve metal, a conductive high
polymer layer disposed on the dielectric oxide layer, a
conductor layer disposed on the conductive higl;—hpg}mex..l,ayer,
an anpde texminal 6, a éathode terminal 7, and an ékter}ia'll resin
8. The valve metal 5 has a roughened surface or porous layer
processed by etching. The anode lead-out part 2 and capacitor
element part 3 are separated from each other by a resist material
1 diéposed on the surface of t'he valve metal 5. The dielectric
oxide layer is formed by anodic oxidation. The anode terminal

6 is electrically connected to the anode lead-out part 2. The



- ~~a ~ zoo3 cathode termnal 7 is electrically connected to the
conductor layer. The external resin 8 is fornmed by nol di ng t 0 jcoyan 5
entire capacitor elenment. Herein, the conductive high pol yner &ajﬁNh 53
formed either by a nethod of form ng by electrolytic oxidation

pol ymeri zation by the use of nononer, or by a nmethod of formng to chemcal

oxi dat i on QOGRS | tZeinli9Ta1 Ehgseéfe&fﬁwamy%rﬁ?éé@a RQJ mer béﬁaue@ors a
met hod of forming a conductive high polyner |ayer on the surface of

nanganese ghyee de Thy ektRi@ailnt8alhl & fPEMRteabR HbELEES i c@@e&ethayer
The chem cal oxidation polynerization is a nethod of formng a conductive

hi gh pol yrexiti gy esaphd LEST YeDEBméRE, surface of a dielectric oxide layer. In
the solid electrolytic capacitor shown in Fig. 7, however, the valve netal

havi ng the roughestd, [tectoadupti©eshi gly olivaned Taged istforimal aneder
| ead-out part 2 and capacitor elenent part 3 by nmeans of the resist

mat eri al Ihy autethed odnfloching By ghepbrphetibapaidacnidmpbdymelrh zhltd oanode

| ead-out part 2 through the gap 4 of the roughened | ayer or porous |ayer,
and def ecthyethesusatomaonomexcws by d medhad of Eoemidgyvtonehemdicalpl ace.
Accordingly, it has been proposed to broaden the width of the resist

mat eri al loxbdatiena pelymeziizaddiomg a hille adkbettrnolytite exfidatdemal . In
such proposals, too, it was difficult to obtain stable effects always in
NUMer ous m@bmmerbﬁatb@s igadnekhr@ el forming & Qﬂadugwiaeflntsh polymes of
insulation. It was al so di sadvant ageous from the vi ewpoi nt - - ~r J U
N 2003 of t@¥er qn ths W%ﬁfobjn@élgaé?eﬁ%émm‘@ﬁtlwlf @rsrlé@émardlyol id
el ectrolytic capacitor which can be manufactured in a relatively easy

met hod, an%l°¥‘§e aPRbReddrlErEFdRt Pﬁ&dﬁeflég’telr?re EH%UFH@W&F@&U@"E‘&E@&%N i ve
hi gh | h
bt Sventi aobOLEISFLARELGR T%afﬁ%ﬁ%ﬁi GRBLRA & RRRRBCEAT RIS 9h B4 Ro'amer

| d SU H NVENT]
CPoerrol v FhvEhCELFERE 8] O Eh x%t&%FFSﬁM% - Pagl o s 18930,
having a capacif i, £l S{E4! 1'%%rt5:'oly°cr:|.l2:J ggﬁgcfé‘@gsh%% ADFRO9F, L5adeut

part,
the valve metal having the roughened layer or porous layer is

divided linto the anode lead-out part 2 and capacitor element
-'part 3 by means of the resist material 1, but the conductive
ﬁigh polymer layer contacts with the anode lead-out part 2
through the gap 4 of the roughened layer or porous layer, and
defective insulation may occur, or insulation breakdown may
take place. Accordingly, it has been proposed to broaden the
width of the resist material 1, or use a material having a high
adhesion to the valve metal. In such proposals, too, i1t was
difficult to obtain stable effects always 1in numerous
production lots, and achieve a stable and low defective rate

of insulation. It was also disadvantageous from the viewpoint



i n which the forbidden band has a boundary portion placed between the
capacitor elenent part and anode | ead-out part so as to separate the

capacitor elenment part and anode | ead-out part, a dielectric ﬁUiﬁN
di sposed on the capacitor elenent part, a conductive high p51§ éaﬁﬁé

di sposed above the dielectric oxide |ayer, a conductor |ayer disposed above
t he condugki ¥eski.gh pol yner | ayer, an anode term nal connected electrically
to the anode - 3 - ~ JUN 2003 | ead-out part, and a cat hode term nal

connect ed el egtr igahéicé can heb el whd dyeentibar edbnprébenanadsoEi@ct r ode
has at | east one undul ated | ayer of roughened | ayer and porous | ayer.

Pref er abl glecheocdyide ekepacdderhawhdchal cannebel Mmamufagtersed ainl eamst one
| ayer of roughened | ayer and porous | ayer.
relatively easy method, and is capable of preventing defective
insulation due to conductive high polymer layer reaching up to
the anode lead-out portion, and preventing occurrence of

insulation breakdown, while maintaining the conventional

excellent productivity.

SUMMARY OF THE INVENTION

The solid electrolytic capacitor of the invention
comprises:

an anode electrode having a capacitor element part,
forbldden band, and an anode lead-out part,

in which the forbidden band has a boundary portion placed
‘between the capacitor element part and anode lead-out part so
as to separate the capacitor element part and anode lead-out
part,

a dielectric oxide layer disposed on the capacitor element
part,

a conductive high polymer layer disposed above the
dielectric oxide 1ayef,

a conductor layer disposed above the conductive high
polymer layer,

an anode terminal connected electrically to the anode



Preferably, the solid electrolytic capacitor further has a resist material
di sposed on the forbidden band. The manufacturing nethod of solid

el ectrolytic capacitor of the invention conprises: (a) a step of feedi ng an
anode el ectrode, (b) a step of form ng a forbidden band in the J{g ?Qg@
el ectrode in order to forma boundary portion between the capacito nt
part and anode | ead-out part, (c) a step of formng a dielectric oxide

| ayer on the capacitor elenent part, (d) a step of form ng a conductive

hi gh pol yner | ayer above the dielectric oxide |ayer, (e) a step of form ng
a conducigddlanepambampd t he conductive high polymer [ayer, (f) a step of
connecting an anode termnal electrically to the anode | ead-out part, and

l(g;e? Sfep of aCQHRBUE"GenfiAbNCdSnheLi Aok CLRRIdIIF Ad Yine® déredGefstuct or
layer,
wherein, the anode electrode has at least one undulated layer

of roughened layer and porous layer.

Preferably, the anode electrode has a valve metal forming said

at least one layer of roughened layer and porous layer.

Preferably, the solid electrolytic capacitor further has a resist
material disposed on the forbidden band.

The manufacturing method of solid electrolytic capacitor of the
invention comprises:

(a) a step of feeding an anode electrode,

(b) a step of forming a forbidden band in the anode electrode
in order to form a boundary portion between the capacitor element

part and anode lead-out part,

(c) a step of forming a dielectric oxide layer on the capacitor

element part,

(d) a step of forming a conductive high polymer layer above
the dielectric oxide layer,

(e) a step of forming a conductor layer above the conductive
high polymer layer,
(f) a step of connecting an anode terminal electrically to the

anode lead-out part, and

(g) a step of connecting a cathode terminal electrically to the
conductor layer,



- ~ JUN 2003 wherein, the step of feeding the anode el ectrode includes a
step of formng at | east one undul ated | ayer of roughened | ayer and porous

| ayer on the surface of the anode electrode. Preferably, thg
el ectrode has a valve netal. Preferably, this method include $ajEfM[2m3

di sposing a resist material on the forbidden band. In this constitution, a
solid electrolytic capacitor having equival ent or superior basic electric
performance as conpared with the conventional product can be obtained in a
relatively sinple manufacturing nethod. It further prevents defective

i nsul ation cauwdearehy, tthe stepluct ifeedliwhghthmle;nmdelabeartrméachimgdelseaanode

| ead- out part currence of insulati o%ég kdown, i s Ebevent Fd Mor eover ,

the convEMER Mafopningat \Bast eue HRdulatedriayes ofrreugpengdelaNgn 8ndti c

capacito o'ﬂéMbrl%%%‘r'th @ﬁéeéairffaaadof fﬁse W@%ﬂéﬂétreaeﬁet hod are obtained.
BRI EF DESCRI PTI 1 IS a perspective view show ng

a constitutl oprgfeaisy! tfle aé% m&@rﬁ | L%Yaly@ Afetgfbodi ment of the
-~ anJ Ig. 1

invention, -5 _ is an essential nmagnified
Fo 2 (@) Ewagé%f?{quiﬁh'sﬁ eBp Ui e Bostar o Kbt ihg iredict”

el ectrol mét@rtzﬂp@nitherfOrm@@barb@m@pdi ment of the invention, and Fig. 2 (b)
is an essential magnified sectional view of the solid electrolytic
capacitor showmn in Fig . 2 ( a)

In this constitution, a solid electrolytic capacitor having
equivalent or superior basic electric performance as compared with
the conventional product can be obtained in a relatively simple
manufacturing method. It further prevents defective insulation
caused by the conductive high polymer layer reaching the anode
lead-out part. Occurrence of insulation breakdown is prevented.
Moreover, the conventional productivity is not sacrificed. The solid
electrolytic capacitor having such effects and its manufacturing
method are obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 (a) is a perspective view showing a constitution of a
solid electrolytic capacitor in an embodiment of the invention,



Fig. 3 (a) is a perspective view show ng a constitution of a solid
el ectrolytic capacitor in a different enbodi nent of the invention, and Fig.

3 (b) is an essential magnified sectional view of the solid .el]’ew"gm)am@
a

capacitor shown in Fig. 3 (a) . Fig. 4 (a) is a perspective view’
constitution of a solid electrolytic capacitor in another enbodinent of the

venti on, BR% L9 44000 5l a WLINA lagTRTE BULREERATGN ol S i TN

solid elec?rol own |n

perspectlVEPX%IfFﬁ@g@%ggxgigpgghhgg%b?hSﬂgwﬁ § I%ggelgckﬁglytlc capaC|tor

ina furth eren e 1nvention; and 'Fi'g. 5 (b) is an

essenti al mgngﬁ? b )t |1gn§|pé/f S 1G4 bﬁoﬁhﬁ% é%dﬁéﬁmtﬁ e and

shown in Fig i's a sectlonal Vi eW S ng asse

external skl aef@éhdoﬂ@fére!a%sabﬁ 62803l (And EoSaRAEhECRE Ypd he

I nvention. Fig. i's a process chart o manuf acturi ng ne d of

el ectrol yt &ﬁv@ﬁl%%ht Ohn&NF 83, &Te Egnanoésééwtwymdrﬂrﬁe:a %ec?tio%a"’!l.
sectional view showi'ng a constitution of a -
view of the solid electrolytic capacitor shown in Fig. 2 (a).

Fig. 3 (a) i1s a perspective view showing a constitution of
a solld electrolytic capacitor in a different embodiment of the
invention, and Fig. 3 (b) is an essentlial magnified sectional
view of the solid electrolytic capacitor shown in Fig. 3 (a).

Fig. 4 (a) 1s a perspective view showing a constitution of
a solid electrolytic capacitor in another embodiment of the
invention, and Fig. 4 (b) is an essential magnified sectional
view of the solid electrolytic capacitor shown in Fig. 4 (a).

Fig. 5 (a) is a perspective view showing a constitution of

| a solid electrolytic capacitor in a further different
embodiment of the invention, and Fig. 5 (b) is an essential
magnified sectional view of the solid electrolytic capacitor
shown in Fig. 5 (a).

Fig. 6 1s a sectional view showing assembled state and
external state of a solid electrolytic capacitor in an
embodiment of the invention.

Fig. 7 is a process chart of manufacturing method of a solél.d

electrolytic capacitor in an embodiment of the invention.

Fig. 8 1s a sectional view showing a constitution of a



conventional solid electrolytic capacitor. Reference Nunerals 10 Anode

el ectrode 11, 21, 31,41,51 12,22,32,42,52 19, 59 13,23, 33, 43,54

14, 24, 34, 44,55 15, 25, 35, 45, 56 16, 26, 36, 46,57 53 Capaci tor eIEHbquﬂ@
For bi dden band Silicone material Anode | ead-out part Dielectric oxide layer
Conductive high polyner |ayer Conductor |ayer Resist tape DETAI LED

DESCRI PTI ONogefitEOhBYENEL O 818@li-d1keet babkbi¢ozapaci tor in an
enbodi ment of the invention conprises a roughened | ayer or porous |ayer

formed on the surface of a valve netal, a forbidden band for preventing
perneation of conductive high polymer material for formng a boundary
portion of refFekeagskt Namezaade | ead-out part and capacitor el enent part
formed in this layer, a dielectric oxide |ayer, a conductive high pol yner

| ayer, and algonductor | ayeramsdpiesiiecdttydeli sposed on the surface of the
capacitor elenent part separated by this forbidden band, _ 7 ~ JUN 2003
and term nal $1¢2hpett ¢, Bl ecCapacitor telérentsupdrice of t he anode | ead- out
part and the conductor l|ayer individually. The roughed | ayer or porous

| ayer has a LlRdR2aB2d43ubRacBorbigdendbafdconcave portions and convex
portions. In this constitution, the forbidden band prevents perneation of
conductive high pBl yner nat e$ikicone maberiakevents occurrence of defective
insul ation due to the conductive high polymer reaching up to the anode

| ead- out paril3,23n33+43:hér ABedeslepd-pusbRBELity of reaching insul ation
breakdown substantially. Mreover, the solid electrolytic capacitor not
sacrificing the2dodtehtli 8Ral DpPAIGGEFLG O¥1A8e dBYSTNed.

15,25,35,45,56 Conductive high polymer layer
16,26,36,46,57 Conductor layer

53 Resist tape

DETAILED DESCRIPTION OF THE INVENTION
A solid electrolytic capacitor in an. embodiment of the
" invention comprises

a roughened layer or porous layer formed on the surface of
a valve metal,

a forbidden band for preventing permeation of conductive
high polymer material for forming a boundary portion of at least
the anode lead-out part and capacitor element part formed in
this layer,

a dielectric oxide layer, a conductive high polymer layer,
and a conductor layer sequentially disposed on the surface of

the capacitor element part separated by this forbidden band,



Preferably, the forbidden band has a silicone material or a silicone
diffused layer fornmed in contact with the surface of the roughened | ayer or
porous layer. In this constitution, the above effects are parh& [Frl
excel lent. Preferably, the silicone material or silicone diffl aa )26035
formed by | ow nol ecul ar silicone of polysiloxane in a range of diner to
vi gesi mer gfgsilicone. The polysiloxane has a skeleton of -(O-Si)n-O, in
whi ch an al kyl group of RlL or R2 is linked to Si. The dinmer is a structure
in which "n" k8rm2nailsadéhidEtdd e2eicHRA dal 1§ 66 el SLfhBe WH €he ‘dhodess " 20"
g - ~J UN 2003 The | ow nol ecular silicone in this range has a
preferred ybagosut ypaBtdah@etREOEBNnHLEtbOWL HPbEC HnaliviiduiadaRe can be
securely placed on the surface of both concave portions and convex portions
of the roughempd gsouthed dhykleotopbreiden dper hddreamuldted lsuyfadecul ar
silicone in this range has an excellent heat resisting tenperature for
practical gemposedtbf sconoatvet pbireonshanabevaveki potrsians .obt ai ned, and
the effect of preventing perneation of conductive high polyner nmaterial is
extrenely inproved. Preferably, the forbidden band is fornmed by the
conpressed | ayer or nolten condensed |ayer formed by conpressing or
condensi ng t heInndthaésedconstiatutdbn; hethel véombididenThdand, prevents
conpressed | ayer or nolten condensed |ayer is processed so as to have a
smal | surf pesmgations oforgenrddcthlté hhghspoflymen eateriahe uddulhence
surface of the valve netal. By reducing the step difference of the
undul at ed BGEVERES teRCUTFeREe LHka defedidvioudnendatiayer due pbeoukhe ayer
is extrenely small. In this _constitution, in addition to_the aforesaid

effects, t ﬁ@nQPFEéYed'fiﬁm Wé-ﬁﬁ‘leﬁgrﬁé?%‘&gl%tmt%ﬁ&@@ﬁ %@aﬁraﬁtrﬂﬂ%ﬁmr
material is extre roved, Preferabhly, the forbidden a
Splitting BPGodd %eﬂg‘gﬁrﬁs i B I st karghine nwea*fﬂo%hened
| ayer or porou er f th

| th ti1.tut f
e pove” BrPERaoMIC utstalta s, coidkeorfror kBl PRI Slefeedinie e

For bi Gden BARACLERE P “%%%ﬁ#%%ﬁ“%? neoyd §§%°sﬁl—gr°&ﬂcé‘=”ewi‘*e?rﬁyti c

capaci tor %gqgﬁb§g$ a roughened | ayer or porous |ayer fornmed on the surface
of a valve metal, a forbidden band for preventing perneati on of conductive

Preferably, the forbidden band has a silicone materlal or
a silicone diffused layer formed in contact with the surface
of the roughened layer or porous layer. In this constitution,
the above effects are particularly excellent.

Preferably, the silicone material or silicone diffused
layer is formed by low molecular silicone of polysiloxane in
a range of dimer to vigesimer of silicone. The polysiloxane
has a skeleton of ~-(0-Si)n-0-, in which an alkyl group of Rl
or R2 is linked to Si. The dimer is a structure in which "n”

is "2", and the vigesimer is a structure in which "n" is "20".



hi gh pol yner material for form ng a boundary portion of at |east the anode
| ead-out part and capacitor elenent part fornmed in this |layer, a resist

mat eri al di sposed on this forbidden band, a dielectric oxide |a ) )
conductive high polymer layer, and a conductor | ayer sequenﬁbjﬂ“i@ﬂ&ed
on the surface of the capacitor elenment part separated by this forbidden

band, and ter npiél Sow aplasdexhel £t i¢oed | in tehidersngé dces od pier exnaste
| ead- out part and the conductor layer individually. The resist material is

a materi al yhewo8gten ehacthetefosel AHNILew opeleyulbn sl comestddritben,

t he forbidden band prevents perneation of conductive high polyner material.
Moreover, §d8€ur€lysplaséeéronl thecHuefypcpr efemioth aorsdaws pértien<cngdicti ve
hi gh pol yner | ayer over the forbidden band. In other words, both the

f or bi dden banveanbrthonsesfstheraoaghainegd surfaceocofidiieoforbitdencenidict | ve
hi gh pol yner material on the anode - 10 - ~J UN 2003 | ead-out part.
Ther ef or e, Morepverentheodow rmobecwliadesddtiicpne risul thisn rémget hashean
conductive high polymer reaching up to the anode | ead-out part, and further
| ower s t heepcebdbnti hgatf regishtiing itempendtirerierdpvactipsianseal | In
Moreover, the solid electrolytic capacitor not sacrificing the conventional
product i vi thisscepsiitugion, eftheaiiBove heffestst agg: ahtained, andgpehe
conposed of a heat resisting tape nmaterial, and a heat resisting adhesive
appl i ed oneffipsthedt nreyenting trgraneaklion e ofc sondigtdive ghigihcBPiEmer n
particular, silicone adhesive_is preferred. This heat resisting adhesive is
appl i ed onMakerigls 48ceHtremelyodBPFe¥edrand. That is, a silicone diffused

ayer having the . reshbigo tne Pestidadh AT PotiSa By B cShosoRsEs
layer or molten condensed layer formed by compressing or
condensing the undulated surface of the valve metal. That is,
the compressed layer or molten condensed layer 1is processed so
as to have a small surface area as compared with the surface
area of the undulated surface of the valve metal. By reducing
" the step difference of the undulated surface, the surface area
of the roughened layer or porous layer is extremely small. In
this constitution, in addition to the aforesaid effects, the
effect of preventing permeation of conductive high polymer
material is extremely improved.

Preferably, the forbidden band has a splitting groove
removed so as to expose the base material of the roughened layer
or porous layer of the valve metal. In this constitution, aside
from the above effects,~ the effect of preventing permeatlon of

the conductive high polymer material is notably enhanced by the



and concave portions of the undul ated surface of the forbidden band is

di sposed on the surface of the forbidden band. The silicone adhesive is a
silicone compound containing Si in its chemcal structure. Ln fhis
constitution, aside fromthe above effects, the effect of TJ,*E\LQJN 2603
perneati on of conductive high polynmer material is extrenely inproved.
Preferablyfofﬁfda%hiﬁgﬁa_diffused | ayer is fornmed by |ow nol ecular silicone
cont ai ni ng polysiloxane in a range of dinmer to vigesinmer of silicone. In
this constitution, the above effects are obtained, and the effect of
preventing perneation of conductive high polyner material is stably

obtained. - mip gthed e‘n\ﬂﬂd&ﬂ%tpbffﬁ{@l%ﬁen‘tﬁ%nﬁeﬁisﬁlirﬁib_‘iébj%lro*i 1% tape

conposed of a heat resisting tape naterial, and a heat resisting adhesive

appl i ed onghpheitapecBhbeiisas, and this tape is placed to cover the
forbi dden band, the tape width is broader than the width of the Forbi dden

band. In thisaCepsghenledonaybitconiwmoed Negler Ebemelt h Nee Furdi oft s
further suppressed that the conductive high polyner |ayer is formed beyond

t he forbi ddegalagemetand the effect of preventing perneation of conductive
hi gh pol ynmer nmaterial is nore stably obtained. Preferably, the forbidden
band has a corpfextdddey dami fort tpare veoriderys @ rimepdd ohoofe douctive
pressuri zing process , and has a small surface area as conpared with the
sur f ace ar baghfpalpnemn thatardalsfinf foeming &dovaldasrypention oft &t deast
constitution, the aforesaid effects are obtained. Further the surface area
of the roughenanofaydeadroptrpast| apércapacktormlementninartHdiamead Ha

ef fect of preventing perneation of conductive high polymer material is

obt ai ned véh}ssdayea&l.y. Preferably, the forbidden band is forned of a
splitting groove forned so as to expose the base material_ of the roughened
| ayer or porods Fagéptomatarial vaigpeged |9p t RhiscSHeghidsieronbanfe #ove
effects are obtained. Al so, the effect of Freventi n% per neatjon of the

conduct i ve SAPGRFELFOX IS RAYEF . & FEREUSTLBE\DIER RIS PrA¥TDI3Rd { he
e e bRaBur bk Lot o SPTAL LY Ao g o8 ha TS LS SRy e
capacitor element part separated by this forbidden band, and
terminals connected electrically to the surface of the
anode lead-out part and the conductor layer individually.
The resist material i1is a material having an electric

insulating property.

In this constitution, the forbidden band prevents
permeation of conductive high polymer material. Moreover, the
resist material securely prevents formation of the conductive
high polymer layer over the forbidden band. In other words,
both the forbidden band and the resist materlial prevent

formation of the conductive high polymer material on the anode

- 10 -



porous | ayer to the deeper part can be easily shortened. It is also easy to
forma forbidden band fromthe surface of the roughened | ayer or porous

| ayer to the inner parts . As a result , the above effects arabb‘ngS
Further, the effect of preventing perneation of conductive high p
material is further stably obtained. Preferably, the valve netal is

comosed ofeflo1Badt . rheastosd TELyLARE Ykl Rbinll WP agkLeonium and

titanium or their conposite or I's constitution,

extremely &xapldein %Meecttﬂs tRle cehhg'b@ﬁ% H&gﬁebaﬁzwert beaEHEﬂgtCﬁgveohi gh

polymer layer 1s a electrolytic oxidation polynerization produ f nmononer

and dopantyn&neddae18RA08RE pEr€OERIE ubtMBr1dWe £OMHYIBtoBabANS ty of
derivative, and the dopant i's aryl sulfonic acid. In this constitution, the

extremely geg@higgt1dd Bt Sord! Srodk dbwe dsubs taREL ALY | NoFESHOH, Otneol i d

el ectrolytic capacitor according to an enbodi nent of the invention

conprises 4élid@eld¥tdolytadceeapagistbemet Sauriifidialy theubehednsiibhage such
as roughened | ayer or porous |layer on the surface of a valve netal, (b) a

pr epar at oryredept D¥itwrig ngbvaimedi dden band for preventing perneation of
conductive high polymer material in the undul ated surface of the valve
nmetal in order to forma boundary portion at |east between - 13 - ~ JUN
2003 the anode | ead-out part and capacitor elenment part, ( ¢ ) an el enent
form ng step dPréfemamy a the|mdistt matiedddl hasem tapeocdmpbised loifgla

pol ynmer |ayer, and a conductor |ayer sequentially on the surface of the
capaci t or hé¢aherespatingcpapatnateyiahe aodba doeat bnedlisthng(diihesive
after-treatnment step of formng termnals on the surface of the anode

| ead- out paPPligd emnthisohenhyresiatingdtiapey. A% thesheaksresdstdmg t he

for bi dden band prevents the
adheslive, in particular, silicone adhesive is preferred. This

heat resisting adhesive 1s applied on the surface of the
forbidden band. That is, a silicone diffused layer having the
silicone adhesive disposed on the surface of convex portions
and concave portions of the undulated surface of the forbldden

’ band is disposed on the~surface of the forbidden band. The
silicone adhgsive is a silicone compound containing Si in its
chemical structure. In this constitution, aside from the above
effects, the effect of preventing permeation of conductive high
polymer material is extremely improved.

Preferably, the silicone diffused layer :Ls' formed by low
molecular silicone containing polysiloxane in a range of dimer
to vigesimer of silicone. In this constitution, tl}e above
effects are obtained, and the effect of preventing permeation

of conductive high polymer material is stably obtained.

- 11 -



conductive high polyner material fromperneating into the anode | ead- out
part. The solid electrolytic capacitor having such characteristics can be

easily manufactured. It hence prevents occurrence of def ectiuegicpgmm
due to the conductive high polymer |ayer reaching the anode | ead¥ ,

and lowers the probability of leading to insulation breakdown

substantially.py , i ty i l ifed
wi t hout sacri f?%%\%%fﬁg boéll?/%nlts%jha %ﬁ%ﬂ%yvﬁﬁ%%@iﬁgﬁﬁgﬂ%

prepar at orye st %?Qisémgi Pepthgatarbhddenshagdnieae! E@%is%i%bel&dﬁfes‘é.%m ng a
silicone coat filmon the undul ated surface of the valve netal, and a

control stgp,pieh G ithd st PEpS I Nd e Ea Lond thikidpd i5PBEhtLGd IdiR e
order to forma specified silicone diffused |layer in the undul ated surface.

In this copgéitékboldeh NGasd! | €98 e £ twfd N e WA @S aHE &R xziid&hg the

bot h surfaces of concave portions and convex portions of the undul ate

surface, agfd tHweferbiagen badd. In thislcdhstA081sh f theesbday @f fettisor med
wi t hout gap on the undul ated surface. As a result, the particularly

excel | ent gféeeobtadnhedabt #Funrerher, PLef esalfurthide puppressody thhep thie
form ng the forbidden band includes a step of formng by cutting and
renovi ng acdadtcovivehelighupbtymer| byper ois phomuesd |beyeond dihvee o aobiidden
surface of the valve netal. As a result, the particularly excellent effects
are obt ai nddyeP; eéndathe , effechrehprevent e pearméatiomef monfdrdiiideen
band includes a step of form ng by pressing and conpressing a part of the
roughened higbr polyperometexjed flsr modreos tialhd vs obitadaest. t he val ve netal .
By this step, the surface area of the roughened | ayer or porous |ayer is
extremely reduBtefpyabh¥.f 6hpi farhiddan. bandrkasra compressed ckayey or
excel lent effects are obtai ned. NMoreover, the effect of preventin

per neat i onmei teprerrisntedildy oo ForBednky ALefsYLl TR % PP Cessr odRd has

top of T SRnPRALbySHEFAPRCERR A HAIRATRA FL5h £hgr SHASAPEUGRERCRE IShFer o
Sur ace o) BaobTaFRE PUEEACRCHEI E5, VOIVBPBRELT aylt THLE RIS BiRcod by
bt ai ned.  BPcROBFeStng SHTERts oop RIS pEnbbRroRBE: SubREte e ni gn
pol yrer ekt il LY 14PEPISH phRoR"S6vEIOTL Tfrglesiaent o
o por ous FE B e B A o e Qi LB T LR A e
form ng a HeARhddemaRard sfi0Hs obtained very securely.

Preferably, the forbidden band 1s formed of a splitting
groove formed so as to expose the base material of the roughened
layer or porous layer of the valve metal. In this constitution,
the above effects are obtained. Also, the effect of preventing
permeation of the conductive high polymer material is more
stably obtained.

Preferably, the valvemetal isa foll. Inthisconstitution,

the distance from the surface of the roughened layer or the

- 12 -



preventing perneation of conductive high polynmer material and formng a
resist material on the forbidden band, in the roughened | ayer or porous

| ayer of the valve nmetal in order to forma boundary portion atl',l‘zmlzooa
bet ween the anode | ead-out part and capacitor elenent part, an el

formng step of formng a dielectric oxide |ayer, a conductive high pol yner
| ayer, and?arseeadya 8t Jcaygﬁes(@gggei:' LY eantbe easipgesRbrtdifegapagi tor

el enent part separated by the forbidden band, and an after-treatnment step

of form ngikeafadSsPd R 2eeraladedepanaderbfadnousupite ¥ the
conductor layer individually. In this constitution, the solid electrolytic

capaci tor baupRenbha Hfdreét prdi£Yafbir®d the Gitphiys. hi ghaRsumy,
material frompernmeating into the anode | ead-out part by the forbidden band

is easily ghbaidisire | brfeBes Sl obtaihedant SFlipeheesi thd agerebt 0B
form ng the conductive high polyner |ayer by surpassing the forbidden band.
It theref opgefeatengSpecndattoncosdf cordactive highl ppiphetiutateride is
conductive high polymer |ayer reaching the anode | ead-out part , and | owers
t he probabfuirtheef sktabliyngbtainesiul ati on breakdown substantially. Mreover,
the solid electrolytic capacitor is obtained without - 16 - ~ JUN 2003
sacrificing therefiexebiyonthepvedwet metay. 1Br cbmpabkeyd, ofhenpremparef caty st ep
i ncludes a step of adhering a tape coated with a heat resisting silicone
adhesi ve odeashecatuminum: ibhep ttadym badebdumer dFconbumhandtdhenduml aer or
porous | ayer forned on the surface of the valve netal, and a step of
| eavi ng t h&hgdmerempoaptefor alkpwdmateriake J® this capstitvticrn thad
made of a specified silicone diffused |ayer nay be formed in the roughened
| ayer or p&X&FeMedyeexcedlemts effinqta arerrbidnedne excel lent effects are
obtai ned. Preferably, the preparato&gcsteg includes a step_of formng the

u

forbi dden band PR&EETEPLY spthe FRRIECEIVRUtRigR BRIYSRvileTeX pdft Ddf the
h d | | f d t f f th | | .
In this cofeEatEolatie aE1datdon dotymer Laatan Prodish QE Banonss ahdy ep
of adhering a r sist tape so as to,cover ihe fgrde en band. Ig fur*ﬂgr
orevent s t ROPARY s AR LOE BPRGRET 18 CONPLAY FOVBr ARy BARROPRENPF oHHS ng
th ductg i | j bj d
e o or o et Ay O HE hEY BEpBY S LD I Ed IWor £ PR ELRT DCents
Lore: . b . Y
i sttt i ool L6y seeGelytos! apeALELaces o

condensed | ayer by pressing or conpressing a part of the roughened | ayer or
porous | ayer of the valve nmetal, and a step of adhering a resist tape so as

to cover the for hAderhdantind 'mbbheaC@FStdditid Odl eb o SPFEC C¥EBhEERET

effects are obtained. - 17 - ~J UN 2003
according to an embodiment of the invention comprises

(a) an anode processing step of forming an undulated

surface such as roughened layer or porous layer on the
surface of a valve metal,

(b) a preparatory step of forming a forbidden band for

preventing permeation of conductive high polymer

material in the undulated surface of the valve metal

in order to form a boundary portion at least between

- 13 -



Moreover, the surface area of the roughened | ayer or porous |layer is

extrenely reduced by the forbidden band, so that the effect of preventing

perneati on of conductive high polynmer material is securely obt |gtm 2003

Exenpl ary Enbodinent 1 Fig. 1 (a) is a perspective vieM/shomjng

constitution of a solid electrolytic capacitor in an enbodi nent of the

i nvention, and Fi 1 i ER5E j i.f4.ed t'fgﬁﬂ i her eof
In Fig. 1 (a) a%geFiaé]@dlé ?begy,aa Soﬁdﬁelﬁ;&oﬁﬂyﬁ:%péam tor}ﬁ/i%%aes an

anode el ect r oglg) 10y @1dh@heCEbLR1RY S8ebAETE ki caoaéu%ic\ﬁ%i@ gkige! yner

| ayer 15, and a conductor layer 167 The anode el ectrode 10 has a capacitor

element part. 11, aaenhi ddehdfeive nighhelyior doyeadandla Bohlutior N S

anode el ectrode 10 1's nade of an alum numfoil, this alum numfoil has
hEiQ%r”ade

a roughened surfaggyelhi ed@agbEAEDy SORT 288 %&ﬁ%@@ﬂ'@ﬁédcﬁ%
of concave portions and convex portions . The anode electrode 10 is

separated from t heaneds |Raf adpdedted dPtidecdsbbidsierphwad dga The

forbi dden band 12 has a silicone material 19 di sposed on the surface of the
concave portieay andaFvetexreatnets sfep hef ubstmbhgdtemminads dhe tdid i cone
material' 19 has a | ow nol ecul ar silicone having pol ysiloxane in a range of
di mer to vdwgetacer off shei canede THeeall-eduwict partoxanéd |aomtudibr s fagrered on
the surface of the capacitor element part 11. On the surface of this

capaci tor indBvidualllylU N 2003 el enent part 11, the conductive high polyner
| ayer 15 of -polypyrrole is formed by electrolytic oxidation polynerization.
On this conducknvthhisgleqnd tdtmrticyer the, forbddden dandypreventiaddhef
carbon layer and silver paint layer is |lam nated and forned sequentially.
To confireenduetivethigh ppdymerimakrinliabfgzonrerneatingdndio thednads eri al
19, sanples were prepared by varying the standing time until the silicone
materi al 1bea@sowrspestd (FRe |sqq¥p€d RactRAY TG carRaqideT hawing sughhpl es

were made in four conditions of standi n% time fromfornmng the silicone

matorial 1GPAFRTEERAREICERRD De ARRLLY MBRYARLUTas: hdlyRence PUevENidrs. A
TP o "SoghEReGe (e Fe S Loe A ¥ o e oG (e g v hagn (
TR o i POEmes PaySt Spachins T hh8ay | Sad SO Pafe, Anb"LoRCREYHEN O
Amode ol coPFaRab 1 ERy bR AR SO0 Hn baY be Rbp ALK aS RN SHLADEY,  T0°
R one obbLeDed’ AITUYIIN 816RBry RN Gin UL ERE o BEaRERNPILRGL N the
al um num efgBedel ghhg ;EI:B%B RRrStldraA gﬁgaaebitgdﬂegl.t age of 12V, aqueous

solution tenperature~o degrees , an O mnutes . Thus , the dielectric
llayer 14 was fpfé@éramsvhletﬁap@feﬁefaeéﬁﬁwe;wﬂ £bimahgt tRe et ehetaden | -

Then the silicone material 19 was applied on the surface - 19
band includes a step of forming a silicone coat f£ilm on the
undulated surface of the valve metal, and a control step of
leaving the silicone coat film for a specified time in order
to form a specified silicone diffused layer in the undulated
surface. In this constitution, the silicone coat f£film

permeates completely into the both surfaces of concave portions

and convex portions of the undulated surface, and the silicone

- 14 -



- ~J UN 2003 of the anode el ectrode having the undul ated surface. In this
process, the forbidden band 12 adhering the silicone material 19 was
formed. Consequentl| y, the surface of the dielectric oxide Ia er bfh

i mersed in 30% aqueous sol uti on of manganese nitrate, dried rJ m
heated at 300 degrees for |0 mnutes . In this process, a nanganese oxi de

| ayer for niibfifasedriaysr tilsefeohed vl Bodutolgpgipeoh atyhes unai ifatrade duaif atlae
surface of the dielectric oxide |ayer 14. Separately, to formthe solid

el ectrol yt&s|layesuld ,nthenpartigedasdy exonl et mifertsd arthobtadneder

m xed sol ution was prepared in a step of mxing 0.5 nol/liter of pyrrole
mononer and 0.Brebérablyr tie goinanahoayyy stephofiof esmeing ithenfivebiddena st ep
of adding water as solvent, and ester propyl phosphate as a pH regulator to
adj ust to b#ang inckndes @ séepnef fomeng dyuchstingl svdragmovinga patriton

pol yneri zati on was perforned while bringing the polynerization starting

el ectrode efotke roughenedriayer ;3T tMQ&EﬂJg@YﬁQﬁ formeshiomihe surfacet his
way, a conductive high polyner layer 14 as a solid electrolyte |ayer was
formed on 9ﬁetle|¢e%%‘t'¢|reet®lude°~ﬁ Fy&espdt Thde, Paztdralanlyogxceddendut

| ayer, a coll oi dal carbon suspensi on was applied and dried. In this
process, acEipEbA AEGePPHAIMEHrned. On this car bon layer, a silver paste

Conductor | ayobr2EeFRNIRg Tt RAPHLRAo A tep g%mg?f;)@g% Bddery s
caml o wasPABantagEagE % stre"p' O5ratBo09 By HerROLEBA cemEre sﬁﬁ%as'd%igl.d
21 i num égrﬁ%gifhé?&%eanf%ﬁégﬁﬂre%?%a%%?ﬁ ESinEh b ERe St os, o
used. 1t SEarhs VALV WBed) DoRiT g TNLS T el | SREEENE, ﬁ?é?.enéf”}**m al

pouder .  SueBushBheh Dage? BE! BiToullubdled sSULhacmciy e Tl EHRAIHIN! 2

Fig. 2 (a) |saperspet|vev w show g a constitutl aso

el ectrol yt kgrpa@achistnd N Wef%wdtﬂé%ﬁfictdi%ﬂ@véﬁééﬂﬂener&fé&cs 2 (b)
is an essential magnified sectional viewthereof . and Fig

. 2(b) ara SﬁthﬂnéﬁeCtM@fé{&VGrCaﬂ?&'éﬁeé@@ﬂﬁﬁ%@rﬁﬂﬁiﬁ? _ e@ﬁrmﬂt _
part 21, a forbidden band 22, an anode | ead-out part 23, a dielectric oxide
| ayer 24, afceadaubrtwehhglghp@lomareﬁ futlerdal, iz3nthoxablydusipiovedy.er 26 .
The capacj tor elenment part 21 is nmade of an alum numfoil, and this

al um num f oi | haeferablghebhe prepdrd tory wifexcof Foemingbthsdotmaiet? has
a conpressed part 22 formed by pressing the undul ated surface of al um num
foil. That basd inecludepcestep gaford2ngdyy medtrdnigeand wohsen sdmepatgeart t he
undul ated surface. The capacitor elenment 21 is separated fromthe anode

| ead- out paift the Boughepefloldyedear kpemors . layer df eined ror the ;untaces 24
is formed on the surface of the capacitor elenent part 21. On the surface
of this di &fedhe yaduaidetddr By thigowbeR:i tBenpyrface] area of fthe N

2003 pol ynmer | ayer 25 nade of polypyrrole is fornmed. On the conductive high
pol ymer Iaf@f"gﬁ‘?;ne& CONEEC OFr %?é&yﬂﬁyr?&d sofex&fr%}ﬂ Frsducsty Ry IVE@

I
ol yrrer | ag@rDHEARRI RN AT AR SOOI Y TARAY RRCAOLERNEERRERT | on
as tn enbo%&@%&t%in@é?”%%&oggg?djcﬂgnéf:g’ect of preventing permeation

of conductive high polymer material is notably improved.

In other embodiment of the invention, a manufacturing
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Fig. 3 ( a) is a perspective view show ng a constitution of a solid

el ectrolytic capacitor in a different enbodi nent of the invention, and Fig.
3 (b) is an essential nmagnified sectional view thereof . In iglfugzmaand
Fig. 3 (b) , asolid electrolytic capacitor includes a capaci’t t
part 31, a forbidden band 32 , an anode | ead-out part 33 , a dielectric

oxi de |ayepeBfioa 8£C0094A! LY YRAlY Bipd ANSr BompPisds conduct or | ayer
36. The capacitor elenent part 31 i's made of an alumnumfoil, and this

al um num foi | aha%n%dreogﬁa%@%@iwgdtyt%tpedo%ugaaﬁgngTaeraegheﬁéan19989 32 has
a nolten condensed part formed by nelting the undul ated surface of alum num
foil by | apgkopsotagsirnen that sus:fddie old ehramiessed part 32 has a

smal |l er surface area than the undul ated surface. The capacitor el enent 31

i s separated fd opreparanoedsy | sgdpoubfpaférmbndy 4 hitvrividdeidenahandeg?. The
dielectric oxide layer 34 is forned on the surface of the capacitor el enent
part 31. OprefRentunhbaperméathiva df etewduictiveitligh Pedyridd mateeiducanie

hi gh pol yner layer 35 - 22 - ~J UN 2003 made of polypyrrole is
formed. Onfomimgndauckresdsiti ghapetiakr dmythe 3Xorbicddahicband|, ayier 8henade
of carbon | ayer and silver paint layer is |amnated and forned

sequent i al rpughleaedohayeri ax poxpupdlayesr odfagbe 88lwadnebaliuat ordeayto 36
were fornmed in the same condition as in enbodi nent 1. Exenplary Enbodi nent
4 Fig. 4 (&pzmsaopodegacpovbionat deswitree tweendtia anpde lefadr oyl part

el ectrolytic capacitor in another enbodi nent of the invention, and Fig. 4
(b) is an @®femapacifednielienente®3d®hal view thereof . In Fig. 4 ( a) and
Fig. 4 ( b) , asolid electrolytic capacitor includes a capacitor el enent
part 41, a fordh gdemepintomping fiemefLoantng g dpatechsic oxigdeiayeric

oxi de layer 44 , .a conductjve high polygqer |ayer. 45, and conductor | ayer
46 . The c@patPPRCERERemtigh, PHIHEE (dayest afnd| A FARSHTHOF ahaYeR <

al um num foi |l has ,a_r.oughen undul at ed surface. The forbidden band 42 has
2 bl Tt o GRESRE g Pib, Chet BURFARRI TEnbOFn G RRP LR SLOtETh, PALE o

l um faoil. T |.it 42_h h f tti ff th dul at ed
por 1 o So ATRATARE b & 2 SR L RPdY CRRAum foi | nay be exposed.  That
is, th lit 4 I g
cur f ace. The cOpaRCh CHAERITAE p Sb g FETR < 88 MV HAEERGe
43 by thi jd 2 Ielect b j I [
the. Lur f agd ol iehe eARaRPe onta fer” B OgRavBteR, 18Ry Lo brkiaty O

dielectric oxidg |@yed dnsfitutdon, the Jsdih 2898ceLBUYELEY aagh tae! yer
| ayer 45 nmade of polypyrrole is forned. On the conductive high polyner

llayer 45, & GiHY dopsdt 4G "BEevehttaghbenel avaduaitdvel high PA1Rmdrayer
is lam nated and fornmed sequentially. The conductive high polynmer layer 45
and conductngitdmel SHfomgernfed ity i intdetlisammaindidddyowls partemy dheent
1. Exenplary Enbodinment 5 Fig. 5 (a) is a perspective view show ng a
consti tuti cioxiddesobandelsctasd Yy iabtedipesd £ 01t hencéusedwre Ly phrevenrits
enbodi nent of the invention, and Fig. 5 (b) is an essential magnified
sectional Jitewrekdstdfayen irbinggormlyg $he apdndigtive hidh polymexdlayer

el ectrolytic capacitor includes a capacitor elenent part 51, silicone

mat eri al 59%Y¥li Spspadsdnga the bfegbdddend Banda sillt cthereferet Prg¥ers®  an
anode | ead-out part 54, a dielectric oxide layer 55 , a conductive high
pol ymer | ayRecugrengs @, deseqidive ingpdatipn e tgphhaeiepradetiye 51
is made of an alumnumfoil, and this alumnumfoil has a rgghened

undul at ed FRYIREE LAIET BRARDIBELFAP RPTCIRAST HaliFS pBROSITERERSS
;LF‘E{ gégnvﬁ%@l%%g lh‘é%@ﬁ@'gf 5 & é’t?li%ﬁ@%%%@?%%@?isﬁldofit‘%bt r B the
i So-mIme B P hape™ oV |
and thi's | ORSRTEREr ArespprEfie St P LTS Sdriadr A B ER Bk g8 o,
4

is, this constitution is forned by disposing the tape - 2
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-'~ JUN 2003 having the heat resisting tape material 53 and the silicone
adhesi ve 59 adhered to this heat resisting tape material, on the undul ated
surface of the alumnumfoil. The capacitor elenment 51 is sepgmm 20@@1

t he anode | ead-out part 54 by the forbidden band 52, silicone i 9,
and silicone resist tape 53. The dielectric oxide layer 55 is forned on the
surface ofsateifhpingt bheetenwentjanalsproguctiyisyr.f ace of this dielectric
oxi de layer 55, a conductive high polyner |ayer 56 nmade of polypyrrole is
formed. On t hePrefieuablive Hilg parlepagatioryerstep, nguimiret & $tgpr &7 nmade
of carbon layer and silver paint |layer is |am nated and forned

sequent i al #a¢herhngcbt@pe Feateidghipbl g heatl apelstingril bbrene asthesdpe 57
were fornmed in the sanme condition as in enbodinent 1. In the enbodi nent,
meanwhi | e, OR i Hreddy regisdang kePRebase dtatefialhe toethetroughensd layesanpl e
5A having the resist tape 53 in_a width nearly sane as the wdth of the

f or bi dden PERPLYUS IA¥ehH Lormed OB theyisvFiase PEsthe vapeedgmetal q andith

broader than the width of the foagi dden band_52 by abqut 0.4 mm were
prepared. BEHP Hy lemydhgdhe gdpegedstppe £ee @ FRRSE T C i BRSR Hdrat

nbl ed f | i.d el | yti [ '
ambodi mont EBF 40P AN AU MRTenAds Shaad B4 LAEoBE AL FFARFR Lekamhoct o
t de_| ead-out .t ted f f i.dden.band 61.b i st
ape 6. AR R e che$B0ReRld’ 18Pb, o pdrdi adRE 7RIS ° °
ted t clt | t t .S d d
ormed by SAnERFSPRARRC Phe' B oI oded ot iR Corni na

oxt ornal 1 osi nPE7 CEREARrorHE el AV RPeb M AL R IR Y, |
el ect 1 ol Yt 4G GARAH 43 balindE oI08 ALCBRboR U ALERBAY aelafsrOly i ©

capacitor shown in Fig . e basiC electric pérfornmance an a

current yi gl fak BlEUFHBUPRcHYHEh Syt Vi D HRRAS | 13 e MOf Srii@R K Oche The
leak current yield is the rate of sanples having | eak current of 4 wA or
less in 208ugapkcof Remllviflwd meesUl eMBNite coHe@rtweron ) thedlfadde I N
each one of exenplary enbodinents 1 to 5, 200 sanples were neasured, and
the averagexetlleftseppéetsisre vbvained,abha d step26f adhering IN@$0St Tabl e
1 (Rating: 4V, 56 ~, F, average of 200 sanpl es,

tape so as to cover the forbidden band. It further prevents

"the resist material disposed on the forbidden band from forming
the conductive high polymer layer by surpassing the forbildden
band. Therefore, the effect of preventing permeation of
conductive high polymer material is securely obtained.

Preferably, the preparatory step includes a step of forming
the forbidden band having a compressed layer or molten condensed
layer by pressing or compressing a part of the roughened layer
or porous layer of the valve metal, and a step of adhering a
resist tape so as to cover the forbidden band. 1In this

constitution, the same excellent effects are obtained.
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tan b: 1 kHz value) Basic electric

per f ormancelLeakEl ectro- Leakcurrentstatictan
5currentYi el dcapaci t yc~~c%-cw~f c%-24 hr standip957.41.90.348&%35tﬂqgunﬁy48
hr standi ng57. 31. 90. 3588. 5enbodi nent. 1g6 ~ standi ng56. 61. 70. 2

st andi ng56. 51. 70. 2995. OExenpl ary enbodi nent 256. 41. 70. 2894. 5SExenpl ary
enbodi nentMEBERVEL S0tI8H FuBsiaeamrey ehbithl moenghened layer or porous

457. 01. 70. 3390. 5Exenpl ary5A) sanme w dt h56. 61. 60. 3095. Oenbodi nent 55B~
broader wilhys: 45 pFtzro8lyPredicedt BY. Ure fprhigiien kangd eso tthem thele 1,
the alumnumsolid electrolytic capacitors of exenplary enbodinents 1 to 5
have sane efiferttef Breventiegt peemgatiopmeic Conduaiiips dalght Rolymer
conventional alum numsolid electrolytic capacitor, but the alum numsolid
el ect r ol ythateGbatiipraechrete Lhbdth®®nts have a higher leak current yield
than the conventional alum numsolid electrolytic capacitor. That is, the
alum numsolid electrolytic capacitors of the enbodi nents have both
excel l ent basic electric_performance and excellent |eak current yield. Mre
specifically, EEFWR%R?¥WP$§°%£E9%€nﬁuctive hi gh pol ymer layer - 27 -~

L KIS e A
stand for SeeranTepBiT vel FBRpLeR B LI et b ISt SheaBierng tne
Tn the merid Ed e LUty IF L ERshel 1 el rIR A RL e P TS REL 0B BYF

wdth of the Fofbi s CE T 08 3P0 e PR Sl s v e pee g

effect of Ustigatsi SnVakede d1dSOFSad anF, isS a3l AT I Fxkildee 19ffesCt 40f
di sposing the forbidden band . That is , the tape wi der than the w dth of

the forbi dfegomdnstive effde ipon Rageentsf udhded JEHdERM PN Blerd NG,
conductive high polymer layer formed beyond the forbidden band.

Accor di ngl yhe pahteat iclecdirddee YONBaSt AV eabiagh tRel WRsmdrity epat-Bt @1t,he anode
| ead-out part is stably prevented. O when the resist tape is disposed to
cover the forbidden band 22, canfir ansardodadléadredtbpaptedsi.ng in the
sanpl es of exenplary enbodi nent 2, the forbidden band 32 formed by nelting
and condensi ngThys| asede pebeectxddg 10 bxamiearof erbalivmEnund foidr, tandd

for bi dden band fornmed by cutting and renoving in exenplary enbodi nent 4,
the same othbet adnmpnvinc folldcbaisc apaonghenede sarfemepar Fhiw toudghensd or
art is shown, and an extrenely excellent |eak current yield as conpared
with the pspgfagpth¢§ gptupdwdited sgrface made of concave portions and

convex portions. The anode electrode 10 is separated £from the
anode lead-out part 13 by the forbidden band 12. The forbidden
band 12 has a silicone material 19 disposed on the surface of
the concave portions and convex portions of the undulated
surface. The silicone material 19 has a low molecular silicone
having polysiloxane in a range of dimer to vigesimer of silicone.
The dielectric oxide layer 14 is formed on the surface of the

capacitor element part 11. On the surface of this capécitor
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- ~ ~a N zoo3 Exenpl ary Enbodinent 8 In exenplary enbodinents 1 to 5, the
conductive high polyner layer is formed by electrol ytic oxidation

pol ymeri zation, but not limted to this constitution, the con%uc i hi gh
pol ynmer |ayer can be forned al so by chenical oxidation polyng wmﬂﬂﬂg
method. In this constitution, too, the sane action and effect as nentioned
above are opdméfedpaftSRACc fike ¥aRRLG takvel M BgithpBLGRle rOXI &pdt 005 of

pol ymeri zati on et ﬁod i s described bel ow. Tantal um powder Wis pressed,

formed, ang,BipfeF&fei N 1sacuUMEsgRdgan ppode 1dlagidnae ©f 0. Hxi@dtion
thickness,” 2.0 mMmin width, and 1.3 mmin | ength was obtai ned as porous

val ve net aholyhheS1i PRt L88. Vahy &R dontfcd BAdDigh oS 8 Hfedt hes anpde

el ectrode was treated by anodic oxidation at 30 V in a phosphoric acid
agueous sotyhdebte: XBRseNtsr AhienoPfcdrbdn Waydidand sdiebechaist Ry | ayer
was fornmed on the surface of the anode el ectrode. This sanple was i mersed
in an aquepgslaminated &ndtAbpined Seduenkihingr. of conplex ring conpound or
its derivative pyrrole nononer, a surface active agent, and 0.05 nol/liter
of napht hal enerTs wdémfiatre the dffadt ofnthecfesbiddeni bandsl2chavimg the

oxi dation solution containing surface active agent, 0.05 nol/liter of iron
salt of naphihebreecmaterdaidt 49, ispwpleshasere hpreparedxbyatvanying the

pol ymeri zati on was perforned. Successively bleaching in pyrrole nononer

st eam at Ostahdingtimenunsdl theedldiceone vaterdal bXiwks Adappsedmntiati on
was - 29 - ~~a N Zoos carried out. Then, by washing in running water
of ion exchbageexhistier vasiotartedes, Thak kvsisanplgs mexeomadezingEegent
was removed. It was then dried at | 05C for_ 10 m nutes. Such chem cal

oxi dati on FBRGAELPREIGH F ARSI ingbing Txemforming the sligopdtateriak

| ayer conposed of_ conductive hi ggpgol ynmer was fornmed. On the_solid

h
el ectrol yt é919R%k1 BextonbeR: i3k - g RYUTS «c 36| PSS - FRhAAARANES si | ver
i nt ied. A ified i ed, As | t
Solid el ectr ol ot i EPEGHALPL JPARBEAPERRLAY TRUERPdDr Har S ShiPaTe e8I yi i c
it h th bet t bagi | i f d

TR the cORYERERBAATS Jt9 t bi@Der Bige: £ CBbactRE i dnd nad il n cHBAVE aak

. . | . | vt . i
col 14"l Lotrl PEPBebE of PERUEMHRe 1Y WbeHAEE IE L S Eg PR ERaLTRYS,
formng a %%#Q@?HS ngt ltﬂ% Anbodannde e %q_‘ﬂvé}ﬁ;ior‘?‘.”d capaci tor el ement

CRPE T orbi dden ban 0

part) and. prevents perneatlon conductive high

pol ymer materi ghﬂ 01t fig) aRade b eashy oy dpﬂ%hv,B‘éyFEﬁ?‘rﬁ‘{aﬁdﬂ_;% 406minum

conductive high pol'ymer layer From reachi ng e anode le out part,
occurrence £ 1dehR 1 vikt hiie W He ol 1P6 £VE Rinf &k 4 aifl wWate ot plial.i t ¥haf

| eading to insulation breakdown is notably decreased. Wthout sacrificing

t he producianvideye Xéctieie 00Me:img 8lichalrdhk eed sarfaice wap Eabirdca tielde
solid electrolytic capacitor having sane or better basic electric

per f or manc ¥stiingn3 ¢ lagueod® solution ciamA6ARumendisatenancdiecoxhiation
capacitor is obtained. Mreover, in the constitution in which the resi st
materi al was perxformedoin ttite redloddcaxbepd, thacatoddildshdr duthpagteladnt s
perneati on of conductive high polyner material, and it hence prevents

occur rence asd doxipidden i pand al2oefdudhe calwplaundedched okl polynthel ayer
reachi ng the anode | ead-out part, or notably decreases the probability of

| eadi ng toqoﬁlgd-ltéﬁnonoﬁre@w&@ﬁ Medittagte PhRe }23siVGt RAU&IUA gPipsien on

t he forbidden band prevents' formation of the conductive high polyner |ayer

in the anod®MPEFASHresRf (7 OfeetRpBis AP Q eSS -dddR Sarthe dhglREkEdC
Ty Do ext ARy CHAS KRS RE TT CEPAGH tARce FUPER BRI toh SE-Hee SHERSRY ect
f th iSt, ,matgrial nbi_ned t t dyce furt ff.ects .
oL e LT R AL BT RESHA° LB SEd ML sELgEl
securely obtained. These effects are noreover enhanced in the constitution
in
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whi ch the forbidden band or resist material is made of a material havi ng a
strong water repelling and heat resisting properties such as silicone.
using the valve netal of roughed foil surface, the di stance.f& gUNezoﬂa
surface of the roughened |ayer to the deep part can be shorte

Therefore, the forbidden band can be easily forned securely into the inner

parts of bifetheugheaedelé@yeroddhavies e uhhalatedesartdaetfl ecis trigs nore
securely - 31 ~ JUN 2003 obtained. - 32 = ~J UN 2003 CLAIM5 1. A
sol i d el epiroddests,c thepfctrbhddenrpand il adherdngdthel sl t ookee eatiex al
capacitor elenent part, forbidden band, and an anode | ead-out part, said
f or bi dden vandshafiamepd bCondaquenddiy,orchel susd aloet wfe rthen i dll edageetar dtor

el enent part and anode | ead-out part so as to separate said capacitor
el enent paxidenlapendet weadowiesed inB3 0k sljeeons s aiitdeon aferarjaspssed on
said capacitor element part, a conductive high polynmer |ayer disposed above
sai d di el editmarenxfddelamair, and heated at 300 degrees forl0 minutes.
In this process, a manganese oxlde layer forming a part of the
solid electrolyte layer was formed on the surface of the
dielectric oxide layer 14. Separately, to form the solid
electrolyte layer, a monomer mixed solution was prepared. This
monomer mixed solution was prepared in a step of mixing 0.5
mol/liter of pyrrole monomer and 0.1 mol/liter of sodium
propylnaphthalene sulfonate, and a step of adding water as
solvent, and ester propylphosphate as a pH regulator to adjust
topH2. Inthismonomer mixed solution, electrolytic oxidation
L polymerization was performed while bringing the polymerization
-'starting electrode closer to the surface of the capacitor
element part 11. In this way, a conductive high polymer layer
14 as a solid electrolyte layer was formed on the dielectric
oxlide layer 14. Then, as the cathode lead-out layer, a
colloidal carbon suspension was applied and dried. 1In this
process, a carbon layer was formed. On this carbon layer, a
silver paste was applied and dried. As a result, a silver layer
was formed. Thus, the conductor layer 16 having carbon layer

and sllver layer was formed. This conductor layer 16 plays a

role of cathode lead-out part. The obtained sample was mounted
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a conductor |ayer disposed above said conductive high polyner |ayer, an
anode term nal connected electrically to said anode | eadout part, and a

cat hode term nal connected electrically to said conductor Iayd'r h‘sz ' B
sai d anode el ectrode has at |east one undul ated | ayer of roughe 90

and porous layer. 2. The solid electrolytic capacitor of claim1l1, wherein
sai d anodeyehedingeépoxds resial,vandehasolddnéhgespo yedc | @fsdcDver lwyer of
roughened | ayer and porous layer. 3. The solid electrolytic capacitor of
claim1, wosmpdieteshi d undul ated | ayer has concave portions and convex
portions, and 33 = ~J UN 2003 said forbidden band has a silicone |ayer
di sposed on t Im thikaerenplary cemmoiianen porailuodauanfiobh wde used aseawf sai d
convex portions. 4. The solid electrolytic capacitor of claim3, wherein
sai d sili carald alectasie Haing vadveamesialli, cbnt nétpbiyttédxbmethihsa range
of dimer to vigesinmer of silicone. 5. The solid electrolytic capacitor of
claimil, wenrtdlusaindariove igaanddm hdd taniam ernetherhmaynpe saseld at

| east one undul ated | ayer of roughened | ayer and porous |ayer, said

f or bi dden Mads Bdsocappssdddecliopuse the isigten ehithdnedybyagdntesinghan t he
surface area of the undul ated | ayer, and said processed part has a

conpr essediet@BlePoviieRnd HRSoEITdeS ApssH PoRns andylatest sugrfapee sol id
el ectrolytic capacitor of claiml, wherein said anode el ectrode has a val ve
metal having said at | east one undul ated | ayer of roughened |ayer and
porous | ayer, said forbi l&gn band has a processed part having a snaller

surface area tHESPRIRFY QAIMERY &f the undul ated | ayer, and

Fig. 2 (a) is a perspective Yiew showing a constitution of
a solid electrolytic capacitor in other embodiment of the
invention, and Fig. 2 (b) is an essential magnified sectional
view thereof. InFig. 2 (a) and Fig. 2 (b), a solid electrolytic
capacitor includes a capacitor element part 21, a forbidden band
22, an anode lead-out part 23, a dielectric oxide layer 24, a
-Jconductive high polymer layer 25, and a conductor layer 26. The
capacltor element part 21 is made of an aluminum foil, and this
aluminum foll has a roughened undulated surface. The forbidden
band 22 has a compressed part 22 formed by pressing the undulated
surface of aluminum foil. That 1s, the compressed part 22 has
a smaller surface area than the undulated surface. The
capacitor element 21 is separated from the anode lead-out part
23 by this forbidden band 22. The dielectric oxide layer 24
is formed on the surface of the capacitor element part 21. On

the surface of this dielectric oxide layer 24, a conductive high
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sai d processed part has a nolten condensed | ayer fornmed by nelting and
condensing said undul ated layer. 7. The solid electrolytic capacitor of
claim1l, wherein said anode el ectrode has a val ve net al havinq' s\wﬁl 2003

| east one undul ated | ayer of roughened | ayer and porous |ayer,

undul ated | ayer has concave portions and convex portions, and 34 ~ ~~a

N 2003 saiyhigydit ddegeband hagag 9! | BoBiOP¥EOLET M BY-RERDVI h t BRoCONVeX

portions. e solTd el ectro ytic capaci claim1, wherelin sard

anode el eq; % Ruvl KBLRES! 10f 105 SE doflbubeest1aper Wllateeds!| aver

of roughene I ayer and porous | ayer, and said val ve net Is afoll. 9. The

solid el e‘-‘ééfﬂdﬂ'&féﬂ%é?ﬂd g1 Dfef!pa M, 1&\9@fe1§ saménatedeaghicebindg has a
val ve netal havi ng said at |east one undulated layer of roughened [ayer and

porous | aY§‘éc¥u ¥. valne mebaklubesval Begst pyIgmied! echdrf raym Bl group
consi sting of al um nurn tantalum niobium zirconium titanium a conplex

cont ai ni Ncialeest 1LaPepf 26 hRBreatidraddaliilotONs@ndi Sgnattisnshst wa of
them 10. The solid electrolytic capacitor of claiml, wherein said

conduct i veerithgdiimperityner | ayer has a product forned by electrolytic
oxi dation polymerization. 11. The solid electrolytic capacitor of claim 10,
wherein said
Exemplary Embodiment 3
Fig. 3 (a) is a perspective view showing a constitution of
a solid electrolytic capacitor in a different embodiment of the
invention, and Fig. 3 (b) is an essentlal magnified sectional
view thereof. InFig. 3 (a) andFig. 3 (b), a solid electrolytic
capacitor includes a capacitor element part 31, a forbidden band
32, an anode lead-out part 33, a dielectric oxide layer 34, a
conductive high polymer layer 35, and a conductor layer 36. The
) capacitor element part 31 i1s made of an aluminum foil, and this
aluminum foill has a roughened undulated surface. The forbidden
band 32 has a molten condensed part formed by melting the
undulated surface of aluminum foll by laser processing. That
is, the molted compressed part 32 has a smaller surface a;\rea
than the undulated surface. The capacitor element 31 is
separated from the anode lead-out part 33 by this forbidden band
32. The dielectric oxide layer 34 is formed on the surface of

the capacitor element part 31. On the surface of this

dielectric oxide layer 34, a conductive high polymer layer 35
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el ectrolytic oxidation polynerization is of at |east one nononer of conplex
five-ring conpound and its derivatives, and aryl sulfonic acid as dopant.

12. The solid electrolytic capacitor of claim1, further conpii smngp 3
resist material disposed on said forbidden band. 13. The solid’'e 9 i c

capacitor of claim12, 35 ~ J U N 2003 wherein said undul ated | ayer has
concave poft t4 sai i l,al FF?I?
i ncl udi ng Iggﬁgar?f ?)ﬁgﬁglt}%eo% £0HRea2dh B éénﬁaﬁ-ﬁﬂzé Y esP\%L [ gcposed

I ng tape materital and a silicone a

on sai d heghyLesi StiNgohAle Uil Shial 3@ ithdiot bRLBLAIERYbAMh AR er

silicone di ayer having a Shape as It sal | cone adhesi ve were

di sposed 0§?£H€ Sﬁﬁjéxcei%f ?.ﬁhﬁlnﬁ?@ﬁavﬁmﬁ?prfdﬂl@d a@@q%ntt&%ﬁwr.fl gcqf\b%f sai d

convex portions. The soli1d electrolytic capacitor of claim erein

said sili CeBﬁdﬁeP?§EVﬁiBﬁSpél#rﬂé’r”Pé?ék'|@5 Shd i SORRuOto POl Hpd s BPRRr @
range of dinmer to vigesinmer of silicone. 15. The solid electrolytic

capacitor ehrfbai fhl8heWsame RohdidibaPashan 2mdpod@eRntnvidth than the wi dth
of said forbidden band. 16. The solid electrolytic capacitor of claim12,

wherein said anode el ectrode has a valve nmetal having said at |east one
undul ated | ayer of roughened | ayer and porous |ayer, said undul ated | ayer
has concave poEkempiagpdEmboddmendr 4 ons, said forbidden band has a
processed part having a smaller surface area than the surface area of the
undul ated | ayeFigandl (a) is a perspective view showing a constitution of
a solid electrolytic capacitor in another embodiment of the
invention, and Fig. 4 (b) is an essential magnified sectional
view thereof. InFig. 4 (a) andFig. 4 (b), a solidelectrolytic
capacitor includes a capacitor element part 41, a forbidden band
42, an anode lead-out part 43, a dielectric oxide layer 44, a
conductive high polymer layer 45, and a conductor layer 46. The
capacitor element part 41 is made of an aluminum foil, and this
\ aluminum foil has a roughened undulated surface. The forbidden
band 42 has a split groove 42 formed by cutting and removing
the undulated surface of aluminum foil. The split groove 42
has a shape of cutting off the undulated portion so that the
base material of the aluminum foil may be exposed. That is,
the split groove 42 has a smaller surface area than the undulated
surface. The capacitor element 41 is separated from the anode
lead-out part 43 by this forbidden band 42. The dielectric

oxlde layer 44 1s formed on the surface of the capacitor element

part 41. On the surface of this dielectric oxide layer 44, a
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sai d processed part has a conpressed |ayer fornmed by conpressing said

undul ated |l ayer. 17. The solid electrolytic capacitor of clai jmwil n
sai d anode el ectrode has a val ve netal having said at |east “oMe d

| ayer of roughened | ayer and porous |ayer, 36 - 4J UN 2003 said

undul ated | ayer has concave portions and convex portions, said forbidden
band has amdeetiee high phdyiney layemdbanade ofapelvpraroharis fermedf.ace
area of the undul ated | ayer, and said processed part has a nolten condensed
| ayer for el the manduetisved hd@hdprdiymgrsdrtienntl & epnidnafor dgyerhd6sol i d
el ectrolytic capacitor of claim 12, wherein said anode el ectrode has a

val ve net ahagevehcarhen stayedaand sl iveiiRalad 1ayer ds dengnated mager and
porous |ayer, said undul ated |ayer has concave portions and convex
portions, EeEMediseIuTHiidlely bad@ehggnguspive hrBope lygesredaper refmenidng t he
convex portions. 19. The solid electrolytic capacitor of claim 12, wherein
sai d anodec@Rr@Betelela¥sra4famed endiomath\Ahthiei gpme condition as in

embodiment 1.

Exemplary Embodiment 5
Fig. 5 (a) is a perspective view showing a constitution of
a solid electrolytic capacitor in a further different
embodiment of the invention, and Fig. 5 (b) is an essential
magnified sectional view thereof. InFig. 5 (a) and Fig. 5 (b),
a solid electrolytic capacitor includes a capacitor element
part 51, silicone material 59 disposed on a forbidden band 52,
a sllicone resist tape 53, an anode lead-out part 54, a
" dielectric oxide layer 55, a conductive high polymer layer 56,
and a conductor layer 57. The capacltor element part 51 is made
of an aluminum foil, and this aluminum foll has a roughened
undulated surface. The low molecular silicone 59 having
polysiloxane of dimer to vigesimer of silicone is disposed on
the undulated surface of the forbidden band 52. The silicone
resist tape 53 is glued so as to cover the forbidden band 52.
The silicone material 59 is a low molecular silicone, and this
low molecular silicone 59 plays a role of silicone adhesive.

That is, this constitution is formed by disposing the tape
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| east one undul ated | ayer of roughened | ayer and porous |ayer, and said
valve netal is a foil. 20. The solid electrolytic capacitor of claim12,
wherein said anode el ectrode has a valve netal having said at t one
undul ated | ayer of roughened | ayer and porous |ayer, and sa|d4 jiﬁu

has at | east one selected fromthe group consisting of alun1nun1 tantalun1

ni obi UM 2 L6005 UPhe [hE ! ¥k 18+ SRTPESSe CARELRIT5S! ah8aThe! W10 dC

and an al |’ oy containing at em 21 e soli e ctro ytlc

capaci tor ofngkal g 42, améf@antéaﬂrﬁ§wyatctfe%q& éﬁaérlﬁ{aﬂe%i%rl has

product formed by electrolytic 37 =~JUN 2003 oxXi on pol yrrerlzatlon

of conpl extfikVanabidte@MRAIAcellof A LNEmIRARTB610{ | fhedes F)‘é%tllt\(ﬁs and
aryl sulfonic acid as dopant. 22. A nmanufacturing nethod of so

el ectrol yt éieﬁéﬁ@csi Qs &Q ?Ié&*a&'e'agffbﬂ ShERdde 1eaki-batdpagtans anpdae
el ectrode, (b) form ng a forbidden band in said anode el ectrode in order to

forma bOUEdéb!daehtbaﬁdbsn yeem fooid afd t 1 £1 e lan@n sl 1Abra) rada
| ead-our part, (c) formng a dielectric oxide |ayer on said capacitor

el ement pathpe(sB. f OhE e BecORfuHiGe Dagbr(BH YEefolimy®bnabiy &wdlate
dielectric oxide layer, (e) formng a conductor |ayer above said conductive
hi gh pol ynef ltheercagdditomnnetémnent apaaboda .t elOn niie eserfacealblfy thissai d
2node | ead-out part, and (g) connecting a cathode termnal electrically to
sai d condudtielec&ydr, oxhdeclayanibh staepoufiuctdsienyighepahynwer elayer dde

i ncludes a step of formng at | east one undul ated | ayer of roughened | ayer
and por ousmadgeof molynyrnokads fornefd Hmwdidecteonductidve high polymer

layer 56, a conductor layer 57 made of carbon layer and silver
paint layer 1s laminated and formed sequentially. The
conductive high polymer layer 56 and conductor layer 57 were
formed in the same condition as in embodiment 1. 1In the
embodiment, meanwhile, in order to confirm the effect of the
resist tape 53, a sample 5A having the resist tape 53 in a width
-’ nearly same as the width of the forbidden band 52, and a sample
5B having the resist tape 53 in a width broader than the width

of the forbidden band 52 ‘gy about 0.4 mm were prepared.

Exemplary Embodiment 6

Fig. 6 1s a sectlional view showing assembled state and
external state of a solid electrolytic capacitor in an
embodiment of the invention. An anode terminal 65 is
electrically connected to an anode lead-out part 64 separated

from a forbidden band 61 by a resist tape 62. A cathode terminal
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23. The manufacturing nmethod of solid electrolytic capacitor of claim 22,
wherein said anode el ectrode has a valve netal. 24. The manufacturin

met hod of solid electrolytic capacitor of claim22, whereirr adUNtZ&]&f
form ng the forbidden band includes a step of formng a silicone coat film
on the surface of said undul ated | ayer. 36 = ~J UN 2003 25. The

manuf act urg g@srelidwttida B0y icdnelertigdt yttile sapatated edpad ot ot 2. emerdr €i n
said undul ated | ayer has a surface of concave portions and convex portions,
and sai d e &3.f oLl by ndkdédrdridldornenty aal edesrnaitepsdh DmAEAdRY a
silicone on the surface of said undul ated |ayer, and a step of letting
stand for &f speryfi erhe pre jenttiingcandde itepasiathls6biaruheathode ffexsdichaan t he
surface of said concave portions and convex portions. 26. The nanufacturing
met hod of &®l iadecfeodtfied! glongctpacide amd boditon?2f therextersmall refssim of
form ng the forbidden band includes a step of cutting and renoving the
convex por§7ons of said undul ated |ayer. 27. The manufacturing nethod of
solid electrolytic capacitor of claim?22, wherein said step of formng the
f orbi dden band includes a step of form ng a conpressed part by conpressing
the convex portions of said undul ated | ayer. 28. The manufacturing nethod
of solid el ectExgnplary dipeedbment ¢| aim 22, wherein said step of fornming

t he forbidden band includes a_step of forming a nolten condensed part by
nel ting part ofR sSHIWF BRARGHY algypinum o SEARFERINF I P FIRAHIPTHF - sol i d
el ectrolytic_capacitor of claim22, wherein id_step qQf formng the
conduct i veaR¢ gﬁgﬁoF?HEPnIt&)?éﬁa]i aygningm, 591i$e@t1fe€|tﬁ°i%¥t6ﬂ capamttor

o Sor | o cPhovRgnTRE- Epkbeie s S1eatRisbeF HPFRERCR Y RSPREERATD of
0 SpOST NG QL0813 ATRRSKA) #3113kl eEREBGHER BaRdeaBhr JDS IMIARLYT N0
The leak current yield is the rate of samples having leak current
of 4 pA or less in 200 samples. Results of measurement are
summarized in Table 1. In each one of exemplary embodiments
1 to5, 200 samples were measured, and the average of 200 samples

is shown in Table 1.
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of claim 30, wherein said undul ated | ayer has a surface of concave portions
and convex portions, and said step of form ng the forbidden band includes a
step of disposing a tape having a heat resisting tape base.mgterial and a
silicone adhesive di sposed on said heat resisting tape base-m:bt‘} |N1I20 d a
step of letting stand for a specified tinme until said silicone adhesSi S
di ffused on the surface of said concave portions and convex portions. 32.
The manuf act ul t ho, . SOl i | egkr phyt | ChlO f hm.30,
wher ei n sai d%@%eo fo&rﬁnﬁéghegfgf b?gdgﬁ'b%ﬁafgﬁgl B egog gt%gghg%'f orm ng
a split groove by renoving, part; gigsabgh yoful ated surface, and a step of
adhering said resist tape to cover said split groove. 33. The manufacturing
met hod of +t—etectrot vt t~C L,apaL.T or—of—ctanrSo—mnheretrmsart—st eP of
forning the forbidden band includes a Bf¥p Y FiGr PTAGEBor eslsed, Payert by
pressing part of said undul ated suffAggroand a step Jof adheri|nguaald rlesi st
tape to cover said conpressed | ayef. sBdticThie nmauf ac u&’r‘ et hadexsf dol i d
el ectrol ytj c capacitor of claim 30f aaherd&ynl said step o orni ng the
forbidden pand 4Q '- ~ J U N 2008 i ngdyude f {@nm ng a(splt4g

S a(siep

condensed yer—by—mgHtTy—part—ofrsard—m ;
adhering spid resist [t 3% B0 | safl *nol t en *cdndehsel:Yayel . 85
. A. A3% AHs xés. A N e A fedbadP| AYAr A& AF&. AlL.e% A . Aosss. Al [ % €691 . |A
n9. AY% A, Sfmn il L. Y AHAASH AT A A HS AT TAS A
1. A@AU . A A AR A A A8 Y PERROIRG| - | 58 16,7 ubkT A 1Y ¢ h] cA1%%a] ch] c€a] o ] cau
] caU] ca] ca] ca] ca] ca] clalsaagcstamaleq| cakea] cal calica] cal cabes] cal caps.al caU c*a
|
J cRat uFm Exemplary embodiment 2 56.4 1.7 0.28 94.5
Exemplary embodiment 3 56.7 1.8 0.30 92.5
Exemplary embodiment 4 57.0 1.7 0.33 90.5
Exemplary 5A, same width 56.6 1.6 0.30 95.0
embodiment 5 |gp proader width|  56.4 1.7 0.27 95.5
Prior art 57.9 2.1 0.34 82.0

As clear from Table 1, the aluminum solid electrolytic
capacitors of exemplary embodiments 1 to 5 have same or better
basic electric performance as compared with the conventional
aluminum solid electrolytic capacitor, but the aluminum solid ‘
electrolytic capacitors of the embodiments have a higher leak
current yield than the conventional aluminum solidelectrolytic
capacitor. That 41is, the aluminum solid electrolytic
capacitors of the embodiments have both excellent basic
electric performance and excellent leak current yield. More

speclfically, permeation of the conductive high polymer layer
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rDbM] f
I)04hl ClJl‘k~#b| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] c, a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] caU] ca] ca] ca] cal EZ" prqVSU \’\Uﬁ ajc
aJca] c: a]ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca calca] ca
]ca]l ca]ca]ca] ca]cal ca! NF: u9p;r{ ?
I'&| wr | gbidfodilje ahodpcktd dadwiapaat] mpm&]rea]:ed]baa]:héaﬂm@r@qlem]bfm:]d;a] cal ca
] ca] calcalca]calcalca]ca]calcalcalcalcal &' ! M ! Z"##H#HIH(#HIUREE ' "' -" . """
" (*=*zupkf ihV\]pm]tnac]wl*a] caliva]thed cmpeshrelic afesilta] of] cs@mp,].ea] e ca] ca]
cal] ca] ca] ca] ca]c*a] cal] ca] cal] cal] ca] ca] ca] cal =*---- -/9/ n//]&0] 000
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and 22 compressed and formed by pressing in the samples of

exemplary embodiment 2, the forbidden band 32 formed by melting
and condensing by laser processing ln exemplary embodiment 3,
or the forbldden band formed by cutting and removing in
exemplary embodiment 4, the same or better basic electric
performance as compared with the prior art is shown, and an
extremely excellent leak current yleld as compared with the

prior art is obtained.
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“110%& () -notriliguiged tosthbsgeenstitypiions ithe conductive high polymer
310% & ()-s10% & ()-s!10% & () -f#&
layer can be formed also by chemical oxidation polymerization
method. In this constitution, too, the same action and effect
as mentioned above are obtained. A specific example of this
chemical oxidation polymerization method is described below.
Tantalum powder was pressed, formed, and sintered in vacuum,
and an anode electrode of 0.9 mm in thickness, 2.0 mm in width,
and 1.3 mm in length was obtained as porous valve metal. This
porous valve metal has leads. The surface of the anode
electrode was treated by anodic oxidation at 30 V in a phosphoric
acld aqueous solution at concentration of 5 wt.%, and a
‘"dielectric oxide layer was formed on the surface of the anode
electrode. Thils sample was immersed in an agqueous solutilon
containing 0.7 mol/liter of complex ring compound or its
derivative pyrrole monomer, a surface active agent, and 0.05
mol/liter of naphthalene sulfonate as dopant. In succession,
immersing in an oxidation solution containing surface active
agent, 0.05 mol/liter of iron salt of naphthalene sulfonate,
liquid phase chemical oxidation polymerization was performed.
Successively bleaching in pyrrole monomer steam at 0°C for 30

minutes, vapor phase chemical oxidation polymerization was
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chemical oxidation polymerizatlon was repeated 15 times. Thus,
a solid electrolyte layer composed of conductive high polymer
was formed. On the solid electrolyte layer of conductive high
polymer, colloidal graphite and silver paint were applied. A
specified appearance was appliled. As a result, a solid
electrolytic capacitor was formed. Thus fabricated solid
electrolytic capacitor had the same or better basic electric
performance as compared with the conventional solid
electrolytic capacitor, and had a higher leak current yleld than

the conventional solid electrolytic capacitor.

Thus, the solid electrolytic capacitor of the invention has
_'a forbidden band for forming a boundary portion of the anode
lead-out part and capacitor element part, and this forbidden
band prevents permeation of conductive high polymer material
into the anode lead-out part. Bypreventing the conductive high
polymer layer from reaching the anode lead-out part, occurrence
of defective insulation is prevented, and the probabllity of
leading to insulation breakdown is notably decreased. Without
sacrificing the productivity of the conventional solid
electrolytic capacitor, the s0lid electrolytic capacitor

having same or better baslic electric performance than the
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I f2s! 10% & £ )30 cdd¥d 8n(Lhe forbidden band, the forbidden band prevents

110%& () -0, FI0%& ()-!'%40% " & ()-%0%& ()-777777797: _=10

I yF! 1093 3geimeat Nbn 168 dndudRiveé@iigh polymer material, and it hence
prevents occurrence of defective insulation due to the
conductive high polymer layer reaching the anode lead-out part,
or notably decreases the probability of leading to insulation
breakdown. Further, the resist material disposed on the
forbidden band prevents formation of the conductive high
polymer layer in the anode led-out part by surpassing the
forbidden band, and hence prevention of defective insulation
and prevention of insulation breakdown may be extremely
enhanced. The effect of the forbidden band and the effect of
the resist material are combined together to produce further
effects. As a result, the solid electrolytic capacitor having

-'such effects 1s securely obtained.

These effects are moreover enhanced in the constitution in
which the forbidden band or resist material is made of amaterial
having a strong water repelling and heat resisting properties
such as silicone.

By using the valve metal of roughed foill surface, the
distance from the surface of the roughened layer to the deep
part can be shortened. Therefore, the forbidden band can be
easlly formed securely into the inner parts of the roughened

layer. As a result, the aforesald effects are more securely
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CLAIMS

1. A solid electrolytic capacitor comprising:

an anode electrode having a capacitor element part, forbidden
band, and an anode lead-out part,

said forbidden band having a boundary portion placed

between said capacitor element part and anode lead-out part

so as to separate said capacitor element part and anode lead-

out part,

a dielectric oxide layer disposed on said capacitor element
part,

a conductive high polymer layer disposed above said dielectric
oxide layer,

a conductor layer disposed above said conductive high
polymer layer,

an anode terminal connected electrically to said anode lead-
out part, and

a cathode terminal connected electrically to said conductor
layer,

wherein said anode electrode has at least one undulated layer
of roughened layer and porous layer.

2. The solid electrolytic capacitor of claim 1, wherein said
anode electrode has a valve metal forming said at least one layer of
roughened layer and porous layer.

3. The solid electrolytic capacitor of claim 1,
wherein said undulated layer has concave portions and convex
portions, and
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said forbidden band has a silicone layer disposed on the
surface of said concave portions and on the surface of said convex
portions.

4, The solid electrolytic capacitor of claim 3, wherein said
silicone layer has a low molecular silicone of polysiloxane in a range
of dimer to vigesimer of silicone.

5. The solid electrolytic capacitor of claim 1,

wherein said anode electrode has a valve metal having said at
least one undulated layer of roughened layer and porous layer,

said forbidden band has a processed part having a smaller
surface area than the surface area of the undulated layer, and

said processed part has a compressed layer formed by
compressing said undulated layer.

6. The solid electrolytic capacitor of claim 1,

wherein said anode electrode has a valve metal having said at
least one undulated layer of roughened layer and porous layer,

said forbidden band has a processed part having a smaller
surface area than the surface area of the undulated layer, and

said processed part has a molten condensed layer formed by
melting and condensing said undulated layer.

7. The solid electrolytic capacitor of claim 1,

wherein said anode electrode has a valve metal having said at
least one undulated layer of roughened layer and porous layer,

said undulated layer has concave portions and convex
portions, and
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said forbidden band has a split groove formed by removing the
convex portions.

8. The solid electrolytic capacitor of claim 1,
wherein said anode electrode has a valve metal having said at
least one undulated layer of roughened layer and porous layer, and

said valve metal is a foil.

9. The solid electrolytic capacitor of claim 1,

wherein said anode electrode has a valve metal having said at
least one undulated layer of roughened layer and porous layer, and

said valve metal has at least one selected from the group
consisting of aluminum, tantalum, niobium, zirconium, titanium, a
complex containing at least two of them, and an alloy containing at
least two of them.

10. The solid electrolytic capacitor of claim 1, wherein said
conductive high polymer layer has a product formed by electrolytic
oxidation polymerization.

11. The solid electrolytic capacitor of claim 10, wherein said
electrolytic oxidation polymerization is of at least one monomer of
complex five-ring compound and its derivatives, and aryl suifonic

acid as dopant.

12. The solid electrolytic capacitor of claim 1, further
comprising a resist material disposed on said forbidden band.

13. The solid electrolytic capacitor of claim 12,
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portions,

said resist material has a tape including a heat insulating tape
material and a silicone adhesive disposed on said heat resisting
tape material, and

said forbidden band has a silicone diffused layer having a
shape as if said silicone adhesive were disposed on the surface of

said concave portions and on the surface of said convex portions.

14. The solid electrolytic capacitor of claim 13, wherein said
silicone adhesive has a low molecular silicone of polysiloxane in a

range of dimer to vigesimer of silicone.

15. The solid electrolytic capacitor of claim 13, wherein said
tape has a broader width than the width of said forbidden band.

16. The solid electrolytic capacitor of claim 12,

wherein said anode electrode has a valve metal having said at
least one undulated layer of roughened layer and porous layer,

said undulated layer has concave portions and convex
portions,

said forbidden band has a processed part having a smaller
surface area than the surface area of the undulated layer, and

said processed part has a compressed layer formed by
compressing said undulated layer.

17. The solid electrolytic capacitor of claim 12,

wherein said anode electrode has a valve metal having said at
least one undulated layer of roughened layer and porous layer,
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said forbidden band has a split groove formed by removing the
convex portions.

19. The solid electrolytic capacitor of claim 12,
wherein said anode electrode has a valve metal having said at
least one undulated layer of roughened layer and porous layer, and

said valve metal is a foil.

20. The solid electrolytic capacitor of claim 12,

wherein said anode electrode has a valve metal having said at
least one undulated layer of roughened layer and porous layer, and

said valve metal has at least one selected from the group
consisting of aluminum, tantalum, niobium, zirconium, titanium, a
complex containing at least two of them, and an alloy containing at
least two of them.

21. The solid electrolytic capacitor of claim 12, wherein said
conductive high polymer layer has a product formed by electrolytic
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oxidation polymerization of complex five-ring compound, at least
one monomer of its derivatives, and aryl sulfonic acid as dopant.

22. A manufacturing method of solid electroiytic capacitor
comprising the steps of:

(a) feeding an anode electrode,

(b) forming a forbidden band in said anode electrode in order
to form a boundary portion between a capacitor element part and an
anode lead-our part,

(c) forming a dielectric oxide layer on said capacitor element
part,

(d) forming a conductive high polymer layer above said
dielectric oxide layer,

(e) forming a conductor layer above said conductive high
polymer layer,

(f) connecting an anode terminal electrically to said anode
lead-out part, and

(g) connecting a cathode terminal electrically to said
conductor layer,

wherein said step of feeding the anode electrode includes a
step of forming at least one undulated layer of roughened layer and

porous layer on the surface of said anode electrode.

23. The manufacturing method of solid electrolytic capacitor
of claim 22, wherein said anode electrode has a valve metal.

24. The manufacturing method of solid electrolytic capacitor
of claim 22, wherein said step of forming the forbidden band
includes a step of forming a silicone coat film on the surface of said
undulated layer.
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25. The manufacturing method of solid electrolytic capacitor
of claim 22,

wherein said undulated layer has a surface of concave
portions and convex portions, and

said step of forming the forbidden band includes a step of
forming a silicone on the surface of said undulated layer, and a step
of letting stand for a specified time until said disposed silicone is
diffused on the surface of said concave portions and convex
portions.

26. The manufacturing method of solid electrolytic capacitor
of claim 22, wherein said step of forming the forbidden band
includes a step of cutting and removing the convex portions of said
undulated layer.

27. The manufacturing method of solid electrolytic capacitor
of claim 22, wherein said step of forming the forbidden band
includes a step of forming a compressed part by compressing the
convex portions of said undulated layer.

28. The manufacturing method of solid electrolytic capacitor
of claim 22, wherein said step of forming the forbidden band
includes a step of forming a molten condensed part by melting part
of said undulated layer.

29. The manufacturing method of solid electrolytic capacitor
of claim 22, wherein said step of forming the conductive high
polymer layer is to form by electrolytic oxidation polymerization of
monomer.
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of claim 22, further comprising a step of disposing a resist material
on said forbidden band.

31. The manufacturing method of solid electrolytic capacitor
of claim 30,

wherein said undulated layer has a surface of concave
portions and convex portions, and

said step of forming the forbidden band includes a step of
disposing a tape having a heat resisting tape base material and a
silicone adhesive disposed on said heat resisting tape base
material, and a step of letting stand for a specified time until said
silicone adhesive is diffused on the surface of said concave portions
and convex portions.

32. The manufacturing method of solid electrolytic capacitor
of claim 30, wherein said step of forming the forbidden band
includes a step of forming a split groove by removing part of said
undulated surface, and a step of adhering said resist tape to cover
said split groove.

33. The manufacturing method of solid electrolytic capacitor
of claim 30, wherein said step of forming the forbidden band
includes a step of forming compressed layer by pressing part of said
undulated surface, and a step of adhering said resist tape to cover
said compressed layer.

34. The manufacturing method of solid electrolytic capacitor
of claim 30, wherein said step of forming the forbidden band
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cover said molten condensed layer.
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