;i ] kl e3edFBP6T-1 TI TLE OF THE | NVENTI ON AN ANODE MEMBER FOR A SOLI D
ELECTROLYTI C CAPACI TOR, AN ELECTROLYTI'C CAPACI TOR USI NG THE SAME, AND A
METHOD OF MAKI NG THE SAME BACKGROUND OF "FHE | NVENTI ON The present invention
relates to capacitors used in various el ectronic equipnent, particularly to
an anode nmenber using valve netals for a solid electrolytic capacitor, an
el ectrolytic capacitor using the sane, and a net hod of meking the sane.
Generally, electrolytic capacitors used for e.g. secondary circuits of
power sources and CPU peripheries of personal conmputers are strongly
desired to be smaller in size and higher in capacitance, and also to be
lower in the ESR (equival ent series resistance) for adaptation to high
frequenci esTIﬂEOE[qm;E INYENTEONt i ve vi ew of an anode nenber for a
conventional solid electrolytic capacitor of such kind. Referring to FIG 1,
reference numeral 1 AN ANOBEJMAMBER PR o Sdde ELECARABYTIE EARAGIRORUNer al
2 is an anode nenber made by nol ding a val ve netal powder of e.g. tantal um
or ni obi um AN ELECTROKKRﬁGMﬁAP@ﬁéE@RaHﬁIMQ'@ﬂbéﬂﬂﬁthﬂﬁeAlMEEHQDr@Fl in the
nmol d of the vale netal powder. This kind of structure is called pellet
structure, MAKENGi THESAMERl | y often used. More specifically, the anode
menber 2 is nmade by: nolding the valve netal powder having the lead wire 1
enbedded therein to a nol ded body of the given shape; sintering the nol ded
body; subjecting the sintered body to anodic oxidation to forma dielectric
oxi de fil m BAGKGROUNR )OR)ITHE INYENFIONur f ace; and then sequentially formng
a solid electrolyte layer (not shown) on the dielectric oxide filmand
form ng a cat hode | ayBre (prstisegitownyenhiorarelalresatodeapacitons sed ighown)
for external connection is connected to the lead wire 1 of the anode nenber
2, and a cawvhuodleuseelecttor(imntequipment{ opaxii@rlaailyc donent annde smemverect ed
to the cathode | ayer. The thus processed body is subjected to a nol ding
usi ng a nol disdggnuatve atetaich fag eperyideslectmplyddic chpaghbde, namber 2
with the nolding material, thereby to make a solid electrolytic capacitor.
Furt her nor eeleeteolyvic otaphcditest nslingi the apame + @rsl asmeghodsof| making yt e,
el ectrically conductive polyners, which have i nconparably higher electric
.conductivitithe shma.conventionally used nanganese di oxi de, were devel oped
and -3 commercialized in order to realize | ower ESR However, such a
conventi onal anode neGdrerally .aelectrolytic i cappapdoirtsonsedi Agrt éeganode
menber as descri bed above have drawbacks in the difficulty of realizing
smal | er capsecpodary chraiifterofc powert aogeces\ apk AU peeiphpidesfofri or
attenpt to make such

personal computers are strongly desired to be smaller in size

and higher in capacitance, and also to be lower in the ESR
(equivalent series resistance) for adaptation to high
frequencies.

FIG. 1 is a perspective view of an anode member for
a conventional solid electrolytic capacitor of such kind.
Referring to FIG.1l, reference numeral 1 is a lead wire for an
anode terminal, reference numeral 2 is an anode member made by

molding a valve metal powder of e.g. tantalum or niobium to a
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conventional electrolytic capacitors smaller in size and higher in
capacitance is disclosed in Japanese Lai d-open Patent Publication
2000-306782. FIG 2 is a perspective view partially in cross section, of a
single layer solid electrolytic capacitor according to such prior attenpt.
As shown in FIG 2, a solid electrolytic capacitor is proposed, which has:
an anode body 3 nade of a valve netal foil; a sheet form anode | ayer 4
formed on the anode body 3 and nmade of a sintered body having mcro pores
and being of a high CV valve netal powder; and a solid electrolyte |ayer 5
and a cathode |ayer 6 forned on the sheet form anode |ayer 4. The above
descri bed anode body and the anode | ayer, as well as inner surfaces of the
m cro por esgiven hehapodnd dyeembadding thee|leadr wdrexildinf thenraldrdrext t her eon
by having. been subjected to anodi c oxidation. However, on the surface of

t he val ve nthelvdls Imedfalt pewdeode Thddy k3ndi opusttueursudls caldeds Fe, Si,

al kaline netals and alkaline earth netals are likely to segregate.

Fur t her nor epellet sttrffacmrer, eahdtht he galermalint aftkai iseéd. i nconparabl y

| arger than that of a |ead wire having a usually often used dianeter of
0.25 mm Accordi ngl y Moxeclspetifttaly asthad dnogdie2membepnpaisitmadd \bynor e

i nfluenced by the inpurities in the netal foil conposition, whereby |eakage
current of mbedimsutieanialslecaibtal ypowdemn feniing thecleadewirée Nl arbayddsd ds,
because of the use of the valve netal foil for the anode body 3, the

di el ectric ouéteind itond aforaddbpoteonntlitk ayicrendahaps; asentékily e have
nore defects, so that the resultant solid electrolytic capacitor is likely
to suffer |mop&ed | sedsaosublieceihg Bk EHifiddiRYody TOEahONENTIXtINdtions an
obj ect of the present invention to solve the problens of such prior art,
and to provtdefeiin adalielEvthee bride SDIim d iteghowhyt b fepasiterr whi ch, by
using a high CV powder, can realize snmaller size, higher capacitance,

smal | er | eakageacely rafd thesh lseyaentESRL1Y hEomriegeatl sonyanélegtdBeeepr ovi des
an electrolytic capacitor using the anode nmenber, and a nethod of making

t he anode nkaber. (ot asrEd )neRbehe Lol ettxlid @xikde Ehemeahdi i -5
has a structure, conprising an anode body nade of a valve netal foil having
a purity of cathod€sEaydiiNndt whwandtheresivdeah aywsderattarninad gnoter ed body
of a valve netal powder, which anode layer is formed on the anode body. By
suppr essi ngshben prbdintexfernad coptHectjon olE aidig@dted! te YRéVEea®twird @i | to
an anount not nore than 1 w% inpurities in a dielectric oxide filmforned
by anodi ¢ osEdghé Ginésds nidnbednar, edhdse ¢dtHodieftedininan {(het dsiebwe) risr oxi de
filmcan be decreased. Therefore, |eakage current of the resultant solid

el ectrol yti excepral t@nrsvtilon deccoasetted i ahedeakhtiddepleyer ablmehas a
rough surface, i.e. alternating convex-concave surface. Thereby,
inpurities ghgseppdbesksut thodlysusl sapjedtédety/ a woldehgl usdhg £ aol®ing

| owered. At the sane tine, netal bonding between the anode body of the

val ve net al mheetiahdsudie sanepoxyayesinftséd hvatalthe aRbde member >iwdiH ed
body can be inproved. Consequently, |eakage current of the resultant solid
el ectrol yti ¢heaperdinmg material, thereby to make a solid electrolytic

capacitor.

Furthermore, recently solid electrolytic capacitors
usling, as electrolyte, electrically conductive polymers, which
have incomparably higher electric conductivities than

conventionally used manganese dioxide, were developed and



can be decreased. Furthernore, it is preferred that tantal um or niobium be

used for the valve netal foil, and that tantal um or niobiumeach of a
purity of not |ess than 99 wt % be used for3the val ve netal powder in the
val ve netal powder sintered body. -6 Thereby, good form ng or anodic

oxi dation property, nanely honpbgeneous conposition and uniformthickness of
the dielectric oxide film can be realized with the inpurity contained in
the val ve netal powder sintered body being suppressed to an anount of not
nore than 1 wt% resulting in decreased defects in the dielectric oxide
film Accordingly, the resultant solid electrolytic capacitor can enjoy a
decreased | eakage current and a hi gher capacitance. The solid electrolytic
capaci tor accommengliabdized in oyser itoveraldne cbowsy FSR.t he fol | owi ng four
el enents that are sequentially stacked: an anode body nade of a val ve netal
foil having a purity oflowenex.essichhancogventionml ansde meybernand ah a
val ve netal powder sintered body; a solid electrolyte |layer; and a cat hode
| ayer. Ther eleyecareditiic etcapacidont msiogpabet anodavmempexr susaldestriakede
current can be obtained with a stable reproducibility. Still further, the
solid el ectrabptve hayerdpawarkeblin dchepdiféicabty| el tnaaddlzlingcemdliterve
polymer material. Thereby, the electrical conductivity of the solid
el ectrol yt e |capacitansbeitndeighery dapgicitandet hus a very | ow ESR can be
realized. Another structure of a solid electrolytic capacitor accordi ng
to the present inventiBAnsperificexampieaof pfieat dtamipt wo makedsuch
el ectrolytic capacitor elenents stacked on each other, each solid
el ectrol yti c compaattionatl elertralyiyd sapgcihoasositaliely inndd zef andval ve
nmetal foil having a purity of not less than 99 wt % an anode | ayer nade of
a val ve net alhighetdeinscapacttainelyis disclioded| tntJapaiesd dpdd-oped a
cat hode | ayer that are sequentially stacked on each other. Thereby, a solid
el ectrol yti c Rajeati Pablbéatich i2000-BOs78ESREL® 2 46i bl parghect Dapacidwgnce
can be obtained. A nethod of meking an anode nenber for a solid
el ectrol yti c peapedalilgr inccoosis gpdinidmhe ofir asehhglekapteémsodddpri ses a step
of form ng a rough surface on an anode body by subjecting the surface of
t he anode bodlemdelgtia vapaeiimt alcdoaxidingatongueh mrridry atftemptt .| s t han
99 wt% to an etching treatnment or a blasting treatnent, and a step of
form ng, on tdmwandaeFlady?2, aa solide dlapdrolgttc otapacsi tdreriad progysed , a
val ve netal powder. By this nethod, a solid electrolytic capacitor having a
smal | | eakagevicithr dials :can drodashddy Gbimaidecdf #wakve e tady doifleatiusheedf
the present invention are set forth particularly in the appended cl ai ns,
t he present iffomentanode bhavéras farmedan thei anocdetbadntErdnd wade b& hett er
~g_ understood and appreciated, along with other objects and features
t hereof , fromintered bodynhadihainisdroeerespandnbe ke rof ra ddighudyt vahvei t h
t he draw ngs. BRI EF DESCRI PTI ON OF THE SEVERAL VIEWS OF THE DRAWNG FIG 1
IS a perspectmetmalyippwdel ; aandna esvlich @ leatodéyhenbayer caldned apelattbbde
structure, for a conventional solid electrolytic capacitor.

layer 6 formed on the sheet form anode layer 4.

The above described anode body and the anode layer,
as well as inner surfaces of the micro pores in the anode
layer, have a dielectric oxide film formed thereon by having
been subjected to anodic oxidation. However, on the surface

of the valve metal foil of the anode body 3, impurities such



FIG 2 is a perspective view, partially in cross section, of a conventional
single layer solid electrolytic capacitor using another conventional anode
nmenber. FIG 3 is a perspective view, partirally in cross section, of a
single layer solid electrolytic capacitor according to the present

i nvention using an anode nenber according to the present invention. FIG 4
is a cross-sectional view of a stack type solid electrolytic capacitor
according to the present invention, with stacked solid electrolytic
capacitor elenents each using an anode nenber according to the present
invention. FIG 5 is a cross-sectional view of another stack type solid

el ectrolytic capacitor according to the present invention. g _FIG 6 is
a graph showasicFe heSieladkiadinbemebahs fand plkdltipeaedrtbakatels arent in
order to show di fferences between | eakage currents of single |layer solid

el ectrol yti clileglritorsegregageandie-tinexivore , atber sumnitpde area pfetbat

i nvention and those of single layer solid electrolytic capacitors using
convent i onal vabes anetibdiodl DETAhtGhpLESIR AEHrQerOEhdhiEthaly/EdF | dONead

Herei nafter, presently preferred enbodinments to carry out the present

i nvention. W wirdehaleiany idbeduallly often ansel tdidretedr a¥i 0925 mnd nore
specifically described using Exanpl es. However, the present invention, as
defined in thecephandad cuchmstriustune as off Rid @ dschompatativelpadireent s
or Exanples. FIG 3 is a perspective view, partially in cross section, of a
si ngl e | ayer ispluehedd® dy ahgt impaoapéies oin areonditad tFoilheoppesetion,

i nvention, made by using an anode nenber according to the present

i nvention. ReherébydldakdgeGoudrenef ef etite reprartaint’ ellecapodypdiie body, and
is made of a tantalumfoil or a niobiumfoil each having a purity of not

| ess t han 99ca#bpdcitde irureagess din idtheanadeds, Chacise agfi athemiske @8ri ous
uses. Usually, its thickness is designed to be -10 20 to 70 um A paste
of tantal um phedeslwvs metell Feiposder thasarodd PodyV3yalkhe aeébéctiisc coat ed
on the top and rear surfaces of the anode body 7, and is pressure-nolded to
a given di nesgide £ilh tfuriede by. thbeahbdsc nadciatilotiedreollyke sy stattesed i n
vacuum thereby to formon the anode body, an anode | ayer 8 made of a
sintered bodiyopé @efedtess st ahapovHer redlittaret alolfid klettirbrytibede body 7
and the sintered body of the anode |ayer 8 are netal -bonded at the boundary
surface thereapacttot hies ,1ikedyanedsuEfyerldérdas lemkngsl euprentes i nsi de
thereof. The thickness of the anode |l ayer 8 can be varied wth a variety of
uses. Usually, its thickness is designed to be 50 to 150 um The anode body
7 and the anode | ayer 8 constitute an anode nmenber. This anode nenber is
subj ect ed t OBRDEHI SUMMARIAICFOITHENINVENEIOY supplied with a given form ng

vol tage, whereby a dielectric oxide film which is a main el enent to bear

t he capacitance of a rmsulst ant obgect ef ectie @Presentcapgehtbon te dairwed on
the surfaces of the anode |ayer 8, the inner surfaces of the mcro pores in
t he anode | ayhe, problengparft suicht peisnr date arid tte priovddebanyadod® meskbexh
part the anode body is not netal -bonded with the anode | ayer. The thickness
of such di el gotracsokidiefddtmolytin papaeitomiwhiidhh bleubsdngi aghigh tGge.
Wth a formng voltage of 20 V, for -11 exanple, its thickness becones
about sone hpowder, Acan realize smaller size, higher capacitance, smaller

leakage current and lower ESR. The present invention also
provides an electrolytic capacitor using the anode member, and
a method of making the anode member.

An anode member according to the present invention



One of the nost inportant points of the present invention is in the use of
a valve netal foil, nmade of tantalumor niobium having a purity of not
less than 99 wt% That is, the inportant~pPoint of the present invention is
based on such discovery by the present inventors that, in the range of 99
wt % or above, the | eakage current of resultant solid electrolytic
capacitors can be mnimzed, and further that in such range, the influence
of the variation of the purity of valve netal foil on the variation of the
resul tant | eakage current can also be mnimzed. In a range of |ess than 99
w% it becomes difficult to sufficiently decrease the resultant |eakage
current. Further, in such range, the influence of the variation of the
purity of thmsa wkruwetaref ocompiriging \vaw iaapidenbody tihvade exflula aglveeakage
current becones large. This is considered to be because in such |low purity
range, the titekinéad lahdvihe & quguostyt iocdh noft fleesdikeamcl? iwtioxndeahi | m
becone non-uni form and i nhonbgeneous, respectively, so that many undesired
def ect s ar e fcAdIQagernmhlie of eh exintieredxibddyf bfna Valve meteflepowderhat the
anode body have a rough surface, i.e. alternating convex-concave surface.
This is - hhimcansdebyapenvidi fgmid® arouhple anoflackodyanBlyysbppsedsind i ng
the surface of the anode body to a surface roughening treatnent, such as

et chi ng treatwedmount bifashengmpuebtyeintaiaedndnathencalve netaihdoidal |y
or nechanically scrape off or scratch off the surface of the anode body,
the inpurities &egma@tedotnmbhe sherf acavtsl, tinpuratiesnbh ad dislectfriche
anode body can be | owered. Furthernore, by providing the rough surface on

t he anode boglyiad hei1aD Fortiedabgaanbdid eosifddtdon ohnt be bowelredody that

i ncreases, so that the nmetal bonding between the valve netal foil and the
val ve netal geépderedbate dielsptpieboxide Fidmisan bhedecnemsdd.on bet ween
the valve netal foil and the valve netal sintered body is nmechanically

st r engt henedrh&pas@agieNidakageeeiapénel ofl kg aeshilt hat asoniid neldisiradzrt ilce
decreased. The above described | owering of the inpurities on the surface of
the val ve netabaéDidr iid veha@edesasase of the nechani cal damage of the
anode nenber allow the resultant solid electrolytic capacitor to decrease
its | eakage current. Hefec anadpr bbay aptefeie@ylge hak hheough gdunef=cenf if.lee
surface of the anode body, i.e. alternating convex-concave surface) is 0.5
to 10 a m i naleefkaind \Onvex-doatanes eslneiaven Tigrels) Ntispafritthesconvexes
and bottom points of the concaves -13 of the rough surface. Wen such
average di st Q\%gﬁebm e sarfhbancd. thet valvelkitalefbil otghess cannot
be realized, ile when it becones |longer than 10 a m sufficient strength
of the netal 1bpbte@f hltetBB0sEndOtlimes,ameahlbBoaing bawibenSiihisahhede
processes for providing the rough surface are blasting treatnent and

et chi ng treabsagt of | thd healeas methlt Beibtaid nthd raneideetbyeet ehatties valve
containing alkalis or acids can be used. It is to be noted that tantalumis
chemically vaeyast pbhder asithteireld body scan Swe civgrioveld.y Gdreddcqmentigr, ef or e,
it I's necessary to select suitable kinds of etchants from anong al kalis and
acids. An et gkarhgeopsir@itedft ahkerspaltanefsslad eliestoblyhiaccapawmitiad ni ng
fluorine. Further, for the valve netal powder sintered body in the anode
menber, it i g¢aprpbegébr€adai.use tantal um or niobi um which has a purity of
not less than 99 wt % Such use contributes to a decrease of the |eakage
current and an i ncreaspathddm@reapati ianseefdrndie thatulthabhalswol ox

el ectrolytic capacitors. This is because, by suppressing the inmpurity

cont ai ned i npiibBival ve W@ fqrowter valne emethbatbilt,0 aad ahetintantahot omwr e
than 1 wt% the formability or capability of anodic oxidation of the anode
nmenber can beiiowWauRvesch adfl & pmrditgl et not Tewstiinin OO tité Heehsedrfer oxi de
-14 filmcan be increased. Wien such purity becones |ower than 99 w %t he

| eakage curr aipe QhlirBemetall pawdersdln dhel galvel yttal cogpadsrt arinteredrbotiyo
large. In FIG 3, reference nuneral 9 designates a solid electrolyte |ayer.
On the anode | ayer 8 of the anode nenber having the dielectric oxide film
as nmade above, a solid electrolyte material is coated, and is subjected to
necessary processes to formthe solid electrolyte layer 9. Usual materials
such as nmanganese di oxi de can be used for the solid electrolyte material,
but it is preferable to use electrically conductive polyner naterials
having a high electric conductivity for the purpose of |owering the ESR of
resultant solid electrolytic capacitors. Suitable materials for such
electrically conductive polyner materials are pol ypyrrole, polythi ophene
and polyaniline. Reference nuneral 10 in FIG 3 is a cathode |ayer forned
on the solid electrolyte layer 9. A representative process of formng the
cathode layer is to forma carbon |ayer on the solid electrolyte |ayer 9,
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t he anode body 7 nade of a valve netal foil having a purity of not |ess
than 99 wt % t he anode | ayer 8 made of a valve netal powder sintered body,
the solid electrolyte layer 9 and the carfode | ayer 10 that are
sequentially stacked, wherein the anode body 7 and the anode | ayer 8
respectively conprise a dielectric oxide film In-the follow ng, an exanple
of a stack type solid electrolytic capacitor according to the present
invention will be described with reference to FIG 4. FIG 4 is a
crosssectional view of an exanple of a stack type electrolytic capacitor
havi ng stacked solid electrolytic capacitor elenents each using an anode
menber according to the present invention. Reference nuneral 41 is a solid
el ectrol yti cThengedst t @ood Epeming om anedis oxidetdon prepextwl Inameilyi | ar to
that of the single |ayer type solid electrolytic capacitor as descri bed
above. |n FlldmegenEdusi eowmposathomeaand) unidiorgoithdckhess raf ythee capacit or

el ement 41 are stacked to forma capacitor elenent stack. The solid

el ectrol yt i cddbslzaadirtiar oxiideefiiimd lcare 3 ateiaddlzedhenieh tlse r aspacitywe
outernost | ayers, carbon |ayers as cathode | ayers, which are each

el ectri cal | ycamtamiesdEdnbthe valvermetal tpoodier ajatededf bodgebdiyngcuri ng a
silver paste. Thus, the silver electrode |ayer 42 can al so be a -16

consi der ed tsuhEresgedt ttooneanburttdibdeot moee dhahhe wbé| dredwelcting yini C
capacitor elenent 41. Al though not apparent fromFI G 4, the silver .
el ect rode | ajecrebsezkideifects andthevireldudirdcobxtide £ilhe. sactacdsnglyf he
capacitor elenent stack, whereby all the silver electrode |ayers 42 are

el ectri cal | ytlvenresnildchnito seddll eléetroRedfier eapacitoer ain 4dn $dypven by t wo- dot
chain lines is a conb-shaped cathode termnal for nechanically fixing and
el ectri cal | ydecrswesdd Ngakageucatrréyt dinda gliloherngapatitartect rol ytic
capacitor elenents. Although not apparent fromthe cross-sectional view of
FIG 4, the conb-shapathecabhtdeelestiolgtitiid Xapachtotapacoiding | twnHhe st ack
at the side surface of the capacitor elenment stack. Reference numeral 43 is
an external peédmtie imrentiah ebmptises|tihe dollestitd Fout helemsrishapadt
cathode termnal 44 for electrically connecting the cathode |ayer of each
solid el ect ratytseanoandalng sehekedt &l drpdeubeidgemadadof oa walvee Gidtad

el ectric currents. On the other hand, reference nuneral 47 is an anode body
in and extenfibhy akigigla fpurtteach sot ilksd atianolopt wetgecamacanede dagraant 41.
In the case of the exanple shown in FIG 4, four anode bodies 47 of

nei ghbori ng hadke «bld dralvecmeabhyt powdearp airdtered doagt: saaselided in a

bundl e. Al t hough not -17 apparent fromthe cross-sectional view of FIG

4, referenceeheiteralyttb ldyern bpdtaocaitioddhdiayelr. nefhedatbygnat eslad
conbshaped anode termnal for electrically and nechanically connecting the
respective tekrectrmbet it diapacitoPl hawing ucsmallblehkpgd enotent efari nad s are
electrically connected to each other. Reference nuneral 46 designates an
ext ernal anodetatied naltlelaesttabtal reprodursidiidd yo t he conb- shaped anode
termnals 45 for electrically connecting the anode bodies 47 of the solid
el ectrol yti c capacit orstdllamEnrshdt, t the Haliide elandrboyteolapst i ng el ectric
currents. Reference nuneral 48 designates an exterior resin for nolding the
above descr i preferabily aunprtisesngn eébeenticallyl wondgcthee copbymdmor el enent
stack. In the follow ng, another exanple of a stack type solid electrolytic
capaci tor acmateriml i oThheepy eseiet elecdénticah apvhdudieivdasc ofbetewsbhid
reference to FIG 5. FIG 5 is a cross-sectional view of such anot her
exanpl e of selekttglyetesdlaydrelcant belpade veapadiiighr, hadi thustackearsy Saw d

el ectrolytic capacitor el enents each using an anode nenber according to the
present inveBSRocan bRaferldred.nuneral 51 is a solid electrolytic capacitor
el enent, and has a structure essentially simlar to -18 that of the

singl e layer type sol ixhotiheat soryttere apad tsarlids edestrobeti @hmmacitod-| G
5, ten pieces each being such solid electrolytic capacitor elenent 51 are
stacked to forma Capacitor element stack. The solid electrolytic capacitor
el ements 51 respectively have, as respective outernost |ayers, carbon

| ayers as cat hode | ayers, which are each electrically connected by a silver
el ectrode layer 52 formed by curing a silver paste. Thus, the silver

el ectrode | ayer 52 can also be considered to be a part of each cathode

| ayer of the electrolytic capacitor elenment 51. Although not apparent from
FIG 5, the silver electrode |ayer 52 exists on and cover whol e of the side
surfaces of the capacitor elenent stack, whereby all the silver el ectrode

| ayers 52 are electrically Connected to each other. Reference nuneral 53 is
an external cathode terminal electrically connected to the silver el ectrode
| ayer 52 for electrically connecting the cathode | ayer of each solid
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bodi es 57 of the solid electrolytic capacitor elenents 51 for electrically
connecting the anode bodies 57 to outside, and for collecting electric
currents. Reference nuneral 58 designate§7én exterior resin for nolding the
above described main constituting el ements including the capacitor el enent
stack. Hereinafter, exanples of the present invention wll be specifically
described in EXAMPLES with reference to conparative exanples, including
prior art exanples, for conmparing them EXAMPLE 1 As wlll be described in
this Exanple, 19 sanples of single |layer type solid electrolytic capacitor
el ements were made with their constituting el enents having been vari ed.
These sanpl es were subjected to neasurenents of their characteristics, and
their differancesding ta éheepresent| mvendsion icompapaest ansbackESHK @t 100 kHz
and | ea7tage current were studied. Table 1 shows results of such
measur ement sledsie twnstdliidgh edgctrebyric dapaaidoreedemantedsiecked amt al um
purity as valve netal foil, existence of roughened surface of the valve
netal foil, eachnetler.aledchngodnd electyolftivalcapacitalr eleménipowder
sintered body. <Exanple 1(1)> A first exanple, i.e. a sanple of Exanple
1(1), havi ngcemstisirigiran shode bod{ifads o vadee methd foil dvawvichgranner .
A tantalumfoil having a thickness of 30 a mand a purity of 99 w % was
prepar ed. Thparitytef urotf dielsswahanhnmerwet, ian anodeudayersmadé | @ « ordlateni ng
5 wt % concentration of hydrofluoric acid for 10 mi nutes for etching the
foil surfacemethbrpbyddm sintgred bbéyf calsalid @lecteohgte Bayer nadrida
convex-concave surface. On the other hand, a tantalum powler, as a valve
met al powder cabhoda@glayextirtihiay ake98euéhtarel 1y S¥ackkdeonf eA€H, OfHemas
prepared. This powder was m xed with terpineol to make a powder paste. This
powder past eThesebyat®dalidaelleptaallytic ecapasiitioacefoh sbelhbbmeeprEgrar e
foil having a roughened surface, and subjected to a pressure nolding to
make a nol dednBodystiil shimhededapadytamse tdwan e Pbeatdedn a vacuum of 10-5
Torr or lower at a tenperature of 1250 C for 20 m nutes, thereby to nmake a
180 umthi ck anode nenberetheod of makimwetars@Apdsd aender| dyera dékid hus nade
anode nenber was placed in an aqueous solution containing 10 w %
concent r at i osleétpbvgpiwrdapanditdr Aceovdinsg ) atier pitesaatcahheseidor anodic
oxi dati on was -21 separately prepared and placed in the phosphoric acid.
A vol t age of cofip¥ises appdpedfbe&bwadngtderaryidaurdaier oandnt &vod® BEdf
el ectrode to anodi ze the anode nenber, whereby a dielectric oxide filmwas
fornmed on t heyasabgeseiderthel samrfaae pof yilys radlodd dpdy hadengf aa tvalkaess of
25 umas a solid electrolyte |ayer was fornmed on the above nade anode
menber havi ngetht fofl atdving expdeity!| of hoi Yearsrithgnt be wetypyramwl e | ayer,
a repetitive chem cal oxidation polynerization process was enpl oyed. That
is, in one ceenhtay orxeataiemn opobyblaszig cirqatments, ahlcaagbeps onber
having the dielectric oxide filmwas dipped in a liquid material conposed
of a pyrrol efoeming; emdtlsn amodei body, agednodend ayesr mateedf oatsiitdrea
liquid material, and then was heat cured. This chem cal oxidation
pol yneri zat i bbdpr ofeasvake meradt pdwdénr aByt thes, métissd@ba tsolfidr m t he
pol ypyrrol e | ayer.

electrolytic capacitor having a small leakage current can be

easily obtained.
While the novel features of the present invention
are set forth particularly in the appended claims, the present

invention, both as to organization and content, will be better



Lastly, on the thus prepared solid electrolytic |ayer, a carbon | ayer was
formed. On the carbon |ayer, a silver paste was coated and heat cured to
nmake a cathode |ayer, whereby a sanple of8a single |ayer type solid

el ectrolytic capacitor elenent having a thickness of 0.25 nmwas made. The
t hus made sanple of Exanple 1(1) was neasured, by using a standard
measuring nmethod as defined by JIS -22 (Japanese Industrial Standard)
C-5102, with respect to three characteristics, nanely electrostatic

capaci tance, ESR at 100 kHz and | eakage current. As shown in Table 1,

col um of Exanple 1(1), the results of the neasurenents indicated that the
three characteristics were 150 uF, 40 m~2~100 kHz and 30 a A, respectively.
<Exanpl e 1( 2ndexstoodaasdnpprrestiabeshpladong2ivitasotipete. otject ssamdl e was
made in the sane manner as that enployed in nmaking the sanple of Exanple
1(1) as desdradiadresbdhereexcepron Hite iodBowinpbadebaiked dadoripiion w % was
used in place of the tantalumhaving a purity of 99 wt% as used in Exanpl e
1(1) for thetgkemden cehgnnatiai wikh rbealdrpeddgs. si ntered | ayer for the
anode | ayer. The three characteristics of the thus nmade sanple of this
Exanple 1(2) are shown in Table 1, colum of Exanple 1(2). <Exanple 1(3)>
Next, a sanple of Exanple 1(3) was nmade. This sanple was nade in the sane
manner as t IBRIBMDBESYCRAPTIONeGY MTHR BEVERAMDL ¥IBNS EGRNTHE ORAWINS descri bed
above, except that here the etching process as used in Exanple 1(1) was not
enpl oyed, so that theFialve hetalpdrspechdrve diewnof &avwmventdoghanadode- 23
surface. The three characteristics of the thus nmade sanple of this Exanple
1(3) are shawember, Talalded, peblermstafudbuaen| €ot( ) combematiyast Hod)id o 1(8) >
Fi ve sanpl es of Exanples 1(4) to 1(8) were nmade in a manner the sane as

t hose descr idbsttatnaweiicnchpaoptes. 1(1) to 1(3), except that purities of
tantalumfoils as valve netal foil) existence of roughed surfaces of the
foils, and material kiFids fishe pmaveperctiwmecwiaws partidElw alny erssisal
powder sintered bodies were partially varied as shown in Table 1, columms
of Exanpl es dde)idry, L8R coheentimeal Emalieclagercsodid esdritfoliyitd ct hus
made five sanples are also shown in Table 1 in the correspondi ng col umms.

| n cor r esponcraxel b ustihgsanetigéd caveintd onblEano@e asendifel). to 1(8), ei ght
prior art sanples, i.e. Prior art 3 to 10, were respectively nmade in
correspondi ngly the s&I&.nBnfheras,penupsttivieaviehe patvialiet aln foridss i n
Prior art sanples 3 to 10 had a purity of 97 wt% or 98 wt% i n place of 99
W % as used sectBanplofs aleipgle l4¥r sHldd kleetebdytid edadcitorof such
eight prior art sanples were al so neasured, and are shown in Table 1 in the
correspondi ngceatdimts .tothe peepent iroresitdlons uxifgnas adfpdds mdénteiy val ve
-24 metal foil parities and neasured | eakage currents were plotted in a
graph of Fl Giecéordis toFithe presents imiexttiions bet ween val ve netal foil
parities and | eakage currents regardi ng these sixteen sanples, where the
val ues of the | eakage FIG.r ants arerdsxiseattddnby vbewedbf z2dstaude xxypebr e
specifically, FIG 6 shows differences in | eakage current between a group
of single | agelid d@liattalodgtiol gapacitapacEdoordingi hg thederessriers with
valve netal foils having parities of not |ower than 99 wt % according to the
present i nvelvention, avighospacked haskidvelllectabiptieteipdaiter ahamegts
parities lower than 99 wt % according to prior art. Referring to the graph
of FIG 6, Nacesiging e anplet member raccondiingr €éspthe preddniorirmarenttoand
10, and Exanple 1(4) and 1(8). In other words, it shows | eakage currents of
t he sanples, in whichRIGbbulsia cisexk-fsecttibaalalvew nef aanghederstacknd t he
valve netal foils do not have roughened surfaces. Meanwhile, T1 designates
a plotted cutypevsdlid edpetirolotBricaparitor ardofdiagdtd x| prelded)t and
1(7). In other words, it shows | eakage currents of the sanples, in which
tantalumis imseehfionthe valve netal powders, and the valve netal foils do
not have roughened surfaces. On the other hand, T2 designates a plotted
curve



-25 with respect to Prior art 3 and 7, and Exanples 1(1) and 1(5). In other
words, it shows | eakage currents of the sanples, in which tantalumis used
for the valve metal powders, and the val v netal foils have roughened
surfaces, nanely surfaces having alternating convexes-concaves. Meanwhil e,
N2 designates a plotted curve with respect to Prior art 4 and 8, and
Exanples 1(2) and 1(6). In other words, it shows | eakage currents of the
sanples, in which niobiumis used for the valve netal powders, and the
val ve netal foils have roughened surfaces. It is to be noted here that in
the graph of FIG 6, the | eakage current of the sanple of Exanple 1(3) is
desi gnated as the standard of the nornalized index, i.e. 100. It is
apparent fromthe grapAGof 6FLS a6gxapht showting phei rglatidmdeataieen motidl
foil for the anode body increases, the | eakage current decreases and gets
sat urat ed i npuiiety ange leakiage vatrventeiralorider] tpushby difB&remddsor above.
Nanmely, in such range of 99 wt % or above, the |eakage currents of the
resul t ant sobetedredieaklagiel curapats taf sicwylebdayeni sokid. e feotdodytdce, in
such range, the influence of the variation of the purity of valve netal
foil on the vapaciticas afsinke ahedel menbersealcapedingr eat thanpdsmtbe
mnimzed. It is also apparent fromthe' graph of FIG 6 that in such purity
range of - Pfvéreisior mmd Doee%ft Sindakagerceoledt s1estidkytiasul t ant
solid electrolytic capacitors becone |large, and that the influence of the
vari ati on ofcapecitord yasihgt kenvahvonal ainddei membekbe variation of the
resul tant | eakage current becones large. It is also evident fromthe graph
of FIG 6 that the existence of the roughened surfaces on the val ve netal
foils allows the resultant | eakage currents to further decrease in
conpari son WETAITED GEBCRIPPIEONt OF 'THE VENVENTIONf oi | s do not have roughened
surfaces. Besides, although the roughened surfaces were provided by the
etching treatnment in Heredhafteganpresentilly paefeenbdr embodimdnts rid ar
effects by the roughened surfaces were obtained when such roughened
surfaces wer eapreVvoulie iy pisisegtbiaséntiprd naallnpet desbribed Swhtdi nari |y
used for roughening netal surfaces. Details of the process of such blasting
treatment argef@fentsss id it deagingEXadit enokedspebeEt cal Dy ddésdribkedst udy
the influence caused by the variation of purity of the powder in the valve
met al powder using eExdhplasty., Howewdgd.e the praseht dfEdntiah ,nmade defhhsasanpl e
was made in a manner the sane as that used in making the sanple of Exanple
1(1), except thBaappeided dlaiimsl, uispogetlelinmizddddoa spehi E¥rvdiv9. 5 wt % was
used in place of the tantalum -27 powder having a purity of 99 wt% The
t hr ee nmeasur egibetréact£rors Hxampakst he t hus made sanpl e of Exanple 1(9) are
shown in Table 1, colum of Exanple 1(9). For conparison, sanples of
Conpar ati ve Exanpl es KIG. andslaZperepectinge viiewg papbeallfieisagmoss t hat
used in nmaking the sanple of Exanple 1(1), except that here two tantal um
powders respgettiehy dR\d nginolel Lager 0fQIA AMebeantdodgtivk‘capacitmed i n pl ace
of the tantalum powder having a purity of 99 wt % The three neasured
charact eri st hesopfiigcto dthd peekent sanpireisicf, Madpabgt U¥EndXatARsiear e
shown in the corresponding colums of Table |I. As evident fromthe data
shown i n t hemembeémacedrdigipacattheepbxsemt enventlionl( Refrdinganpl PIGL( 1),
1(9) of Table 1, the resultant |eakage current becones inconparably |arge
when the pur Bt yrefetdmce alunerat al ipoaniaanode bodyr, thdni8Mmadéoofom t he
other hand, it is evident that with the purity of not |less than 99 wt% the
| eakage curr eahtamimbfoilda anaibbit(ARGAE eaoks haiviihgha gesity befl igt t hi s
Exanpl e, 9 sanples of solid electrolytic capacitor elenents and capacitor
el enent st ackeswetkamegie whd .t hThdeihiokneski bt thg @Ehalen cambenvakeedof
stacked el enents having been varied. These sanples were -28

with various uses. Usually, its thickness is designed to be



subj ected to neasurenents of charact ersti cs, and their differences with
respect to electrostatic capacitance, 5c t 100 kHz and | eakage current
were studied. Table 1 shows results of s measurenents. The constituting
el enments havi ng been varied were anode body shape, foil material, powder
material of valve netal powder sintered body, CV value of valve netal
powder, solid electrolyte material, nunber of stacked capacitor el enents
and thickness of capacitor elenent (or thickness of capacitor elenent stack
in the case of stacked capacitor elenents). <Exanples 2(1) and 2(2)> By
using the process of making the sanple of single |ayer solid electrolytic
capacitor of Exanple 1(1) as described above, 10 such sanples were nade.
Two out of sZRhtd(7&dimi ed Paste sofaciaadadymuppwder her shiwkium powders sass
described with reference to Fig. 5 to nmake a capacitor el enent stack. The

t hus nmade capaeighrCelvadyet metatk is eeahsd opf tEratpbeand 1yearTmuniascesei ght
sanpl es were al so stacked in the sane manner to nmake a capacitor el enent
stack as a sefiptke gindBealpody 2( 2and The Rrasqureampldedwee ea sadyescted to t he
measurenents the sane as those descri bed above, and the results are shown
in Table 1. dimegsion andldéhickness Tafbe thushmadéindddsst boldyt he capaci t or
el ement stack, the electrostatic capacitance and the | eakage current

i ncrease in pinpered gm tvacuum, ntherebyfts tfagked ovaphei anode|mdnt an On t he
ot her hand, the ESR val ues decrease as the nunber of stacked el enents

i ncreases. <&nodplayed I) magedpfaadsitHreBypadyi of theapve cestalofpowdemg
the sanple of single layer solid electrolytic capacitor elenent of Exanple
1(1) as descThéavetdmbv®milexdephet Anodddraini’ondnthessistered hpdy @fof
tantalumfor the valve nmetal foil material and the valve netal powder, 11
sane sanpl estheranodelc.ayérxe 8oareonetak-hdndedrade theebenndany| ssrfiacea sanpl e
of Exanple 2(3). Two out of the rest 10 sanples were stacked by using the
st acki ng protkheseef. d€urthéed the fanodecleyer 8 chds guarly tmdoxek poaesapaci t or
el ement stack. The thus made capacitor element stack is a sanple of Exanple
2(4). The resnskdghtheagfl.esTherthiddkoesst afktbe i anode lsgyrer Bacasr béo nake a
capacitor elenent stack as a sanple of Exanple 2(5). These three sanples
wer e subj ect edried twitthheasardetyt of t izesantsaslinositagldddckbedsalbsve, and
the results are shown in Table 1. As evident from Table 1, wi th niobium
foils and ni designedwierte, S50h&patserimti hesanblar body t hoaed viltieh anod80
tantalum foils and tantal um powlers can be obtai ned. Furthernore, it is

al so evi dent lapet 8 heordtiidiotessnoano@e menisen.t OThis careode stembler tihe

el ectrostatic capacitance and the | eakage current increase in proportion to
t he nunber obubjecked tapaoidicr oglidativs.widlda heiogheupbhhed wiih ESR val ues
decrease as the nunber of stacked el enents increases. <Exanples 2(6) and
2(7)> By usi gijvehef grmuiges yodftageki wigexrehy samlled ectricngkide afjElm soihidh

el ectrolytic capacitor elenment of Exanple 1(1) as descri bed above, except

t hat here poligtai ngielemehtptbybaati blee veapaaidesdcenopl acresdil oty molid e
for the solid electrolyte nmaterial, two sanples were nade. These are

sanpl es of Erieptesly(l) capacitsy, sscfoimedhena thienghefaacgerofotlial anode

el ectrolytic capacitor elenent. These two sanples were subjected to the
measur ement slaper s@nethes immege suracedcef didwy ayicandpoiesr isuthies anrageshown
in Table 1. As evident from Table 1) with pol ythi ophene and pol yanili ne,
charact eri st Layesi rahdra tpanthofe thet supbige\ofr dhe eandbebody a7 nexh widst vy,
for further conparison, two sanples, as other prior art, each using an
anode nenber phati tige carnpele dodyt Aachat enedeale-hvaded wWikbt the anedeplayesf.
Prior art 1 was -31 made in the follow ng manner. A tantal um w re having
a di anet er ofThe. Ehickness cfhisedbediehecttimtoniidie Fawneishiwiprppor®ioral ue
of 40,000 and a purity of 99 wt % This powder with the tantalumw re was
nol ded to a gitknthéapernindg yodtageol Wddhbedformbng vl toert loddR0wWsls for
sintered at a tenperature of 1,450 C for 20 m nutes, whereby an anode
menber having a thickness of 0.84 mmwas made. Thi s anode nenber was then
subj ected to anodic oxidation in a phosphoric acid aqueous sol ution
containing 10 wt ~ concentration of phosphoric acid with an anodi zi ng

vol tage of 10 V for 120 mnutes, thereby to forma dielectric oxide filmon
t he anode nenber. On the thus nade anode nenber having the dielectric oxide
film a manganese di oxi de | ayer having a thickness of 0.05 nmwas fornmed by
the follow ng process. That is, manganese nitrate was coated on the anode
menber, and was then pyrolyzed to formthe manganese di oxi de | ayer as a
solid electrolyte layer. On the nmanganese di oxi de | ayer, a carbon |ayer was
formed, and further a cathode layer was forned thereon by coating and
curlng a 5|Iver thereon In thIS way, a prlor art sarrple of a si ngle Iayer

I 1 1 I T I I T . T T o ~ N~



Table 1 that the sanples according to the present invention, i.e. Exanples
2(1) to 2(7) as well as Exanples 1(1) to 1(9), have advant ageous
characteristics over the sanples accordimgtto the prior art and conparative
exanples, i.e. Prior art 1 to 10 and Conparative Exanples 1 and 2. That is,
certain sanples according to the present invention, as conpared with
certain sanples of the prior art and conparative exanples, have snaller

| eaxage currents. The other sanples according to the present invention have
| ower ESR or snmaller thicknesses of the capacitor elenents even though
their | eakage currents may be conparable to those of the other sanples of
the prior art or conparative exanples. Tabl e 1 Exanpl es/ AnodeFoi | CV/ g

of Sol i dNunbessEnpIeNt Bitec thasknt s s BSRicae gdoupadne i Mebdeyael er i al Roughened
Powder powder el ectr ol yt eof (capaci t or) capaci t ance( m-

cur rent Exanpl esshape( pnei b§) sheaadso rinportantgpolat s ad S t Aok fdesektess( mm) ( ~
, CF) 100kHz) (I . ~A)Prior artlead__tantal um 40, 000nmanganese 1 0.96 250 100
201wi r e( 999 ioreifioinOoris in the use of a valve metal foil, made of

artl ead__tantal umd0, 000pol ypyrrol e10. 9622040402wi re(99% Pri or art

foi | tant al untatesdlain airumid8Dun)Chaeinp\d puird thy 6f2hotSledd than 99 wts.
1153(97% (99% Pri or

artfoiltant aihedress) akiel 1hg0r08RP byt ol ahe prébedD LA L X Paskear
artfoiltantal unNot ant al unl00, 000pol ypyrrol e10. 25150401515(97% (99% Pri or
artfoiltant abrundNwt @lisasiety 009 pehey el AnFehb048 16H&¢ O 7L (13 rRAniger
artfoilt~t~~Yest~t~~100, 000pol ypyrrol el0. 251 5040557(98% CO99% Pri or
artfoiltant abfinde sy iru@bdfe)00RO| Yenkadgd elirrdnt504048S4 DS WDk i or
artfoiltantal unNot ant al unil00, 000pol ypyrrol e10. 2515040629(98% (999 Pri or
artfoi |t ant aélediaro 10/ieTHaDa0D oS YeEar e entihizd £284 0664 Of 9808 10 ARt ampl ef o
i | tant al umyest ant al uniL00, 000pol ypyrrol e10. 2515040301(1) (99% (99% Exanpl ef o
| t ant al unYesgaewi tard), APRPahypYEnS: edf . tel 3R4A32167) 6H9Ad AW ifeearad ef oi | t
ant al umNot ant al uni.00, 000pol ypyrrol e10. 2515040431( 3) (99% (99% Exanpl ef oi | t an
t al umNoni obi vial0 0 leeaNr bal €A . PodHOMMh! biFd X892 69DAn W Ve dkagdV

(966) (%66) (L) Z8ZZ~0TSZ' OTaui T~~Tod000' 00Tum e uesadunTeTueTTzo~aTdwexgT T
~(966) (766) (ONFSSH | da' Aseupedaiiuihode8)' hWNrénge of less than 99 wts,

it becomes difficult to sufficiently decrease the resultant
leakage current. Further, in such range, the influence of the
varlation of the purity of the valve metal foll on the
variation of the resultant leakage current becomes large.
This is considered to be because in such low purity range, the
thickness and the composition of the dielectric oxide film
become non-uniform and inhomogeneous, respectively, so that
many undesired defects are produced in the dielectric oxide
£ilm.

It is preferred that the anode body have a rough

surface, i.e. alternating convex-concave surface. This is
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the surface of the anode body to a surface roughening
treatment, such as etching treatment and blasting treatment,
having a function to chemically or mechanically scrape off or
scratch off the surface of the anode body, the impurities
segregated on the surface of the valve metal foil of the anode
body can be lowered. Furthermore, by providing the rough
surface on the anode body, the contact area of the surface of
the anode body increases, so that the metal bonding between
the valve metal foil and the valve metal sintered body is
improved. This causes the connection between the valve metal
foil and the valve metal sintered body is mechanically
strengthened. Consequently, mechanical damage of the anode
member can be decreased. The above described lowering of the
impurities on the surface of the valve metal foil, and the
decrease of the mechanical damage of the anode member allow
the resultant solid electrolytic capacitor to decrease its
leakage current.

Here, a preferable degree of the roughness of the
surface of the anode body, i.e. alternating convex-concave
surface, is 0.5 to 10 um in terms of average distance between

top points of the convexes and bottom points of the concaves
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rToS~o B/ ~, pTi o3apou~/saTdnexg (panui ~.uoo) T aTqg~y -35 Thus, the sanples
accordi ng t ocof heheprzetght sumfenei oWhean suehl averaggatistamae beennss of
smal | er sizes and hi gher capacitances with smaller | eakage currents. In

vi ew of the slsegat nhanadc6r dimg shffibtept eseughriesse ianfdt bbi cdalepd r es
the inpurity content in the valve netal foil to be less than 1 w~, the

di el ectric owthilee fwHen fidr bedolygs abotger ctiaatliconntasuffieidrer easatytlef ect s
therein owng to decreased inpurities therein. Therefore, resultant solid
el ectrol yti cofaleeinetad €adlha¥ethe camade dbddyakagaotube anatnvaided.he ESR
being maintained to be low, and further can have hi gher capacitances with
smal | er sizes by usi nguiitgbléVpratesseetfir paodddingAthsopelgh nfaesent

i nvention has been described in terns of the presently preferred

enbodi nent s, aré bladtoinhe tawedemshdoand het cleiih tdieatmeat € Ins thet chse bef
interpreted as limting. Various alterations and nodifications wll no
doubt beconethepsitcehing crehtmenski éteithnts tdontaining ahkabis her Pt
invention pertains, after having read the above disclosure. Accordingly, it
is intended tamtbé heseanpedtiets ciaibes nbeedntRapr edsthREn GoY Shiemgcally
alterations and nodifications as fall within the true spirit and scope of
the inventi overy st&Xd Aldyid hiobiuanade aesbehemicaBlyodtdbirl .ectrhergtote,
capacitor, conprising: an anode body nmade of a valve netal foil having a
purity of noitlessnédensiy Wo¥sedodt aguitalsie kdyds oEdetohawtsifriet ed body
of a valve netal powder, said anode |ayer being fornmed on said anode body.
2. An anode amofgralldlis amd dcebiect mol gtichangpesns DieraT dodibegmbetcl ai m 1,

wherein said anode body has a roughened surface thereon.
preferable is of an acid containing fluorine.

Further, for the valve metal powder sintered body in
the anode member, it is preferable to use tantalum or niobium
which has a purity of not less than 99 wt%. Such use
contributes to a decrease of the leakage current and an
increase of the capacitance of the resultant solid
electrolytic capacitors. This is because, by suppressing the
impurity contained in the valve metal powder sintered body to
an amount of not more than 1 wt%, the formability or

capability of anodic oxidation of the anode member can be

improved, and the dielectric constant of the dielectric oxide



3. An anode nenber for a solid electrolytic capacitor according to claim1)
wherein said valve netal foil conprises tantal um or niobium and said val ve
netal powder conprises tantal um or niobi okt-each having a purity of not

|l ess than 99 wt% 4. A solid electrolytic capacitor conprising an anode
body nade of a valve netal foil having a purity of not less than 99 w % an
anode | ayer nmade of a sintered body of a valve netal powder, a solid

el ectrolyte layer, and a cat hode | ayer which are sequentially stacked, said
anode body and said anode |ayer having a dielectric oxide film 5. A solid
el ectrolytic capacitor according to claim4, wherein said anode body has a
roughened surface thereon. -37 6. Asolid electrolytic capacitor
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not less than 99 wt%, the anode layer 8 made of a valve metal
powder sintered body, the solid electrolyte layer 9 and the
cathode layer 10 that are sequentially stacked, wherein the
anode body 7 and the anode layer 8 respectively comprise a
dielectric oxide film.

In the following, an example of a stack type solid
electrolytic capacitor according to the present invention will
be described with reference to FIG. 4. FIG. 4 is a cross-
sectional view of an example of a stack type electrolytic
capacitor having stacked solid electrolytic capacitor elements
each using an anode member according to the pr;sent invention.

Reference numeral 41 is a solid electrolytic
capacitor element, and has a structure essentially similar to
that of the single layer type solid electrolytic capacitor as
described above. In FIG. 4, 12 pieces each being such solid
electrolytic capacitor element 41 are stacked to form a
capacitor element stack. The solid electrolytic capacitor
elements 41 respectively have, as respective outermost layers,
carbon layers as cathode layers, which are each electrically
connected by a silver electrode layer 42 formed by curing a

silver paste. Thus, the silver electrode layer 42 can also be
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considered to be a part of each cathode layer of the solid
electrolytic capacitor element 41. Although not apparent from
FIG. 4, the silver electrode layer 42 exists on and cover
whole of the side surfaces of the capacitor element stack,
whereby all the silver electrode layers 42 are electrically
connected to each other.

Reference numeral 44 shown by two-dot chain lines is
a comb-shaped cathode terminal for mechanically fixing and
electrically connecting a plurality of neighboring solid
electrolytic capacitor elements. Although not apparent from
the cross-sectional view of FIG. 4, the comb-shaped cathode
terminal fixes the capacitor element stack at the side surface
of the capacitor element stack. Reference numeral 43 is an
external cathode terminal electrically connected to the comb-
shaped cathode terminal 44 for electrically connecting the
cathode layer of each solid electrolytic capacitor element 41
to outside, and for collecting electric currents.

On the other hand, reference numeral 47 is an anode
body in and extending outside from each solid electrolytic
capacitor element 41. In the case of the example shown in FIG.
4, four anode bodies 47 of neighboring four solid electrolytic

capacitor elements are tied in a bundle. Although not



"109%&R' ()-<687?:(;);*;+ 0, <uvik f 10%& ()-L10%& ()- 10tt 10tt
10tt ! p& 10%t& ()-& 10% & ()-,t!10% & () - <S<==>#@@@B@ "SH=k~ 10 10 10%
109 ()-'ty "109% ()-y "109% ()-y "109%& CR7+f 10%{ & () - &@@a@BaCCa?SH=k"
kM 10%@e& ()-M10% & ()- 10% & ()-!t '109% () -
110% & ()- 10% & () - CODDDDEI Fntb@™ !!,s!'10% & ()-,s!'10% & ()- &10% & () -
100 100 100 4 1'10% & ()-1*M10% & ()-nGA I 1 l JFK{K~ =k I pf M 10% & ()-f
M 10%& ()-9109%N\& ()- 107 10 10 9'10% & ()- & pO
9l 109%&' () - & KMVNNNNNQ~_@k ! Ss!10% & ()-910% & ()- 10 10
10.1'10%&' ()-'\M 10%v/v& ()-zM 10%&' () - zQQf ROSSSSSS} 0aS4k™ 910% o0& ()- 10:mm
100mm10:mm N+ 10% mnm& ()- + 10%-& () -
apparent from the cross-sectional view of FIG. 4, reference
numeral 45 shown by two-dot chain lines designates a comb-
shaped anode terminal for electrically and mechanically
connecting the respective tied anode bodies 7. Plural such
comb-shaped anode terminals are electrically connected to each
other. Reference numeral 46 designates an external anode
terminal electrically connected to the comb-shaped anode
terminals 45 for electrically connecting the anode bodies 47
of the so0lid electrolytic capacitor elements 41 to outside,
and for collecting electric currents. Reference numeral 48
designates an exterior resin for molding the above described
main constituting elements including the capacitor element
stack.
In the following, another example of a stack type
so0l1ld electrolytic capacitor according to the present
invention will be described with reference to FIG. 5. FIG. 5
is a cross-sectional view of such another example of stack
type solid electrolytic capacitor having stacked solid
electrolytic capacitor elements each using an anode member
according to the present invention.

Reference numeral 51 is a solid electrolytic

capacitor element, and has a structure essentially similar to
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that of the single layer type solid electrolytic capacitor as
described above. In FIG. 5, ten pieces each being such solid
electrolytic capacitor element 51 are stacked to form a
capacitor element stack. The solid electrolytic capacitor
elements 51 respectively have, as respective outermost layers,
carbon layers as cathode layers, which are each electrically
connected by a silver electrode layer 52 formed by curing a
silver paste. Thus, the silver electrode layer 52 can also be
considered to be a part of each cathode layer of the
electrolytic capacitor element 51. Although not apparent from
FIG. 5, the silver electrode layer 52 exists on and cover
whole of the side surfaces of the capacitor element stack,
whereby all the silver electrode layers 52 are electrically
connected to each other. Reference numeral 53 is an external
cathode terminal electrically connected to the silver
electrode layer 52 for electrically connecting the cathode
layer of each solid electrolytic capacitor element 51 to
outside, and for collecting electric currents.

On the other hand, reference numeral 57 is an anode
body in and extending outside from each solid electrolytic
capacltor element 51. Reference numeral 56 designates an

external anode terminal electrically connected to the anode



& ()-s, #1110% U& ()-se8e&f fffffgrSak y! 109%& ()-L10%& ()- 10 10 10

lp@!10% & ()- @!10% ()- '~ !109RR& ()-gghiiijja?l4k
10V K" ! 109& ()-"!109& ()-"1109& ()- !109@1%3-1yy! 109& ()-y! 109%& ()-jj kkkkmd
B4k 10!'! “1109& ()- !'10% & ()-!f!109%&Z& ()-!10% & ()-9&10% & ()- 10

10nboooooor >ruVv4k 1!'f!110900& ()-f!10%&k ()-910%& ()- 1O0EE 10EE

10EE! ~$M 10%EE& ()-$M 10% & () ->rGxtytzt {tt\vKwV7k 1!f

109 ()-S9! 109 ()-10%& ()- 10 10 10!~" 109& ()-" 109%&' ()- Kwwyyyyyzz~ =k

Lly, " 1109 ()-, '10% & ()-L10% & ()- 10 10 10y$M 109 ()-! ~f

10%+& ()-z}) ]} ~~~~~ uj _@
bodies 57 of the solid electrolytic capacitor elements 51 for
electrically connecting the anode bodies 57 to outside, and
for collecting electric currents. Reference numeral 58
designates an exterior resin for molding the above described
main constituting elements including the capacitor element
stack.

Hereinafter, examples of the present invention will

be specifically described in EXAMPLES with reference to

comparative examples, including prior art examples, for

comparing them.

EXAMPLE 1

As will be described in this Example, 19 samples of
single layer type solid electrolytic capacitor elements were
made with their constituting elements having been varied.
These samples were subjected to measurements of their
characteristics, and their differences with respect to
electrostatic capacitance, ESR at 100 kHz and leakage current
were studied. Table 1 shows results of such measurements. The
constituting elements having been varied were tantalum purity
as valve metal foil, existence of roughened surface of the

valve metal foil, and material kind and purity of valve metal
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<Example 1(1)>

A first example, i.e. a sample of Example 1(1),
having a structure shown in FIG. 3 was made in the following
manner. A tantalum foil having a thickness of 30 um and a
purity of 99 wt% was prepared. This tantalum foil was
immersed in an aqueous solution containing 5 wt% concentration
of hydrofluoric acid for 10 minutes for etching the foil
surface, thereby to roughen the foil surface to have
alternating convex-concave surface. On the other hand, a
tantalum powder, as a valve metal powder, having a purity of
99 wt% and a CV value of 100,000 was prepared. This powder
was mixed with terpineol to make a powder paste. This powder
paste was coated on a top and a rear surface of the above
prepare foil having a roughened surface, and subjected to a
pressure molding to make a molded body. This molded body was
then sintered in a vacuum of 10™° Torr or lower at a
temperature of 1250 C for 20 minutes, thereby to make a 180 um
thick anode member having a sheet shaped anode layer.

The thus made anode member was placed in an aqueous
solution containing 10 wt% concentration of phosphoric acid.

A counter electrode as cathode for anodic oxidation was
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separately prepared and placed in the phosphoric acid. A
voltage of 10 V was applied between the anode member and the
counter electrode to anodize the anode member, whereby a
dielectric oxide film was formed on the anode member. Then, a
polypyrrole layer having a thickness of 25 um as a solid
electrolyte layer was formed on the above made anode member
having the dielectric oxide film. For forming the polypyrrole
layer, a repetitive chemical oxidation polymerization process
was employed. That is, in one chemical oxidation
polymerization process, the anode member having the dielectric
oxide film was dipped in a liquid material composed of a
pyrrole monomer and an oxidizing agent, and was pulled out of
the liguid material, and then was heat cured. This chemical
oxidation polymerization process was repeated plural times,
thereby to form the polypyrrole layer.

Lastly, on the thus prepared solid electrolytic
layer, a carbon layer was formed. On the carbon layer, a
silver paste was coated and heat cured to make a cathode layer,
whereby a sample of a single layer type solid electrolytic
capacitor element having a thickness of 0.25 mm was made.

The thus made sample of Example 1(1) was measured,

by using a standard measuring method as defined by JIS
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(Japanese Industrial Standard) C-5102, with respect to three
characteristics, namely electrostatic capacitance, ESR at 100
kHz and leakage current. As shown in Table 1, column of
Example 1(1), the results of the measurements indicated that
the three characteristics were 150 £F, 40 m( * 100 kHz and 30
LA, respectively.
<Example 1(2)>

Next, a sample of Example 1(2) was made. This sample
was made in the same manner as that employed in making the
sample of Example 1(1) as described above, except that niobium
having a purity of 99 wt% was used in place of the tantalum
having a purity of 99 wt% as used in Example 1(1) for the
powder material of the metal powder sintered layer for the
anode layer. The three characteristics of the thus made
sample of this Example 1(2) are shown in Table 1, column of
Example 1(2).
<Example 1(3)>

Next, a sample of Example 1(3) was made. This sample
was made in the same manner as that employed in making the
sample of Example 1(1) as described above, except that here
the etching process as used in Example 1(1) was not employed,

so that the valve metal foil here did not have a roughened
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surface. The three characteristics of the thus made sample of
this Example 1(3) are shown in Table 1, column of Example 1(3).
<{Examples 1(4) to 1(8)>

Five samples of Examples 1(4) to 1(8) were made in a
manner the same as those described above in Examples 1(1) to
1(3), except that purities of tantalum foils as valve metal
foil, existence of roughed surfaces of the foils, and material
kinds of the powder materials for the valve metal powder
sintered bodies were partially varied as shown in Table 1,
columns of Examples 1(4) to 1(8). The three characteristics
of each of the thus made five samples are also shown in Table
1 in the corresponding columns.

In correspondence with these eight samples of
Examples 1(1) to 1(8), eight prior art samples, i.e. Prior art
3 to 10, were respectively made in correspondingly the same
manners, except that the valve metal foils in Prior art
samples 3 to 10 had a purity of 97 wt% or 98 wt% in place of
99 wt% as used in Examples 1(1) to 1(8). The three
characteristics of such eight prior art samples were also
measured, and are shown in Table 1 in the corresponding
columns.

With respect to such sixteen samples, their valve
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metal foil purities and measured leakage currents were plotted

in a graph of FIG. 6. Thus, FIG. 6 shows relations between

valve metal foil purities and leakage currents regarding these

sixteen samples, where the values of the leakage currents are
indicated by normalized index. More specifically, FIG. 6
shows differences in leakage current between a group of single
layer solid electrolytic capacitors using anode members with
valve metal folls having puritlies of not lower than 99 wt$%
according to the present invention and a group of those with

valve metal folls having purities lower than 99 wt% according

to prior art.

Referring to the graph of FIG. 6, N1 designates a

plotted curve with respect to Prior art 6 and 10, and Example

1(4) and 1(8). In other words, it shows leakage currents of

the samples, in which niobium is used for the valve metal

powders, and the valve metal foils do not have roughened

surfaces. Meanwhile, Tl designates a plotted curve with

respect to Prior art 5 and 9, and Example 1(3) and 1(7). 1In

other words, it shows leakage currents of the samples, in

which tantalum is used for the valve metal powders,

valve metal foils do not have roughened surfaces.

and the

On the other hand, T2 designates a plotted curve
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with respect to Prior art 3 and 7, and Examples 1(1) and 1(5).
In other words, it shows leakage currents of the samples, in
which tantalum is used for the valve metal powders, and the
valve metal foils have roughened surfaces, namely surfaces
having alternating convexes-concaves. Meanwhile, N2
designates a plotted curve with respect to Prior art 4 and 8,
and Examples 1(2) and 1(6). In other words, it shows leakage
currents of the samples, in which niobium is used for the
valve metal powders, and the valve metal foils have roughened
surfaces. It is to be noted here that in the graph of FIG. 6,
the leakage current of the sample of Example 1(3) is
designated as the standard of the normalized index, i.e. 100.
It is apparent from the graph of FIG. 6 that as the
purity of the valve metal foil for the anode body increases,
the leakage current decreases and gets saturated in the range
of the valve metal foil purity of 99 wt% or above. Namely, in
such range of 99 wt% or above, the leakage currents of the
resultant solid electrolytic capacitors can be minimized.
Furthermore, in such range, the influence of the variation of
the purity of valve metal foil on the variation of the
resultant leakage current can also be minimized. It is also

apparent from the graph of FIG. 6 that in such purity range of
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less than 99 wt%, the leakage currents of the resultant solid

electrolytic capacitors become large, and that the influence

of the variation of the purity of the valve metal foil on the

variation of the resultant leakage current becomes large.

It is also evident from the graph of FIG. 6 that the

existence of the roughened surfaces on the valve metal foils

allows the resultant leakage currents to further decrease in

comparison with the case where the valve metal foils do not

have roughened surfaces. Besides, although the roughened

surfaces were provided by the etching treatment in the above

samples, it was confirmed that similar effects by the

roughened surfaces were obtained when such roughened surfaces

were provided by using blasting treatment, which is ordinarily

used for roughening metal surfaces. Details of the process of

such blasting treatment are not described here.

<Example 1(9)>

Next, in order to study the influence caused by the

variation of purity of the powder in the valve metal powder

sintered body, a sample of Example 1(9) was made.

This sample

was made in a manner the same as that used in making the

sample of Example 1(1), except that here a tantalum powder

having a purity of 99.5 wt% was used in place of the tantalum
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powder having a purity of 99 wt%. The three measured
characteristics of the thus made sample of Example 1(9) are
shown in Table 1, column of Example 1(9). For comparison,
samples of Comparative Examples 1(1) and 1(2) were made in a
manner the same as that used in making the sample of Example
1(1), except that here two tantalum powders respectively
having purities of 97 wt% and 98 wt% were used in place of the
tantalum powder having a purity of 99 wt%. The three measured
characteristics of each of the two samples of Comparative
Examples are shown in the corresponding columns of Table 1.
As evident from the data shown in the columns of
Comparative Examples 1(1), 1(2) and Examples 1(1), 1(9) of
Table 1, the resultant leakage current becomes incomparably
large when the purity of the valve metal powder is lower than
99 wt%¥. On the other hand, it is evident that with the purity

of not less than 99 wit%, the leakage current can be made small.

EXAMPLE 2

As will be described in this Example, 9 samples of
solid electrolytic capacitor elements and capacitor element
stacks were made, with their constituting elements and number

of stacked elements having been varied. These samples were
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subjected to measurements of characterstics, and their
differences with respect to electrostatic capacitance, ESR at
100 kHz and leakage current were studied. Table 1 shows
results of such measurements. The constituting elements
having been varied were anode body shape, foil material,
powder material of valve metal powder sintered body, CV value
of valve metal powder, solid electrolyte material, number of
stacked capacitor elements and thickness of capacitor element
(or thickness of capacitor element stack in the case of
stacked capacitor elements).
<Examples 2(1) and 2(2)>

By using the process of making the sample of single
layer solid electrolytic capacitor of Example 1(1) as
described above, 10 such samples were made. Two out of such
10 samples were stacked by using the stacking process as
described with reference to Fig. 5 to make a capacitor element
stack. The thus made capacitor element stack is sample of
Example 2(1). The rest eight samples were also stacked in the
same manner to make a capacitor element stack as a sample of
Example 2(2). These two samples were subjected to the
measurements the same as those described above, and the

results are shown in Table 1.
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As evident from Table 1, the thickness of the
capacitor element stack, the electrostatic capacitance and the
leakage current increase in proportion to the number of
stacked capacitor elements. On the other hand, the ESR values
decrease as the number of stacked elements increases.
<Examples 2(3), 2(4) and 2(5)>

By using the process of making the sample of single
layer solid electrolytic capacitor element of Example 1(1) as
described above, except that here niobium was used in place of
tantalum for the valve metal foil material and the valve metal
powder, 11 same samples were made. One out of the thus made
eleven samples is a sample of Example 2(3). Two out of the
rest 10 samples were stacked by using the stacking process as
described with reference to Fig. 5 to make a capacitor element
stack. The thus made capacitor element stack is a sample of
Example 2(4). The rest eight samples were also stacked in the
same manner to make a capacitor element stack as a sample of
Example 2(5). These three samples were subjected to the
measurements the same as those described above, and the
results are shown in Table 1.

As evident from Table 1, with niobium foils and

niobium powders, characteristics similar to those with
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tantalum foils and tantalum powders can be obtained.
Furthermore, it is also evident that the thickness of the
capacitor element stack, the electrostatic capacitance and the
leakage current increase in proportion to the number of
stacked capacitor elements. On the other hand, the ESR values
decrease as the number of stacked elements increases.
<Examples 2(6) and 2(7)>

By using the process of making the sample of single
layer solid electrolytic capacitor element of Example 1(1l) as
described above, except that here polythiophene and
polyaniline were used in place of polypyrrole for the solid
electrolyte material, two samples were made. These are
samples of Examples 2(6) and 2(7), each being a single layer
solid electrolytic capacitor element. These two samples were
subjected to the measurements the same as those described
above, and the results are shown in Table 1.

As evident from Table 1, with polythiophene and
polyaniline, characteristics similar to those with polypyrrole
can be obtained.

Lastly, for further comparison, two samples, as
other prior art, each using an anode member having a pellet

structure were made. Firstly, a sample of Prior art 1 was
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made in the following manner. A tantalum wire having a
diameter of 0.25 mm was embedded in a tantalum powder having a
CV value of 40,000 and a purity of 99 wt %. This powder with
the tantalum wire was molded to a given shape to form a molded
body. This molded body was sintered at a temperature of

1,450 C for 20 minutes, whereby an anode member having a
thickness of 0.84 mm was made. This anode member was then
subjected to anodic oxidation in a phosphoric acid agueous
solution containing 10 wt% concentration of phosphoric acid
with an anodizing voltage of 10 V for 120 minutes, thereby to
form a dielectric oxide film on the anode member. On the thus
made anode member having the dielectric oxide f£ilm, a
manganese dioxide layer having a thickness of 0.05 mm was
formed by the following process. That is, manganese nitrate
was coated on the anode member, and was then pyrolyzed to form
the manganese dioxide layer as a solid electrolyte layer. On
the manganese dioxide layer, a carbon layer was formed, and
further a cathode layer was formed thereon by coating and
curing a silver thereon. In this way, a prior art sample of a
single layer solid electrolytic capacitor element having a
thickness of 0.96 mm was made. The thus made sample is a

sample of Prior art 1 as listed in Table 1.
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A sample of Prior art 2, being a single layer solid
electrolytic capacitor element and having a thickness of 0.96
mm, was made in the same manner as employed for making the
Prior art 1 sample as described above, except that here
polypyrrole was used as the solid electrolyte layer in place
of manganese dioxide as used for Prior art 1 sample. These
two samples of Prior art 1 and 2 were subjected to the
measurements the same as those described above, and the
results are shown in Table 1.

It is evident from the above description including
Table 1 that the samples according to the present invention,
i.e. Examples 2(1) to 2(7) as well as Examples 1(1) to 1(9),
have advantageous characteristics over the samples according
to the prior art and comparative examples, i.e. Prior art 1 to
10 and Comparative Examples 1 and 2. That is, certain samples
according to the present invention, as compared with certain
samples of the prior art and comparative examples, have
smaller leakage currents. The other samples according to the
present invention have lower ESR or smaller thicknesses of the
capacitor elements even though their leakage currents may be
comparable to those of the other samples of the prior art or

comparative examples.
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Thus, the samples according to the present invention
can realize capacitor elements of smaller sizes and higher
capacitances with smaller leakage currents.

In view of the foregoing, according to the present
invention, which requires the impurity content in the wvalve
metal folil to be less than 1 wt%, the dielectric oxide film
formed by anodic oxidation can have decreased defects therein
owing to decreased impurities therein. Therefore, resultant
solid electrolytic capacitors can have decreased leakage
currents with the ESR being maintained to be low, and further
can have higher capacitances with smaller sizes by using high
CV valve metal powders.

Although the present invention has been described in
terms of the presently preferred embodiments, it is to be
understood that such disclosure is not to be interpreted as
limiting. Varilous alterations and modiflcations will no doubt
become apparent to those skilled in the art to which the
present invention pertains, after having read the above
disclosure. Accordingly, it 1s intended that the appended
clalms be interpreted as covering all alterations and
modifications as fall within the true spirit and scope of the

invention.
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CLAIMS

1. An anode member for a solid electrolytic
capacitor, comprising: an anode body made of a valve metal
foil having a purity of not less than 99 wt%; and an anode
layer made of a sintered body of a valve metal powder, said
anode layer being formed on said anode body.

2. An anode member for a solid electrolytic
capacitor according to claim 1, wherein said anode body has a
roughened surface thereon.

3. An anode member for a solid electrolytilc
capacitor according to claim 1, wherein said valve metal foil
comprises tantalum or niobium, and said valve metal powder
comprises tantalum or niobium, each having a purity of not
less than 99 wt%.

4. A solid electrolytic capacitor comprising an
anode body made of a valve metal foil having a purity of not
less than 99 wt%, an anode layer made of a sintered body of a
valve metal powder, a solid electrolyte layer, and a cathode
layer which are sequentially stacked, said anode body and said
anode layer having a dielectric oxide f£ilm.

5. A solid electrolytic capacltor according to claim

4, wherein sald anode body has a roughened surface thereon.
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