5 DEC 2005 -1 TITLE OF THE | NVENTI ON AN ANCDE 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 THE | NVENTI ON The present i?§3E ion
relates to capacitors used in various electronic equi pnent, partiédh r @ to
an anode nmenber using valve netals for a solid electrolytic capacitor, an
el ectrolytic capacitor using the sane, d a nmethod of nmaking the sane.
Ceneral ly, electrolytic capacitors used Tor e.g. secondary circuits of
power sources and CPU peripheries of personal conputers are strongly
desired to be smaller in size and higher in capacitance, and also to be

|l ower in the ESR (equivalent series resistance) for adaptation to high
frequencies. FIG 1 is a perspective view of an anode nenber for a
conventional solid electrolytic capacitor of such kind. Referring to FIG1
reference nuneral 1 is alead wire for an anode termnal, reference nuneral
2 is an anode nenber nade b nol ding a val ve netal powder of e.g. tantal um
or ni obi umBIFLE OFDEBE2GNYENDIQN ven shape and by enbedding the lead wire 1
in the nold of the vale netal powder. This kind of structure is called

pel l et structure, whANhANGDE R yOBf AeROLER ELREFROIFTIE CABACIYORt he
anode nenber 2 is made by: nolding the valve netal powder having the |ead
wire 1 enbclRLEQTROLYTACt CABAGHTQRAINGy THE SAME gi AN 2 YETHODs DRt er i ng t he
nol ded body; subjecting the sintered body to anodic oxidation to forma

di el ectri c MAKING fTHEMSAMBt shown) on its outer surface; and then
sequentially formng a solid electrolyte

BACKGROUND OF THE INVENTION

The present invention relates to capacitors used in
various electronic equipment, particularly to an anode member
using valve metals for a solid electrolytic capacitor, an
electrolytic capacitor using the same, and a method of making
the same.

Generally, electrolytic capacitors used for e.g.
secondary circuits of power sources and CPU peripheries of
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



| ayer (not shown) on the dielectric oxide filmand form ng a cathode |ayer
(not shown) thereon. An anode term nal (not shown) for external connection
is connected to the lead wire 1 of the anode nenber 2, and a catp@gf

term nal (not shown) for external connection is connected to the H34e

| ayer. The thus processed body is subjected to a nol ding using a nolding
mat eri al such as epoxy resin to coat the_anode nenber 2 with the nolding
material, thereby to make a solid eIectF%Tytic capaci tor. Furthernore,
recently solid electrolytic capacitors wusing, as electrolyte, electrically
conductive polyners, which have inconparably higher electric conductivities
t han conventional |y used manganese di oxi de, were devel oped and 5 DEC 2005 -3
commercialized in order to realize | ower ESR However, such a conventiona
anode nmenber and an electrolytic capacitor using the anode nenber as

descri bed above have drawbacks in the difficulty of realizing smaller
capacitors with higher capacitance. A specific exanple of prior attenpt to
make such @iorereshiapgabpng| et emsdding spgcileadswirall ekn jthesmpddand  hi gher
in capacitance is disclosed in Japanese Lai d-open Patent Publication

2000- 30678the-v@lep megsad pewderect Mhasvkind opatrugitoyei Asceaktedection, of a
single layer solid electrolytic capacitor according to such prior attenpt.
As shown ipeHed struztuoki dweidttiolgenecaddyacften usedr oposed, which has:
an anode body 3 nmade of a valve netal foil; a sheet form anode |ayer 4
formed on the anode bode Speoif healklyf the shpfiermemtyed)2 hizvimagenbgro pores
and being of a high Cv valve netal powder; and a solid electrolyte |layer 5
and a cat haoel dimy etheb viadveene bal t pawddie dlaviiogmthaeolead awiare 4. efbeddbdve
descri bed anode body and the anode |layer, as well as inner surfaces of the
m cro porestheréire tna@molded body of the given shape; sintering the

molded body; subjecting the sintered body to anodic oxidation
to form a dielectric oxide film (not shown) on its outer
surface; and then segquentially forming a solid electrolyte
layer (not shown) on the dielectric oxide film and forming a
cathode layer (not shown) thereon. An anode terminal (not
shown) for external connection.is connected to the lead wire 1
of the anode member 2, and a cathode terminal (not shown) for
external connection is connected to the cathode layer. The
thus processed body is subjected to a molding using a molding
material such as epoxy resin to coat the anode member 2 with
the molding material, thereby to make a solid electrolytic
capacitor.

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

conventionally used manganese dioxide, were developed and



| ayer, have a dielectric oxide filmformed thereon by having been subjected
to anodi c oxidation. However, on the surface of the valve netal foil of the
anode body 3, inpurities such 5 DEC 2995 -4 as Fe, Si, alkaline §gE@hgm;and
al kaline earth netals are likely to segregate. Furthernore, the surface
area of the valve netal foil Is inconparably larger than that of a |ead
wire having a usually often used dianetﬁg of 0.25 mm  Accordingly, such
structure as of Fig 2 is conparatively nore influenced by the inpurities in
the netal foil conposition, whereby |eakage current of the resultant
electrolytic capacitor increases. In other words, because of the use of
the valve netal foil for the anode body 3, the dielectric oxide filmformnmed
by the anodic oxidation are likely to have nore defects, so that the
resultant solid electrolytic capacitor is likely to suffer |arger |eakage
current. BRIEF SUMVARY OF THE INVENTION It is an object of the present
invention to solve the problens of such prior art, and to provide an anode
menber  f opommesstial igesc ipoPydeE kxR i WRVER, E¥]- using a high CV
powder, can realize smaller size, higher capacitance, snmaller |eakage
current and | ower ESRWeVRE.pfeckem gonMamtienai| apoderreambiis amel @nectrol ytic
capaci tor using the anode nenber, and a nethod of making the anode nenber.
AD anode nehtetrolkytdralicagacdtoncuping ciite ianpdet member GEC GgRFibedhas a
structure, conprising an anode body nade of a valve netal foil having a
purity of abeve dsave Kmawdacksddiantherdiftfiicyd tiyagér reatitz ig smaldear ed body
of a valve netal powder, which anode |ayer is forned on the anode body. By
suppr essi ngapadiktarm witthohigheri agpa¢itansent ai ned in the valve netal foi
to an anmount not nore than 1 W% inpurities in a dielectric

A specific example of prior attempt to make such

conventional electrolytic capacitors smaller in size and
higher in capacitance is disclosed in Japanese Laid-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 attempt. As
shown in FIG. 2, a solid electrolytic capacitor is proposed,
which has: an anode body 3 made of a valve metal foil; a sheet
form anodevlayer 4 formed on the anode body 3 and made of a
sintered body having micro pores and being of a high CV wvalve
metal powder; and a solid electrolyte layer 5 and a cathode
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



oxide filmfornmed by anodic oxidation can be |owered, so that defects in
the dielectric oxide filmcan be decreased. Therefore, |eakage %gkrent of
the resultantsolid electrolytic capacitor can be decreased. The Bd@%body
preferably has a rough surface, i.e. alternating convex-concave surface.
Thereby, inpurities segregated on the surface of the valve netal foil can
be lowered. At the sane tine, netal onding bet ween the anode body of the
valve netal foil and the anode | ayer of "the valve netal powder sintered

body can be inproved. Consequently, |eakage current of the resultant solid
el ectrolytic capacitor can be decreased. Furthernore, it is preferred that
tantal um or ni obi um be used for the valve netal foil, and that tantal um or

ni obi um each of a purity of not less than 99 w % be used for the valve
netal powder in the valve netal powder sintered body. 5 DEC 2005 -6 Thereby,
good form ng or anodi c oxidation property, nanely honogeneous conposition
and uni form thickness_of the dielectric_oxide film can be realized with
t he i mpuriasy Fegofiai Adkaiine Heetadisy @ndetdkapdngcpastmimatdd $Hé&F¢ bei ng
suppressed to _an anmount of not nore than 1 w% resulting in decreased
def ect s i ntikedvditel segregabsi dEurtharmege orthehgiuyrfaceharpasoftide solid
el ectrolytic capacitor can enjoy a decreased |eakage current and a higher
capaci t ancealveh@edalli ol ets r nganraréddyc lesgencthbanli thpt @f e legdesent
invention conprises the followi ng four elements that are sequentially
stacked: anznddwipadp nedeldy oftenl wisededdpmeter|ofha@iiymm.purity of not
| ess than 99 wt % an anode | ayer made of a valve netal powder sintered
body; a soh¢ebmiiegliyol pueh| syructunel as oft Fdde 2| i5eeommaratdhielyamorki d
el ectrolytic capacitor having a small | eakage current can be obtained with
a st abl e ripfbukngidsi biyt yhe impurities in the metal foil composition,

whereby leakage current of the resultant electrolytic

capacitor increases. In other words, because of the use of

the valve metal foil for the anode body 3, the dielectric

oxide film formed by the anodic oxidation are likely to have

more defects, so that the resultant solid electrolytic

capacitor is likely to suffer larger leakage current.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to solve
the problems of such prior art, and to provide an anode member
for a solid electrolytic capacitor which, by using a high CV
powder, can 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



Still further, the solid electrolyte layer preferably conprises an
electrically conductive polyner material. Thereby, the electrical
conductivity of the solid electrolyte |ayer can be nmade very hi ghpFramgs t hus
a very low ESR can be realized. Another structure of a solid electrolytic
capacitor 5 DEC 2005 -7 according to the present invention conprises a stack
of at least two solid electrolytic capacitor elenents stacked on each
other, each solid electrolytic capacitor el enent conprising an anode body
made of a valve netal foil having a purity of not |less than 99 wt% an
anode | ayer nade of a valve netal powder sintered body, a solid electrolyte
| ayer, and a cathode |ayer that are sequentially stacked on each other.
Thereby, a solid electrolytic capacitor of a still lower ESR and a still

hi gher capacitance can be obtained. A nethod of neking an anode nmenber for a
solid electrolytic capacitor according to the present invention conprises
a step of formng a rough surface on an anode_body by subjecting the
surface ofhahed HITRCHEQy FEBRTHFiRG \A AROGRebRAYT BRI Rl idh el MSurity of not
|l ess than 99 wt%to an etching treatnent or a blasting treatnment, and a
step of fmehahgfoidh havdngnadpubdlly ofamaind@ss| shen Ahdetbfand fimtered body
of a valve netal powder. By this nethod, a solid electrolytic capacitor

havi ng a samtde | kaperymader oéne sintered hwedy piobt ¥phee. meyal oawdemovel
features of the present invention are set forth particularly in the
appended cwhiol,andie grayeantis Eaveed | om, theotamode bodpr g&yi suppoasairig
content, will be better 5 DEC 2005 -8 understood and appreci ated, along with
ot her obj ethe amounf exfi tites impurdty, contorinese imothewagveleretidledaddscri pti on

to an amount not more than 1 wt%, impurities in a dielectric
oxide film formed by anodic oxidation can be lowered, so that
defects in the dielectric oxide film can be decreased.
Therefore, leakage current of the resultant solid electrolytic
capacitor can be decreased.

The anode body preferably has a rough surface, i.e.
alternating convex-concave surface. Thereby, impurities
segregated on thé surface of the valve metal foil can be
lowered. At the same time, metal bonding between the anode
body of the valve metal foil and the anode layer of the valve
metal powder sintered body can bevimproved. Consequently,
leakage current of the resultant solid electrolytic capacitor
can be decreased.

Furthermore, it is preferred that tantalum or
niobjium be used for the valve metal foil, and that tantalum or
niobium each of a purity of not less than 99 wt% be used for

the valve metal powder in the valve metal powder sintered body.



taken in conjunction with the drawi ngs. BRI EF DESCRI PTI ON OF THE SEVERAL
VIEWS OF THE DRAWNG FIG 1 is a perspective view of a conventi onal Eoﬂe
menber, called pellet structure, for a conventional solid electroﬁ}E 005
capacitor. FIG 2 is a perspective view, partially in cross section, of a
conventional single layer solid electrolytic capacitor using another
conventional anode nenber. FIG 3 is a perspective view, partially in cross
section, of a single layer solid electrolytic capacitor according to the
present invention using an anode menber 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

el ectrolytic capacitor elenments each using an anode nenber according to the
present invention. FIG 5 is a cross-sectional view of another stack type
solid electrolytic capacitor according to the present invention. 5 DEC 2005
FIG 6 is a gragh showi_ng the relation between foil purity and | eakage

een_ | I

current inTHEEEPYr 0ISABWFRFTING OFc 880dhE: QBT Ik RFEREH HenPEMELYsi ngl e
| ayer solid electrolytic capacitors using anode nenbers according to the
present i MPBPIEBRCORAICPRRREL oS PRy BRAAQER thickpesse o db¢tic capacitors
usi ng conventional anode nenbers. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Her ei naf t erdiedesdEde) gxpiefBilibd CERhEE FeALsZed Wik riheodmPuEdtEr esent
invention will be described with reference to the draw ngs, and nore
speci fi cal Igprdad@eidbén thei YR aetRds PowdgEveinterrd hasepeingvent i on, as
defined in the appended clains, is not limted to such certain enbodinents
or Exanpl essuppugss®d; $0aapean@int iofe npteWorpatham|l W% @esydting in

decreased defects in the dielectric oxide film. Accordingly,

the resultant solid electrolytic capacitor can enjoy a

decreased leakage current and a higher capacitance.

The solid electrolytic capacitor according to the

present invention comprises the following four elements that

are sequentially stacked: an anode body made of a valve metal

foil having a purity of not less than 99 wt%; an anode layer

made of a valve metal powder sintered body; a solid

electrolyte layer; and a cathode layer. Thereby, a solid

electrolytic capacitor having a small leakage current can be

obtained with a stable reproducibility.

Still further, the so0lid electrolyte layer

preferably comprises an electrically conductive polymer

material. Thereby, the electrical conductivity of the solid

electrolyte layer can be made very high, and thus a very low

ESR can be realized.

Another structure of a solid electrolytic capacitor



section, of a single layer solid electrolytic capacitor according to the
present invention, nmade by using an anode nenber according to the present
invention. Referring to FIG 3, reference nuneral 7 is an anode b%gﬁtﬂﬁﬁd
is mde.of a tantalumfoil or a niobiumfoil each having a purity

| ess than 99 wt % The thickness of the anode 7 can be varied wth various
uses. Usually, its thickness is designeg710 be 5 DEC 2005 -10 20 to 70 gm A
paste of tantal um powder or niobium powder, as a high CV valve netal, is
coated on the top and rear surfaces of the anode body 7, and is
pressure-nol ded to a given di nension and thickness. The thus made nol ded
body is sintered in vacuum thereby to form on the anode body, an anode
| ayer 8 made of a sintered body of a valve nmetal powder. The netal foil of
t he anode body 7 and the sintered body of the anode |ayer 8 are

nmet al - bonded at the boundary surface thereof. Further, the anode | ayer 8

has many mcro pqores, inside thereaqf. The thickness of the anode | ayer 8 can
be varied 3f d&n\gap:pe{:léeox?r%e&t_ 1OYGRELGD PORPTHF 4% o Sac O%egfL'gned to be

50 to 150 um The anode, body 7 and the anode |ayer 8 constitute an anode
menber. Thikeaftod¥onsnbit ¢ ec%YfngE&Fe&aPBCéﬁ‘éﬁi Lepments iS5AWEY 8bei ng
supplied with a iven form ng, voltage, whereby a dielectric oxide film
which is £afk ® meREChoS qIRSTIRPAL L afiRRAGH QL [BIEme™dnt sol i d

el ectrolytic capacitor, is forned on the surfaces of the anode |ayer 8, the

i nner sur f RYPIFHSiNGe 2R @8PEAGPRLY Madenefafoddlve fyetal Hirlla HFaAngdop t he
surface of the anode body 7, on which part the anode body is not

met al - bondeRM%H h qﬁméloéiniaéﬂ Bhar 99 WS .t BPcRARYS baver dKids &fedt VR&VEXi de
filmis in proportion wth the formng voltage. Wth a form ng voltage of

. .Lag
20 V, for 5meEd Foosier] $ipkeRpfcbody s & FiodRAe8dCHEERRERS ARNAT .sGRE Rundr ed
A
cathode layer that are sequentially stacked on each other.

Thereby, a solid electrolytic capacitor of a still lower ESR
and a still higher capacitance can be obtained.

A method of making an anode member for a solid
electrolytic capacitor according to the present invention
comprises a step of forming a rough surface on an anode body
by subjecting the surface of the anode body made of a valve
metal foil having a purity of not less than 99 wt% to an
etching treatment or a blasting treatment, and a step of
forming, on the anode body, an anode layer made of a sintered
body of a valve metal powder. By this method, a solid
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



One of the nost inportant points of the present invention is in the use of
a valve netal foil, nmade of tantalum or niobium having a purity of not

|l ess than 99 wt% That is, the inportant point of the present invention is
based on such discovery by the present inventors that, in the range Dif2089
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
resultant | eakage current can also be mnimzed. In a range of |ess than 99
w% it becones difficult to sufficiently decrease the resultant |eakage
current. Further, in such range, the influence of the wvariation of the
purity of the valve netal foil on the variation of the resultant |eakage
current becones large. This is considered to be because in such |low purity
range, the thickness and the conposition of the dielectric oxide film
becone non-uni form and i nhonbogeneous, respect.vel so that nany undesired
def ects ar UPRFRIQASE apd ﬁBPHg‘é}%E‘?q“i AlengEith; Pﬁ‘q torieqh2f@d ed that the
anode body have a rough surface, i.e._ alternating convex-concave surface.
This is - 12emteas Wetsodv SR the SOIGFiSe fatellndese TP LR ect i ng
the surface of the anode body to a surface roughening treatnment, such as
et chi ng trehekemtimmPmivReting vidthstdrasiagsng a function to chemically
or nechanically scrape off or scratch off the surface of the anode body,
the inmpurities segregated on the surface of the valve netal foil of the
anode body can be | owered. Furthernore, by providing the rough surface on
t he anode bBBYEFtPESCRARTHON QF cZHBf SEYRRALy M 6F THReD body

i ncreases, so that the netal bonding between the valve netal foil and the
val ve netal sintered Béoy ki 45 RnpeBIRRELING Yiewu9€sat aenvenikiandlomnedeween

the valve netal foil and the valve netal sintered body is nechanically
member, called pellet structure, for a conventional solid

electrolytic capacitor.

FIG. 2 is a perspective view, partially in cross
section, of a conventional single layer solid electrolytic
capacitor using another conventional anode member.

FIG. 3 is a perspective view, partially in cross
section, of a single layer solid electrolytic capacitor
according to the present invention using an anode member
according to the present invention.

FIG. 4 is a cross-sectional view of a stack type
so0lid electrolytic capacitor according to the present
invention, with stacked solid electrolytic capacitor elements
each using an anode member according to the present invention.

FIG. 5 is a cross-sectional view of another stack
type solid electrolytic capacitor according to the present

invention.



strengt hened. Consequently, nechani cal damage of the anode nenber can be
decreased. The above described |owering of the inpurities on the f &f of
the valve netal foil, and the decrease of the mechani cal damage éﬁﬁiﬂﬁ
anode nmenber allow the resultant solid electrolytic capacitor to decrease
its |eakage 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 amin terns of average distance between top points of the convexes
and bottom points of the concaves 5 DEC 2005 -13 of the rough surface. Wen
such average di stance becones shorter than 0.5 um sufficient roughness
cannot be realized, while when it becones |onger than 10 um sufficient
strength of the nmetal foil of the anode body cannot be nmintai ned. Suitable
processes for providing the rough surface are blasting treatnent and
etching treatnent. In the case of the etching treatnent, etchants
containing alkalis or_acids can be used. It is to_be noted that tantalumis
chemically very std®, &d¢ & GhPRM FROWING theefedatipnsbabyeen Hrikf or e,

it is necessary to select suitable kinds of etchants from anong al kalis and
aci ds. An @uEhRiNt apdnkeder I AT TES BBt OTIRR Y AW AdfEPTaRCARI d cont ai ni ng
fluorine. Further, for the valve netal powder sintered body in the anode
menber, it bedvwgerf teakbhge tpuppatsaffaringde X gelighedrchaglyti®irity of
not less than 99 wt% Such use contributes to a decrease of the |eakage
current andapacitarscusingfandge sgphersaneecriinhda dbel pxesenslid

el ectrolytic capacitors. This is because, by suppressing the inpurity
cont ai ned iimvenéionl gedthese pivsdnadienlayed $pdid tedecarodybint of not nore
than 1 wt% the formability or capability of anodic oxidation of the anode
menber can dapadigprsvedingnepnventdionadcappde geemhens. of the diel ectric oxide

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, presently preferred embodiments to
carry out the present invention will be described with
reference to the drawings, and more specifically described
using Examples. However, the present invention, as defined in
the appended claims, is not limited to such certain
embodiments or Examples.

FIG. 3 is a perspective view, partially in cross
section, of a single layer solid electrolytic capacitor
according to the present invention, made by using an anode
member according to the present invention. Referring to FIG.
3, reference numeral 7 is an anode body, and is made of a
tantalum foil or a niobium foil each having a purity of not
less than 99 wt%. The thickness of the anode 7 can be varied

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



5 DEC 2005 -14 filmcan be increased. Wien such purity becones | ower than 99
wt% the | eakage current of the resultant solid electrolytic capacigﬁgfﬁms
beconme too large. In FIG 3, reference nuneral 9 designates a solid

el ectrolyte layer. On the anode | ayer 8 of the anode nmenber having the
dielectric oxide filmas nade above, a solid electrolyte material is
coated, and is subjected to necessary _processes to formthe solid

el ectrolyte layer 9. Usual materials such as manganese di oxi de can be used
for the solid electrolyte material, but it is preferable to use
electrically conductive polymer materials having a high electric
conductivity for the purpose of lowering the ESR of resultant solid

el ectrolytic capacitors. Suitable materials for such electrically
conductive polynmer materials are polypyrrole, polythiophene and

pol yaniline. Reference nuneral 10 in FIG 3 is a cathode |layer forned on
the solid electrolyte layer 9. A representative process, of formng the

cat hode | a9@rt®s79 P or A Raghe Hoh Hapt&lumy ROWHET SBF | R id¥t ROWAed /| &Fer O,
coat a silver paste on the carbon layer, and cure the _silver paste to form
a silver @I%%ﬁ?cﬁﬁe?%%ﬂ%‘meﬁéﬂeréﬁc%P% of) the depi gRdt BR2A¥ HIGHARSS nade
single layer type solid electrolytic capacitor conprising 5 DEC 2005 -15 the
anode bodyo¥ tHhgcargde IRPQY\/e?'néPéI is presmvigTdoddsdr teyaogivedt | ess than 99
W % the anode |ayer 8 made of a valve netal powder sintered body, the
solid el eciivepsion grG thigkaesfe Tt AbYE Magermalied hodyr dssequential |y
stacked, wherein the anode body 7 and the anode | ayer 8 respectively
conpri se asigteredtin cvasuuwh fthERebYnte Heormy |mnithg, apadexbedY e &F a st ack

type solid electrolytic capacitor according to the present invention wll
anode layer 8 made of a sintered body of a valve metal powder.

The metal foil of the anode body 7 and the sintered body of
the anode layer 8 are metal-bonded at the boundary surface
thereof. Further, the anode layer 8 has many micro pores
inside thereof. The thickness of the anode layer 8 can be
varied with a variety of uses. Usually, its thickness is
designed to be 50 to 150 um. The anode body 7 and the anode
layer 8 constitute an anode member. This anode member is
subjected to anodic oxidation while being supplied with a
given forming voltage, whereby a dielectric oxide film, which
is a main element to bear the capacitance of a resultant solid
electrolytic capacitor, is formed on the surfaces of the anode
layer 8, the inner surfaces of the micro pores in the anode
layer, and a part of the surface of the anode body 7, on which
part the anode body is not metal-bonded with the anode layer.
The thickness of such dielectric oxide film is in proportion

with the forming voltage. With a forming voltage of 20 V, for



be described with reference to FIG 4. FIG 4 is a cross- sectional view of
an exanple of a stack type electrolytic capacitor having stacked solid
el ectrol ytic capacitor el enents each using an anode nenber accordi AGEE dlR5he
present invention. Reference nuneral 41 is a solid electrolytic capacitor
el ement, and has a structure essentially simlar to that of the single
| ayer type solid electrolytic capacitor _as described above. In FIG .4, 12
pi eces each being such solid electrolyﬁﬂé capacitor elenment 41 are stacked
to forma capacitor elenment stack. The solid electrolytic capacitor
el ements 41 respectively have, as respective outernost |ayers, carbon
| ayers as cat hode | ayers, which are each electrically connected by a silver
el ectrode | ayer 42 formed by curing a silver paste. Thus, the silver
el ectrode | ayer 42 can also be 5 DEC 2005 -16 considered to be a part of
each cathode |layer of the solid electrolytic capacitor elenent 41. Although
not apparent from FIG 4, the silver electrode |ayer 42 eﬁfsts on and cover
whol e of tlexagipde.sit$athickifeashdecopasi abeut| soramthundxel, A whereby all the
silver electrode |layers 42 are electrically connected to each other.
Ref erence nuneral 440B@09h e mestddmpertant | peimts ©f theopbesenped cat hode
termnal for nmechanically fixing and electrically connecting a plurality of
nei ghbor i nginstenitdoneliscinotle iuse Hfad vorve| neest sEoid.t madghofiot appar ent
from the cross-sectional viewof FIG 4, the conb-shaped cathode termna
fixes the damda@luor orl sirebtumt dukvimg ehpusite elirieicdessf thae 84pwtkt or
el ement stack. Reference nuneral 43 is an external cathode term nal
el ectri cal I'Shadorisectbe fwpohkarnbipindhafetiheapheskent aémviendliondisobased
el ectrically connecting the cathode |ayer of each solid electrolytic
capaci t or erererh 4iscoveoytby deie amgseot dovérteorsigthaitectini ¢heurasges. On
the other hand, reference nuneral 47 is an anode

of 99 wt% or above, the leakage current of resultant solid

electrolytic capacitors can be minimized, and further that 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. In a range of less than 99 wt%,
it becomes difficult to sufficiently decrease the resultant
leakage current. Further, in such range, the influence of the
variation of the purity of the valve metal foil 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
film.

It is preferred that the anode body have a rough

surface, i.e. alternating convex-concave surface. This is



body in and extendi ng outside fromeach solid electrolytic capacitor

el enment 41. In the case of the exanple showmn in FIG 4, four anode bodies
47 of neighboring four solid electrolytic capacitor elenents are tied in a
bundl e. Al though not 5 DEC 2005 -17 apparent fromthe cross-sectional view
of FIG 4, reference nuneral 45 shown by two-dot chain |ines designates a
conb- shaped anode termnal for electrically and nmechanically connecting
the respective tied anode bodies 7. Plw&t such conb-shaped anode termnals
are electrically connected to each other. Reference numeral 46 designates
an external anode termnal electrically connected to the conb-shaped anode
termnals 45 for electrically connecting the anode bodies 47 of the solid
el ectrolytic capacitor elenments 41 to outside, and for collecting electric
currents. Reference nuneral 48 designates an exterior resin for nolding the
above described nmain constituting elenents including the capacitor el enent
stack. In the follow ng, another exanple of a stack type solid electrolytic
capaci t or because rgy tpravielipge $bet rougly esurf@cen Inlamed ydbg csulhpelwiridh
reference to FIG 5. FIG 5 1is a cross-sectional view of such another

exanpl e of theaskrfaggpesdhed anlodet bolytta o apadfidcer rleaghegisg acked sol i d

el ectrolytic capacitor elenents each using-an anode nenber according to the
present i nyeBhtnent Refwtteree etciingl tbdatmerst sold dhlelsethyotysatmerstgpaci t or

el enent, and has a structure essentially simlar to 5 DEC 2005 -18 that of
the singl enagiay dypensid 10 ehlemobilly e@paeiiaricadlydescapdesEmhave. | n
FIG 5, ten pieces each being such solid electrolytic capacitor elenent 51
are stackegdratthr 6ta Gpafidfeiceclofmene aMGAK . bollys Iblei dmphectiod ytic

capaci tor

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



el ements 51 respectively have, as respective outernost |ayers, carbon
| ayers as cathode |ayers, which are each electrically connected by sgpgijyer
el ectrode | ayer 52 formed by curing a silver paste. Thus, the silver
el ectrode | ayer 52 can also be considered to be a part of each cat hode
| ayer of the electrolytic capacitor elenment 51. Although not apparent from
FIG 5, the silver electrode |ayer 52 gf§§ts on and cover whole 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 termnal electrically connected to the silver
el ectrode layer 52 for electrically connecting the cathode |ayer of each
solid electrolytic capacitor elenent 51 to outside, and for collecting
el ectric currents. On the other hand, reference nuneral 57 is an anode body
in and extendi ng outside fromeach solid electrolytic capacitor elenment 51.
Ref erence ngn?%al 56 .desi_gnat es ext%rga anod ternin%l electrically

2 A

n I
connected P ?ﬂﬁﬁa%? €005 2P FU50UITES T8 o i??ﬁ?%ﬁﬂlﬁfogFgctrolytic
capacitor elenents 51 for,  electrjcally, connecting the anode bodjes 57 to
outsi de, aRBOTFSF EOPt dbt] dP ol RECE Bl FENPC TR EADRLe RUFER b 28%,
designates an_exterior resin for nolding the above described main
consti t uti HgiePetReR sit Raqomety LORECEapBRR tH ‘Bl et icdentk Strehethar t er,
exanpl es of the present_invention will be_specifically described in
EXANPLES woEh thef BRERL Qi) oiDer 2PPPE BOARHAINCY be DALREAHISDr art
exanpl es, for conparing tthem EXAMPLE 1 As wi||. be described in this
Exanpl e, 19 sanpl es 9¥1tah)fyIPFocssarst P8 RVifiadPeofpreR SUERSGS or

elenents were _made with their constituting el enents having been vari ed.
are blasting treatment and etching treatment. In the case of

the etching treatment, etchants containing alkalis or acids

can be used. It is to be noted that tantalum is chemically
very stable, and niobium is also chemically stable. Therefore,
it is necessary to select suitable kinds of etchants from

among alkalis and acids. An etchant considered to be most
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



These sanples were subjected to neasurenents of their characteristics, and
their differences with respect to electrostatic capacitance, ESR & pgOf)ikHz
and | eakage current were studied. Table 1 shows results of such
measurenents. The constituting el enents having been varied were tantalum
purity as valve netal foil, existence of roughened surface of the valve
netal foil, and material kind and purit¥ of valve netal 5 DEC 2005 -20
powder sintered body. <Exanple 1(1)> A #7rst exanple, i.e. a sanple of
Exanple 1(1), having a structure shown in FIG 3 was nmade in the follow ng
manner. A tantalumfoil having a thickness of 30 Jimand a purity of 99 wt%
was prepared. This tantalumfoil was immersed in an aqueous sol ution
containing 5 wt % concentration of hydrofluoric acid for 10 m nutes for
etching the foil surface, thereby to roughen the foil surface to have
al ternating convex-concave surface. On the other hand, a tantal um powder,
as a valve netal powder, having a purity of 99 w% and a CV val ue of
100, 000 wafipmepan e W@%ﬁﬁéerm%§%8ﬁr&$¥hb?§?’b?ﬁé€ﬂwqro thare %98 powder
paste. This powder paste was coated on a top and a rear surface of the
above prepire tbel leakagry ArreRthefeihe uFestidandnsoddl edeebrebyic pressure
nol ding to make a nol ded body. This nol ded body was then sintered in a
vacuum of T@pecIsersobetenertast largeenperature of 1250 “C for 20 ninutes,
thereby to make a 180 um thick anode nmenber having a sheet shaped anode
| ayer. The thus nmadelman®be. rentrefengbcp| pweerdln fQrdesjenates aosetidn
containing 10 wt % concentrati on of phosphoric acid. A counter el ectrode as
cat hode forlastadiodybei dayénn @astBe BEO®I(EYer]18sefathe canods @embed and
pl aced in the phosphoric acid. A

having the dielectric oxide film as made above, a solid

electrolyte material is coated, and is subjected to necessary
processes to form the solid electrolyte layer 9. Usual
materials such as manganese dioxide can be used for the solid
electrolyte material, but it is preferable to use electrically
conductive polymer materials having a high electric
conductivity for the purpose of lowering the ESR of resultant
solid electrolytic capacitors. Suitable materials for such
electrically conductive polymer materials are polypyrrole,
polythiophene and polyaniline.

Reference numeral 10 in FIG. 3 is a cathode layer
formed on the so0lid electrolyte layer 9. A representative
process of forming the cathode layer is to form a carbon layer
on the so0lid electrolyte layer 9, coat a silver paste on the
carbon layer, and cure the silver paste to form a silver
electrode layer. Reference numeral 11 designates the thus

made single layer type solid electrolytic capacitor comprising



vol tage of 10 V was applied between the anode nenber and the counter

el ectrode to anodi ze the anode nenber, whereby a dielectric oxidg frlypswas
formed on the anode nenber. Then, a polypyrrole |ayer having a thickness of
25 umas a solid electrolyte layer was fornmed on the above nade anode
menber having the dielectric oxide film For formng the polypyrrole

| ayer, a repetitive chem cal oxidation polynerization process was enployed.
That is, in one chem cal oxidation pofl Heri zati on process, the anode nenber
having the dielectric oxide filmwas dipped in a liquid naterial conposed
of a pyrrole nonomer and an oxidi zi ng agent, and was pulled out of the
liquid material, and then was heat cured. This chem cal oxidation

pol ymeri zati on process was repeated plural times, thereby to formthe

pol ypyrrole layer. Lastly, on the thus prepared solid electrolytic I|ayer, a
carbon | ayer was formed. On the carbon layer, a silver paste was coated and
heat cured to nmake a cathode | ayer, whereby a sanple of a single |ayer type
solid el ecthel gnpde bedwcl madeclodnenvahes imetal tividk heydngf aOpasitiyn afas

made. The thus nmade sanple of Exanple 1(1) was neasured, by using a

st andard neasuileag himamdP ayideftheednoge J1& & BEQ@aAR0DL- a2valvpanetal

I ndustrial Standard) C-5102, with respect to three characteristics, nanely
el ect r ost apowdeapatntaned  bddyR ahel60lid Hzleritrdlgticadayeur Beanhd #ise shown in
Table 1, colum of Exanple 1(1), the results of the neasurenents indicated
that the dathedehaaget el sthiats aver sedf@éntifal P stacked ,k Mheaadn 36he uA,
respectively. <Exanple 1(2)> Next, a sanple of Exanple 1(2) was made. This
sanpl e WwasnudEke bodyt Neas@nthermmntde dayehas respenteidrely eohppgséha sanple
of Exanple 1(1) as descri bed above, except that niobium having a purity of
99 Wt % was disa@dtiripl ertdeffilwe t ant al um

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 pfésent 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



having a purity of 99 wt% as used in Exanple 1(1) for the powder naterial
of the nmetal powder sintered |ayer for the anode |ayer. The three 5DEC 2005
characteristics of the thus made sanple of this Exanple 1(2) are shown in
Table 1, columm of Exanple 1(2). <Exanple 1(3)> Next, a sanple of Exanple
1(3) was nmade. This sanple was nmade in,the sane manner as that enployed in
maki ng the sanple of Exanple 1(1) as descri bed above, except that here the
etching process as used in Exanple 1(1ylfas not enployed, so that the valve
netal foil here did not have a roughened 5 DEC 2005 -23 surf ace. The three
characteristics of the thus made sanple of this Exanple 1(3) are shown in
Table 1, colum of Exanple 1(3). <Exanples 1(4) to 1(8)> Five sanples of
Exanples 1(4) to 1(8) were made in a manner the sane as those descri bed
above in Exanples 1(l) to 1(3), except that purities of tantalumfoils as
valve netal foil, existence of roughed surfaces of the foils, and materi al
ki nds of the powder materials for the valve netal powder sintered bodies
wer e parti @ongidereddtasbe oparitn ofabhehlcatlmleumayeaf oExahpl sslid4) to
1(8). The three characteristics of each of the thus nmade five sanples are
al so shown electabllgti¢ capddicdoroelespondihg adkhough not cappaspandeome W t h
t hese eight sanples of Exanples 1(1) to 1(8), eight prior art sanples, |.e.
Prior art F3d.04]10theestlvespaeidtreldy dageri4p eaorirsaspendangl gotbe sane
manners, except that the valve netal foils in Prior art sanples 3 to 10 had
a purity ofyHbiemo¥ @he98id¢ %urT dtedC @fOtthe 9Capdhtasr wlethentt Exasp|es 1(1) to
1(8). The three characteristics of such eight prior art sanples were al so
measur ed, affbrdby ahoWehé Ns TRk dledtrole Taydaspndiregd eleekdibally

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



Wth respect to such sixteen sanples, their valve 5 DEC 2005 -24 netal foi

purities and neasured | eakage currents were plotted in a graph of F|§EQ§ 5
Thus, FIG 6 shows relations between valve netal foil purities and le aa@
currents regarding these sixteen sanples, where the val ues of the | eakage
currents are indicated by normalized index. Mre specifically, FIG 6
shows differences in | eakage current between a group of single layer solid
el ectrol ytic capacitors using anode nemddrs with valve netal foils having
purities of not |ower than 99 wt % according to the present invention and a
group of those with valve netal foils having purities |ower than 99 wt %
according to prior art. Referring to the graph of FIG 6, N designates a
plotted curve with respect to Prior art 6 and 10, and Exanple 1(4) and
1(8). In other words, it shows | eakage currents of the sanples, in which
ni obiumis used for the valve netal powders, and the valve netal foils do
not have roughened surfaces. Meanwhile, Ti designates a plotted curve with

respect to dpparenar £rbmathle Scresut dectipnall {3gwanfl AYF) .4, refetreacewor ds, it
shows | eakage currents of the sanples, in which tantalumis used for the

val ve met almpserdar 5 8hdwhhisy twed Ao thethalinf dihes ddesidindtase ar eogbened
surfaces. On the other hand, T2 designates a plotted curve 5 DEC 2005 -25
Wi th respecéhdpedranvdeateridisall for asfbdbtdwaies dhd)medrhnld@lly | n ot her
words, it shows | eakage currents of the sanples, in which tantalumis used

for the valyénieit@ingrenderespéctivdeiamlandodeebalié®i?s paveal oggfiened
surfaces, nanely surfaces having alternating convexes-concaves. Manwhil e,

N2 desi gna¢&fb-asHipdd edloadr vermindl ¢ eapeel ecrPea iy atdnrfecith &o eabd

Exanmples 1(2) and 1(6). In other words, it shows | eakage
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 solid 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

solid 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 so0lid electrolytic

capacitor element, and has a structure essentially similar to



currents of the sanples, in which niobiumis used for the valve met al
powders, and the valve netal foils have roughened surfaces. ist

noted here that in the graph of FIG 6, the |eakage current of t he @Qﬁg?@5
of Exanple 1(3) is designated as the standard of the nornalized index, i.e
100. It is apparent fromthe graph of FIG 6 that as the purity of the
valve netal foil for the anode body increases, the |eakage current
decreases and gets saturated in the rany®- of the valve netal foil purity of
99 wt % or above. Nanely, in such range of 99 w % or above, the | eakage
currents of the resultant solid electrolytic capacitors can be mnim zed.
Furthernore, in such range, the influence of the variation of the purity of
valve netal foil on the variation of the resultant |eakage current can al so
be mnimzed. It is also apparent fromthe graph of FIG 6 that in such
purity range of 5 DEC 2005 -26 less than 99 w% the | eakage currents of the
resultant solid electrolytic capacitors becone |arge, and that the
influence tpAttée e isilique Qhaybletppei so11d dleetrahyeigetapaédidr ok t he
variation of the resultant | eakage current becones large. It is also evident

fromthe QH@BBrQIf)ec'f'ﬁ)oxféth@h rhe. sxitdrepiecet éhén reahenednsuebiages on

the valve netal foils allows the resultant | eakage currents to further

decr ease 'EleEQHBP?tﬁ@rbélﬂé&ltfolieeQéﬁén%ﬂ Gatd1stlked WBt abnhok!s do not
have roughened surtiaces. Besides, although the roughened surfaces were

provi ded byabhe;ebshiiehdi R, irRet 881 POV Ec15VIRHEE: chha¥®eosonfirned
that simlar effects by the roughened surfaces weré obtai hed when such

roughened gyehafes sYCFSspEOMWad BuvESi 88 Blasddiige! Bﬁ%%{iét WMohs i s
ordinarily used for roughening netal surfaces. Details of the process of

such bl ast |c%%bbhe§59§£‘§ @éecm{odéeaag;%d Weiéh SfexazRheelbdiziblXiy 1N

order to study the influence caused t he
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
capacitor element 51. Reference numeral 56 designates an

external anode terminal electrically connected to the anode



variation of purity of the powder in the valve netal powder sintered body,
a sanple of Exanple 1(9) was made. This sanple was nmade in a manner fi8 7005
sanme as that used in nmaking the sanple of Exanple 1(1), except that here a
tant al um powder having a purity of 99.5 wt % was used in place of the
tantalum 5 DEC 2005 _27_ powder having a purity of 99 wt% The three
nmeasured characteristics of the thus made sanple of Exanple 1(9) are shown
in Table 1, colum of Exanple 1(9). Forl®onparison, sanples of Conparative
Exanples 1(1) and 1(2) were made in a manner the same as that used in
maki ng the sanple of Exanple 1(1), except that here two tantal um powders
respectively having purities 0-97 wt% and 98 w % were used in place of the
tant al um powder having a purity of 99 wt% The three neasured
characteristics of each of the two sanples of Conparative Exanples are
shown in the corresponding colums of Table 1. As evident fromthe data
shown in the colums of Conparative Exanples 1(1), 1(2) and Exanples 1(1),
1(9) of Teblted,51hef rdsllsicddt kkektnelyiic expadodtoreelementpBhalfior | arge
when the purity of the valve netal powder is lower than 99 W% On the

ot her handeléétiEc£Viyeivnridmiing the t iodiMddiesoBNab bessiddammd w % the
| eakage current can be nmade small. EXAMPLE 2 As will be described in this
Exanpl e, 9£sanpbEbe®fing @ictteliectuptents. CREAEHENE ahaRBY]S 58nd capaci t or
el ement stacks were nade, with their constituting el enents and nunber of

stacked el gagfysatey iy Laalriva iredin THEs ansIRITRIE THEL BBoDe DECs 2005 g 28

subj ected to neasurenents of characterstics, and their differences with

respect topghgCtsRSt fthti fRRAGHARSCinERRIAlg tHD ddgacardr! epkagee cur rent
were studied. Table 1 shows results of such neasurenents. The constituting
elements gtack.

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 wvalve metal



havi ng been varied were anode body shape, foil material, powler material of
val ve netal powder sintered body, CV value of valve netal powder, gﬁwgpun
el ectrolyte material, nunber of stacked capacitor elenents and thic sé %f
capacitor elenent (or thickness of capacitor element stack in the case of
stacked capacitor elenents). <Exanples 2(1) and 2(2)> By using the process
of making the sanple of single |layer solid electrolytic capacitor of
Exanpl e 1(1) as described above, 10 suéR-sanpl es were made. Two out of such
10 sanpl es were stacked by using the stacking process as described with
reference to Fig. 5 to nake a capacitor elenment stack. The thus nade
capacitor elenent stack is sanple of Exanple 2(1). The rest eight sanples
were al so stacked in the sane manner to nake a capacitor el enent stack as a
sanple of Exanple 2(2). These two sanples were subjected to the
measurenents the sane as those descri bed above, and the results are shown
in Table 1. 5 DEC 2005 -29 As evident from Table 1, the thickness of the
capaci t or @lowdent sghbeked tWedwl ectrostati c capaci tance and the | eakage
current increase in proportion to the nunber of stacked capacitor el enents.
On the ot hetExazpde 0K&)ESR val ues decrease as the nunmber of stacked

el enments increases. <Exanples 2(3), 2(4) and 2(5)> By using the process of
maki ng the sanpl e of Asfhgse exampdre,sdl.ied el satpld ydifi Exampdei 190 )el enent of
Exanpl e 1(1) as described above, except that here ni obiumwas used in place
of tantal taviog ahetyatvereesladwii dinl PGt eBi ahs amdlid him \tlev €ol@batingpowder ,
11 sane sanples were nade. One out of the thus nade eleven sanples is a
sanpl e of mx@Ere 24 PHantBrunPEoiaf habengr&sthikdknesepbes3venmn ahacked by
usi ng the stacking process as described with reference to Fig. 5 to nake a
capaci tor ghereit 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 agueous
solution containing 10 wt% concentration of phosphoric acid.

A counter electrode as cathode for anodic oxidation was



stack. The thus made capacitor elenent stack is a sanple of Exanple 2(4).
The rest eight sanples were al so stacked in the sanme manner to nmake a
capacitor el enent stack as a sanple of Exanple 2(5). These three 5Bbpl85
were subjected to the neasurenents the sane as those descri bed above, and
the results are shown in Table 1. As evident from Table 1, w th niobium
foils and niobium powlers, characteristics simlar to those wwth 5 DEC 2005
-30 tantalumfoils and tantalun1powdef§16an be obtained. Furthernore, it is
al so evident that the thickness of the capacitor elenent stack, the

el ectrostatic capacitance and the |eakage current increase in proportion to
the nunber of stacked capacitor elenents. On the other hand, the ESR val ues
decrease as the nunber of stacked el enments increases. <Exanples 2(6) and
2(7)> By using the process of naking the sanple of single layer solid

el ectrolytic capacitor elenment of Exanple 1(1) as described above, except
that here pol yt hi ophene and_ pol yaniline were used in place of polypyrrole
for the scleniragedyt P@PP%e@a@@iﬁléceﬁ/\énsﬁﬁﬁlE%O%'\E'f?%f%@é%ldThe’ge are
sanpl es of Exanples 2(6) and 2(7), each being a single layer solid

el ectrol ytyaltegeacift 8P ¥ ¥asnapplias detiwgena P—eénv\%? dnerhely] @adedheo t he

measurenents the sane as those described above, and the results are shown
in Tabl e IlcoyntegviedentrpAentFawhediize \whieh apofpt ineobernehanrebypadl yani l i ne,
characteristics simlar to those with polypyrrole can be obtained. Lastly,
for furthetieglepadicsoxidewfitmmpaesformed onhéhepanode anembegachThen ng an
anode nenber having a pellet structure were nmade. Firstly, a sanple of
Prior art dolygsyrrdleCla@ers h8¢ing 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 liquid 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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<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 foils having purities of not lower than 99 wt$
according to the present invention and a group of those with
valve metal foils 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, T1 designates a plotted curve with
respect to Prior art 5 and 9, and Example 1(3) and 1(7). 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 do not have roughened surfaces.

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 thevstandard 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 resulfant 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(1l) 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‘wt%, 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(1) 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 aqueous
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 film, 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 layér 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 valve
metal foil 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 1ow, 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. Various alterations and modifications will no doubt
become apparent to fhose skilled in the art to which the
present invention pertains, after having read the above
disclosure. Accordingly, it is intended that the appended
claims be interpreted as covering all alterations and
modifications as fall within the true spirit and scope of the

invention.
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foil to be less than 1 w% the dielectric oxide film formed by anodic
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further can have higher capacitances with smaller sizes by using high CvV
val ve netal powders. Although the present invention has been described in
terms of the presently preferred enbodinents, it is to be understood that
such disclosure is not to be interpreted as |limting. Various alterations
and nodifications will no doubt becone apparent to those skilled in the art
to which the resent invention pertains, after having read the above
di scl osur €L rdingly, it is intended that the appended clainms be
interpreted as covering all alterations and nodifications as fall within
the true spirit andlscdpe aPdenhBempaycfRy ¢h.saligEelestrolgbier Al Ms 1. An
anode nenber for a solid electrolytic _capacitor, conprising: an anode body

made of a GanaAdtest,acComPEipingyi Ay iR bodYomafdst of ea svalvgn medadt o9 and an
anode
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 electrolytic
capacitor according to claim 1, wherein said valve metal foil
comprises tantalum or niobjium, 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 1aYer 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 film.

5. A solid electrolytic capacitor according to claim

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



| ayer made of a sintered body of a valve netal powder, said anode |ayer
being formed on said anode body. 2. An anode nenber for a solid electrolytic
capacitor according to claimi1, wherein said anode body has a rdubffe}{8d
surface thereon. 3. An anode nmenber for a solid electrolytic capacitor
according to claim1, wherein said valve netal foil conprises tantalum or
ni obi um and said valve netal powder conprises tantalum or niobium each
having a purity of not less than 99 wt¥~ 4. A solid electrolytic capacitor
conprising an anode body nade of a valve nmetal foil having a purity of not
| ess than 99 wt % an anode | ayer nade of a sintered body of a valve netal
powder, a solid electrolyte |ayer, and a cathode |ayer which are
sequentially stacked, said anode body and said anode |ayer having a
dielectric oxide film 5. A solid electrolytic capacitor according to claim
"4, wherein said anode body has a roughened surface thereon. 5 DEC 2005 -37
6. Asolid electrolytic capacitor according to claim 4, wherein said valve
metal foil conprise®-tamtPhid GleFtEpLYRIC ARPGHAT ReceEAkRY afo polRie
conprises tantalumor niobium each having a purity of not less than 99 wt %
7. A sol i & elvarein i5alid apdoe: Betat cbedl nepnrriges mantaliepti Ricbiwnsol i d
el ectrolyte |layer conprises an electrically conductive polynmer material. 8.
A solid elaed reaid iv@lyg Meitedr PEVARY | GIBRFigest fartadpmger | Righiumo sol id
el ectrolytic capacitor elenents stacked on each other, each of said solid
el ectrol ytéeckh dmicinora pirdivgnef rohpkess ridaan 98nvwéé- body nmade of a val ve
netal foil having a purity of not less than 99 wt % an anode | ayer nade of
a sintered body of &.ahveokid fllesdmedytia capacitart @éscosding tayelaimnd a
cat hode | ayer that are sequentially

4, wherein said so0lid electrolyte layer comprises an

electrically conductive polymer material.

8. A solid electrolytic capacitor comprising a stack
of at least two solid electrolytic capacitor elements stacked
on each other, each of said solid electrolytic capacitor
elements 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 that are sequentially
stacked, said anode body and said anode layer having a
dielectric oxide film.

9. A method of making an anode member for a solid
electrolytic capacitor, comprising a step of preparing an
anode body made of a valve metal foil having a purity of not
less than 99 wt%, a step of providing a roughened surface on
said anode body by using an etching treatment or a blasting

treatment, and a step of forming an anode layer made of a



stacked, said anode body and said anode | ayer having a dielectric oxide
film 9. A nethod of making an anode nenber for a solid electrolytic
capacitor, conprising a step of preparing an anode body made of g vzéxe
metal foil having a purity of not I|ess than 99 W% a step of p5 b o g a
roughened surface on said anode body by using an etching treatnent or a
blasting treatnent, and a step of form ng an anode | ayer nade of a 5 DEC
2005 -38 sintered body of a valve netal 3Sowder.

sintered body of a valve metal powder.



