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Indicates a valve-action metal porous body, numeral 6 a dielectric oxide

coating, numeral 7 a solid electrolyte layer, numeral 8 a carbon layer,

numeral 9 a silver (Ag) paste layer, numeral 10 an anode leading-out
terminal, and numeral 11 a cathode leading-out terminal. Initially, the
20  dielectric oxide coating 6 is formed on a surface of the valve-action metal
porous body 5 such as aluminum with a roughened surface, powder-sintered
tantalum, or the like. Next, an electroconductive polymer such as
polypyrrole, manganese dioxide, or the like is formed on the surface of the
dielectric oxide coating 6 as the solid electrolyte layer 7. Subsequently, a
25  cathode layer including the carbon layer 8, the silver paste layer 9, and the
like is formed on the solid electrolyte layer 7. Thus, a capacitor element is
produced. Afterward, the anode leading-out terminal 10 is attached to an
anode lead part by welding or the like and the cathode leading-out terminal
11 is attached to the cathode layer with a conductive adhesive. Finally, a
30 package (not shown in the figure) is formed to cover the whole capacitor
element except for parts of the anode and cathode leading-out terminals.
Thus, a solid electrolytic capacitor is obtained. The package serves for
maintaining airtightness from the outside. Generally, the package is a tip
type package formed with a mold using an epoxy-based thermosetting resin
35 containing a silicon oxide filler or the like, or a lead wire type package
formed by dipping. With this configuration, in order to obtain a lower
equivalent series resistance (ESR), it is necessary to increase the
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Since a binder resin is contained in the electroconductive polymer

20 layer of a conventional solid electrolytic capacitor, there has been a problem
in that the resistance of the electroconductive polymer increases. On the
other hand, when the binder resin is omitted to reduce the resistance, the
electroconductive polymer layer is peeled off easily. In addition, even when
the binder resin is present, the electroconductive polymer may be peeled off

25 partially from a polymerized body during a drying step.

When a solid electrolytic capacitor is formed using a metal foil for a
cathode body with an anode body and the cathode body connected directly
with each other through an electroconductive polymer formed on the anode
body, it 1s necessary to apply a sufficiently high pressure to secure sufficient

30 adhesion of the electroconductive polymer so as to increase the connection
area. Even when a pressure of 100 kgficm® is applied, an ESR of 10 mQ or
lower cannot be obtained (for an element effective area of 8 X 5 mm?. In
this case, when the pressure to be applied is low, the area where the metal
foil as the cathode body and the electroconductive polymer are in contact

35  with each other also is reduced and thus the contact resistance tends to
increase.

Hence, in order to increase the contact area to lower the ESR, the
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sof tener faafielectric oxide coating layer formed on its furface; a cathode body; an
electroconductive polymer layer disposed between the anode body and the cathode
- body, wherein the electroconductive polymer layer contains a softener for
softening the electroconductive polymer layer, and the softener has a melting point
not exceeding 30°C and a boiling point of at least 200°C, under a normal
atmospheric pressure. '

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart showing a schematic method of manufacturing a
solid electrolytic capacitor according to an example of the present invention.

FIG. 2 is a schematic sectional view showing a configuration ofa
capacitor element part of a solid electrolytic capacitor according to an
embodiment of the present invention.

FIG. 3 is a graph showing the relationship between equivalent series
resistance (ESR) and a pressure applied to an anode-cathode connection portion
in a capacitor element for evaluation according to an example of the present
invention.

FIGs. 4A and 4B are graphs showing examples of frequency
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cathode body are brought easily into contact by their surfaces with each

other due to the softening of the electroconductive polymer. Accordingly, the
electroconductive polymer can be prevented from being peeled off.

In the present invention, preferably, the softener has a melting

20 point not exceeding 30°C and a boiling point of at least 200°C, further
preferably at least 240°C, under a normal atmospheric pressure. The
softener is, for example, at least one selected from polyhydric alcohols, fatty
alcohols, aromatic alcohols, phenols, and ethers. More specifically, it is
preferable that the softener is at least one selected from glycerin (with a

25  boiling point of 290.5°C), diethylene glycol (with a boiling point of 245.8°C),
2-anilinoethanol, m-methoxyphenol, and ethylene glycol monobenzyl ether.

Preferably, the softener is blended in a ratio of 5.0 wt.% in the
electroconductive polymer layer.

In the present invention, it is preferable that the electroconductive

30 polymer layer contains no binder resin.

In the method of the present invention, preferably, the low-boiling-
point solvent has a boiling point not exceeding 150°C under normal
atmospheric pressure. Preferably, the low-boiling-point solvent is at least
one selected from methyl alcohol, ethanol, isopropyl alcohol, acetone, toluene,

36 and xylene. It also is preferable that the low-boiling-point solvent has a
drying temperature not exceeding 150°C under normal atmospheric pressure.
Preferably, the softener has a boiling point of at least 200°C under the
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In the solid electrolytic capacitor of the present invention,

20 preferably, an electroconductive polymer contains no binder resin, so that the
resistance of the electroconductive polymer itself and the interface resistance
decrease and thus the ESR of the capacitor decreases.

In the solid electrolytic capacitor of the present invention, the
cathode body may be formed of a carbon layer or a silver paste layer, or may

25  be formed of a metal foil.

The solid electrolytic capacitor and the method of manufacturing a
solid electrolytic capacitor according to the present invention allow a solid
electrolytic capacitor with a lower ESR and an excellent high frequency
property to be obtained.

30 Embodiments of the present invention are described in detail as
follows.

In a solid electrolytic capacitor of the present invention, an anode is
formed of a valve-action metal. Preferably, aluminum, tantalum, or
niobium is used as the valve-action metal. The valve-action metal is a

35 porous body having a number of minute holes or pores leading to the
exterior.

When being made of, for example, aluminum, the anode is a porous



formation. Therefore, it is desirable to carry out a step of inpregnating
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i nvention, the softener nay be any nmaterials as long as they soften the
pol ymer |ayer through the inpregnation qf the polyner layer with them but
typically, it is preferable that the softener is glycerin. In the solid
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used for solid electrolytic capacitors. '
. -In the solid electrolytic capacitor of the present invention, a cathode
body is used for collecting electric charges extracted by the solid electrolyte
20 layer. When a metal foil is used for the cathode body as an example, a Ni
foil or an aluminum foil with carbon implanted in its surface is used with an
electroconductive polymer formed on its surface by electrolytic
polymerization or is used without requiring any further processing.
An electroconductive polymer layer is formed on the anode body and
25  the anode body is connected to the cathode body with the electroconductive
polymer layer interposed therebetween. Thus, a capacitor element for
evaluation is configured. In this state, its characteristics as a capacitor can
be evaluated with an impedance analyzer.
Using a metal foil for the cathode body, an arbitrary number of
30 anode bodies with electroconductive polymer layers formed thereon and
cathode bodies are laminated alternately under pressure to be connected
with one another. Portions of the respective anode bodies where the
electroconductive polymer layers are not formed are joined to each other by
welding or the like. Portions of the cathode bodies that are not in contact
35 with the anode bodies are joined to each other by welding or the like. A
package is formed by molding using thermosetting resin such as epoxy so as
not to contain parts of the ancde body and the cathode body. Thus, a solid



surface of the valve-action nmetal porous body as an anode by anodic
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anode bodies are jol ne t o eac A package is
formed by moF# Oﬁﬂl%atl%?rn%%&cﬁ?ﬁ@ OP tl@bd ¢ so as not to
‘cont ai n part sleafrothielurtiod olyachy zalﬁﬂnétbﬁectaﬁélMﬁnebsb&yneﬂm&theaeﬁ)ﬁé isd 4

Sept enber 20Q3¢ ﬁ(l:qu& of! ! y’&‘hﬁs qlpe%ects of péeﬁn%tf)trg‘élé}ﬁflon can be obtained in
addition to the softening.

20 ‘ In this case, it is desirable that the softener used for softening the
electroconductive polymer has a boiling point of at least 200°C. For
example, when transfer molding or dip inolding with resin is employed for
the package formation, a heating process at 150°C to 200°C is carried out in a
step of curing the resin. It is necessary for the softener not to be boiled off

25 during such a step. Hence, when such a process is carried out, it is
desirable that the softener has a boiling point of at least 200°C.

Furthermore, when the solid electrolytic capacitor of the present
Invention is mounted on a board by soldering or the like, the solid electrolytic
capacitor is heat-treated at about 240°C to 260°C. When any material that

30 is gasified quickly in such a step is added to and is contained in the solid
electrolytic capacitor, the air pressure inside the capacitor increases.
Particularly, when the transfer molding or dip molding with resin is
employed for the package formation, cracks may occur in the package so that
the gas pressure is released. Consequently, it is desirable that the softener

35  to be contained in the solid electrolytic capacitor has a boiling point of at
least 260°C.

FIG. 1 shows an embodiment of a method of manufacturing the solid



In the present invention, the el ectroconductive polynmer |ayers disposed
bet ween anode bodi es and cathode bodies in the solid electrolytic

capacitor are inpregnated with a softener to be soft ened4 Sprtendfes2803 an 5
el ectroconductive polyner |layer |ocated in a connection portion between an
anode body and a cat hode body becones sqft. Accordingly, the contact area
bet ween t he anode and cat hode bodi es can be increased under a | ower
pressure in connecting the anode body and the cathode body and thus contact
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by heating. For peeling preventlon it is necessary to carry out the
softening step before the electroconductive polymer is dried (before the
drying step) directly after the electroconductive polymer is formed and is
washed with pure water in the washing step. This allows the
electroconductive polymer layer to be impregnated with the softener
efficiently to be softened. In addition, in joining the anode and cathode
bodies to each other with the electroconductive polymer layer interposed
therebetween, the contact area between them can be increased under a lower
pressure and this facilitates the step of forming the package. Since the
electroconductive polymer layer can be prevented from being peeled off, the
variations in characteristics of the solid electrolytic capacitor caused by the
peeling off also can be avoided. As the method of softening the
electroconductive polymer with a softener, the following methods also can be
used: for example, a method in which vapor of a softener is produced and the
electroconductive polymer portion is exposed to the vapor atmosphere, and a
method in which a softener is dissolved in a solution for forming an
electroconductive polymer.

In the step of forming an electroconductive polymer, the
electroconductive polymer is formed by electrolytic polymerization with an



35 to be contained in the solid electrolytic capacitor has a boiling point

of at least 260C. FIG 1 shows an enbodi nent of a nmethod of manufacturing

the solid 4 September 2003 8 electrolytic capacitor accordtapienileer2983

. present invention described above. Initially, an Al foil is etched
electrolytically in an acid solution or a powder sintered body is forned

with Ta powder as the step of form ng the anode body described above.

Next, a step of forming a dielectric oxide 5 coating by anodic oxidation S
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-dryi ng step) |rect ter the e ec polymer is fornmed and is
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25 bodies to eac er wt ectrocon I've po ayer i nt er posed
t her ebet ween eX¢m@leSont act area between them can be increased under a | ower
pressure andﬂmmm litates the step of form ng the package. Since the

el ectroconductive pylyaeh.laYeka Gk, BiuRiaVE WaShsld 26 REIA%L RES §&9Tf. the
for an anode, an aluminum foil with carbon implanted in its surface as a
20 cathode metal foil, and polythiophene as an electroconductive polymer.

Both surfaces of a part (3 mm X 3.5 mm) of a roughened surface of
the aluminmium foil except for a lead part were anodized at a formation
voltage of 8V, so that a dielectric oxide coating layer was formed. Afterward,
a solid electrolyte pre-coat layer was formed with polythiophene on the whole

25  surface of the dielectric oxide coating layer, including the surfaces inside
pores, by chemical polymerization through immersion in a solution
containing a thiophene monomer and a dopant and immersion in an
oxidizing solution. Furthermore, polythiophene was formed on the pre-coat

, layer by electrolytic polymerization and thus a solid electrolyte layer was

30 formed. Next, a part (3 X 5 mm®) of the aluminum foil with the surface (3 x
10 mm?®) including carbon implanted therein was used as a lead part, and
electroconductive polymer polythiophene was formed on the aluminum foil
surface (3 X 5 mm?) except for the lead part by electrolytic polymerization, so
that a cathode was formed. The electrolyte used in this case contained

35 binder resin.

The polythiophene formed on the dielectric oxide coating layer and
on the aluminum foil surface with carbon implanted therein was softened



variations in characteristics of the solid electrolytic capacitor caused by
the 30 peeling off also can be avoided. As the nethod of softening the

el ectroconductive polymer with a softener, the foll ow ng4mepiReraled can
be wused. for exanple, a nethod in which vapor of a softener is produced

and the el ectroconductive pol yner port#on I s exposed to the vapor
at nosphere, and a nethod in which a so Tener is dissolved in a solution
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Polythiophene was formed by electrolytic polymerization on a
- dielectric oxide coating layer and on an aluminum foil surface with carbon
implanted therein. In this example, for the formation of the polythiophene,

20 an electrolyte containing no binder resin was used in the electrolytic
polymerization and in addition, an electroconductive polymer was not
softened with glycerin. Thus, a capacitor element for evaluation like the
one in Example 1 was produced. The evaluation results are described later.

.

25 A capacitor element for evaluation was obtained by the same
method as in Example 1 except that the polythiophene formed on the
dielectric oxide coating layer and on the aluminum foil surface with carbon
implanted therein by electrolytic polymerization was formed using an
electrolyte containing no binder resin in the electrolytic polymerization, and

30 the polythiophene thus formed was softened with glycerin. As the
impregnation process, the same process as in Example 1 was carried out.
The evaluation results are described later.

Comparative Example 1
A conventional capacitor element was obtained by the same method

35 asin Example 1 without using the glycerin as the softener. The evaluation

results are described later.



voltage of 8V, so that a dielectric oxide coating | ayer was forned.
Afterward, a solid electrolyte pre-coat |ayer was fornmed with

pol yt hi ophene on the whol e 25 surface of the dielectric @éx3eptenkas20fy

| ayer, including the surfaces inside pores, by chem cal polynerization

through i mMmersion in a solution contai@1ng a t hi ophene nononmer and a
dopant and imersion in an oxidizing solution. Furthernore, polythiophene
was formed on the pre-coat |ayer by electrolytic polynerization and thus a

solid el ec”gx&lﬁﬁ.{gﬁ’%&iﬁs 30 formed. Next, a part (3 x 5 m2) of the
calumnum foil” wt face (3 X 1Q nmm®2} inclyding carbon inplanted
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formed. The electro I'n thi's casé contal ne I Ader resin. The
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al um num f oi kaslutdeftorbleheadbbaRutingl.ant ed therein was softened 4
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are descri be€omgtagative Examplec1.2
In other words, as compared to the case of Comparative Example 1,
Example 1 shows an effect of lowering the ESR by an addition of glycerin and
20 furthermore, Examples 2 and 3 show an effect of lowering the ESR by using
an electrolyte free from the binder resin. '
In the capacitor elements for evaluation of Example 2 and
Comparative Example 1, partial peeling off of polythiophene was observed.
However, no peeling off was observed in the solid electrolytic capacitors
25 according to Examples 1 and 3 including polythiophene softened with
glycerin. FIGs. 4A and 4B show frequency characteristics with fespect to
impedance and capacitance of the capacitor element for evaluation according
to example 3 under a pressure of about 100kgf/em? under which the lowest
ESR was obtained, respectively. Similarly from FIGs. 4A and 4B, it can be
30 seen that the capacitor element according to Example 3 has a very low
impedance and is excellent in high frequency property.
As is apparent from the experimental results described above, it was
confirmed that as in Example 3, a solid electrolytic capacitor with a very low
ESR and an excellent high frequency property in which the electroconductive
35  polymer was not peeled off from electrode foils was obtained through the
combination of the characteristics of Examples 1 and 2, i.e. the combination
of the softening with glycerin and the use of an electrolyte free from the



Pol yt hi ophene was fornmed by el ectrolytic polynerization on a dielectric
oxi de coating |layer and on an alum numfoil surface with carbon inplanted
therein. In this exanple, for the formation of the pol ytﬁi&ﬁﬁ?ﬁ@ﬂf&rzg&an

el ectrolyte containing no binder resin was used in the electrolytic

pol ynmeri zation and in addition, an el ect{goconductive polyner was not
softened with glycerin. Thus, a capacitor elenent for evaluation |like the
one in Exanple 1 was produced. The evaluation results are described later.
exanmple 3 25 &*eqq?&ln; or elenent for evaluation was obtained by the sane
method as in anple 1 except.that the polythiophene fornmed on {he
dielectric oxide cdtqesgribedahovantheqiressnt inysntonranRyoride dorercellsfi® h car bon
i npl ant ed t heokd BlebiroBitRGhpadittrilavirgt y very loatESR andsatdngedrushall an

el ectrol yte dal ni i N j t P L i zation,
and 30 the RarpPRRsIPESR dhiflab Al Adokdify € AR LRl o BNTTRL 250 L 2
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The ev?! gat: Qanrb@&gdtw@dalr@h@la?@«d-ﬁ@dtgbﬁécféxanbma@ﬁ@aé ﬂé@ri&?ﬁmdgetﬂeSA _
conventi onal _¢capaci tor,. nent ,.was_obt ain he. sape. as in
Eeanpl e 1 vi AT S pREFRh R AALE TRAnSor R IR 0 R

resul ts are depbed bed tauiabim saliGelscrnlydic capadtord Eval uati on Results Each

ESR of the capaci t ofy@h&mRib SpdlPthiGtRneadsOkeaGE ARl bAE tRctrEyeeRIi @2 1 to 3
and Conparative E‘;q%‘gpée 1 was, neasur %d tb% .a Heasur i F%&i instr %rrent be
| NPEDANCES]  (XARIPIAASHORRAE PReiid gHct 45 14 Preseht eteplovalis sand
Hewl et t - Pack abtdined uhingrm@h@mimmwmhuqtb{emoaﬂmbm. each capacitor element
pressurized. FI G 3yghove: hASIMRARHL $AERItH £8Wh& indR@ide¥arysh ues shown in
‘FIG 3 were rreai‘ur eg t 400 kHz.. Th ESI%H%T t he1 g{ﬁlo.actb]te[%':b el emsgi% ‘f%/tgr
eval uation adP@RRtRY theyelBRaAp reedias igcathpdesaeig! iy BEGHEREPISE 10
pol yner | ayerexsoiplesnefHomievbr, ghy sané effest dsdwehe phesent tretmples ke congwci t or
el ement fRr eyalilad uomeatha Hifg fdifs. Conparative Exanple 1. Particularly,
| The invention may be embodied in other forms without departing
from the spirit or essential characteristics thereof. The embodiments
disclosed in this application are to be considered in all respects as illustrative
and not limiting. The scope of the invention is indicated by the appended
20  claims rather than by the foregoing description, and all changes which come
within the meaning and range of equivalency of the claims are intended to be
embraced therein. '



this tendency is found clearly in the | ow applied pressure range. In
addition, the capacitor elenents for evaluation according to Exanples 2
and 3 including polythiophene fornmed using the el ectrol§ pt?mhea%?ng no
bi nder 15 resin by electrolytic polynerization have a significantly |ower
ESR than those of the capacitor elenents for evaluation according to
Exanple 1 and Conparative Exanple 1. 1 other words, as conpared to the
case of Conparative Exanple 1, Exanple 1 shows an effect of |owering the
ESR by an addition of glycerin and 20 furthernore, Exanples 2 and 3 show
an effect of lowering the ESR by using an electrolyte free fromthe binder
resin. | n@reM3pacitor el ements for eval uation of Exanple 2 and
Conparative Exanple 1, partial peeling off of polythi ophene was observed.
However, no peeling off was observed in the solid electrolytic capacitors
25 accordilng t &\ sluhgiearolytiaeapagiton comgtisiggpol yt hi ophene softened with

glycerin. FIGs. 4A sha reguency. characteristi,cs .w th, respect to
Predance and. 2adaefy BedtrEmetor b SANEORISR I ANAR SR ESpH bt SRRRE cor i ng
to exanpl ¢éaydr eledd oh iy «sfieee of about 100kgf/cn under which the | owest

ESR was obt ai ned, res%ecti vely. Simlarly fromFIGs. 4A and 4B, it can be
30 seen that tRCath9IadPdsr el ement according to Exanple 3 has a very | ow

pedance. and o GGRchAflcivE fidflel 158 ANGYsE BRSIEY héinbde BBRPGRAT TTOM

the experinental results descri was confirne as in
Exanpl e 3thacalddedboalyectrol ytic capacitor with a very low ESR and an

excel l ent high frequency property i,n which the el ectrqconductjve 35 pol yner
s ot peel od YBiEFeIRy DR RGO GRS I BORAST ofar neRIEAIRF chgtpiafer Tor

conbi nat i Qpf&fing e Sbaraohendtill fotyRtr BY&TRhE ShelsFMeris HleRiedtil ratio

conbi nation of "the softening wi'th glycérin and the use of an electrolyte
free fromofAd wt.Sem éwtﬁéfrCt@@O@dlszbipné@merrle}eﬁrn. As described above, the
present invention can provide an excellent solid electrolytic capacitor

having a very | ow ESR and causing very small wvariations in ESR anong

sanpl es. Accor dimgolid albmrqlytés emacitoy eetdrding tohdais Jr edwwie thppbitedrt o t he
connecti o, PR iR B4k A8 SR8edifL 185 E Ma Y o iRE SERL St at least 200°C, under

a normal atmospheric pressure.

3. The solid electrolytic capacitor according to claim 1 or 2, wherein the
softener has a boiling point of at least 240°C under the normal atmospheric

pressure.

4. The solid electrolytic capacitor according to claim 1, 2 or 3, wherein the
softener is at least one selected from polyhydric alcohols, fatty alcohols, aromatic

alcohols, phenols, and ethers.

5. The solid electrolytic capacitor according to any one of the preceding claims,
wherein the softener is at least one selected from glycerin, diethylene glycol, 2-

anilinoethanol, m-methoxyphenol, and ethylene glycol monobenzyl ether.

6. The solid electrolytic capacitor according to any one of the preceding claims,

wherein the electroconductive polymer layer contains no binder resin.



can be reduced. The above-nenti oned exanpl es were described with the
alum numsolid electrolytic capacitor, but the present invention also can
be applied to a tantalumsolid electrolytic capacitor. foepifsiaea0s

pol yt hi ophene was used as the solid electrolyte in the 10 exanples.
However, the sane effect as in the prekent exanples al so can be obtained
usi ng ot her el ectroconductive polyners. Mreover, an alumnumfoil with a
surface including carbon inplanted therein was used as the cathode netal
foil in the above-nentioned exanples. However, the sane effect as in the

present exanpl es al can be 15. obtai ned. using other netal foils. The
i nvent i on)ﬁanay. S‘ﬂﬁﬁ%ﬁﬁ’t&gy&%C?ﬁaﬁg?f’FBWSWgt hout departing fromthe spirit

or essenti al charac%egi%a'tqcs th reoi. The enbotji qEntqs disclosed in this
application ar @@90BRLebhameH &f 2 valverictiogdpelat withe fipleeigic, e eoatiggy not
limting. The scope of the invention is indicated by the appended 20 cl ai ns
rat her t hagresyounsas groitespsfasg: descri ption, and all changes which cone

wi t hin the neaning and range of equivalency of the clains are intended to

be enbraced thaeatiode bédFept enber 2003 13 CLAIMS: 1. A solid electrolytic
capacitor, conprising: an anode body formed of a valve-action netal with a

diel ectric oxida éeatdcofdudiB¥asoli@erbdeP MidpoSed BERRLSR the apadd @dey hady; an
el ectroconductive polymer |ayer disposed between the anode body and the

cat hode b H@g i t‘,b‘% r j r Y : i

sof t ener orcatso tgél?l(?yﬁg t @hgﬁég&g@@%ﬁgfd&iﬁ@Bi&: yr%% élcg)gltearqf;?@%%ﬁ?%%
softener i.s_blended.., n .a rati of 5.0 wt.. %in e elgectroconduct. ve

ol ymor 1 oot e Bet Gonucifie Byrmit dansh fod e, il R Rt Biint 1
wherein the softener _has a nelting, point not exceedi ng%BOC and a baqiling
poi nt of Xeitgutiexsersiing JRderandaa beimg peinhet shdsast 28P dasunder anorppad sof i d
el ectrolytic capacitor according to claim1 or 2, wherein the

atmospheric pressure.
8. The solid electrolytic capacitor according to claim 7, wherein the softener is

blended in a ratio of 5.0 wt. % in the electroconductive polymer layer.

9. The solid electrolytic capacitor according to claim 7 or 8, wherein the
softener has a boiling point of at least 240°C under the normal atmospheric

pressure.

10.  The solid electrolytic capacitor according to claim 7, 8 or 9 wherein the
softener is at least one selected from polyhydric alcohols, fatty alcohols, aromatic

alcohols, phenols, and ethers.

11.  The solid electrolytic capacitor according to any one of claims 7 to 10,
wherein the softener is at least one selected from glycerin, diethylene glycol, 2-

anilinoethanol, m-methoxyphenol, and ethylene glycol monobenzyl ether.



softener has a boiling point of at |east 240C under the normal atnospheric
pressure. 4. The solid electrolytic capacitor according to claiml1, 2 or 3,
wherein the softener is at |east one selected from pol yfhypgpiembgr ebdl s,
fatty al cohols, aromatic al cohols, phenols, and ethers. 5. The solid

el ectrolytic capacitor according to anld one of the preceding claimns,
wherein the softener is at | east one selected fromglycerin, diethylene

gl ycol, 2- anilinoethanol, m methoxyphenol, and ethyl ene gl ycol nonobenzyl
ether. 6. The solid electrolytic capacitor according to any one of the
precedi ng 18} ai e saldeelgtinolytie aapaeitarcassatiling it enyobyaref daiyer7 dgonklai ns no
bi nder resin. 4 Septenber 2003 14 7. A solid electrolytic capacitor,

conpri si ngvheagin alnoelectbardyrdhctivegsblphenlayed sopr4ind hobindet sdsini th a diel ectric
oxi de coating layer fornmed on its surface; a cathode body; an

el ectroconductive polynmer |ayer disposed between the anode body and the
cat hode body, wherein the el ectroconductive polyner |ayer contains a
softener for softening the el ectroconductive polyner |ayer, and the
softener has a nelting point not exceeding 30C and a boiling point of at

| east 200C, under a nornmal atnospheric pressure. 8. The solid electrolytic
capacitor according to claim7, wherein the softener is blended in a ratio
of 5.0 wt. % in the el ectroconductive polyner layer. 9. The solid

el ectrolytic capacitor according to claim7 or 8 wherein the softener has
a boiling point of at |east 240C under the normal atnospheric pressure.

10. The solid electrolytic capacitor according to claim7, 8 or 9 wherein
the softener is at |east one selected from pol yhydric al cohols, fatty

al cohols, aromatic al cohols, phenols, and ethers. 11. The solid

el ectrol ytic capacitor according to any one of clains 7 to 10, wherein the
softener is at |east one selected fromglycerin, diethylene glycol, 2-

ani | i noet hanol , m et hoxyphenol, and et hyl ene gl ycol nonobenzyl ether. 4
Sept enber 2003 ‘




e —

15 12. The solid electrolytic capacitor according to any one of clains 7 to
11, wherein the el ectroconductive polyner |ayer contains ”%qg nder. rgsi n.
SOLI D ELECTROLYTI C CAPACI TOR AND NMETHOD OF MANUFACTURI Né& RNEORBSTRACT
- There is provided a solid electrolytic capacitor including an anode body
formed of a valve-action nmetal with a dimel ectric oxide coating | ayer forned
on its surface, a cat ho%gIé od and an el ectroconductive polynmer |ayer

di sposed between the an B I EGHRPINE ¢ SARRSE BRI PNDThe

el ect roconducti ve pol yn#FTHOD L£F MANURARTURISNT (Ti¥eSAMBr sof t eni ng t he

el ectroconductive pol ynmer |ayer, s%%&isol id electrolytic capacitor is
provi ded that has spmall variations T cteristics, a_|ower equivalent
series resistance (EBRE isprevided agelid plephrolytigisapaaitondndyding e In

addi tion, whesodytfermadelfn adde catib® dtolf with sQlibMclehidObokting 15mRaci t or

i ncl udi I | yreer. lid electrol | oi ned t
cach ot har®  A0pEEA PREANMNERS HcdbRodlTiay il ok ottt dipmet Bk e
el ect r oconductipresep beimeen thepaode hediband theeathed: hadym Bbeng peel ed of f.

Fig. 1 electroconductive polymer layer contains a softener for softening the

electroconductive polymer layer, so that a solid electrolytic capacitor is
provided that has small variations in characteristics, a lower equivalent
10  series resistance (ESR), and an excellent high frequency property. In
addition, when the anode and cathode of a solid electrolytic capacitor
including an electroconductive polymer as a solid electrolyte are joined to
each other, a lower ESR can be obtained under a lower pressure, and the

,
PR

electroconductive polymer layer can be prevented from being peeled off.

Fig. 1



