6 April 2004 .1 Solid electrolytic capacitors and nethod for manufacturing
the same FIELD OF THE | NVENTI ON The present invention relatﬁg tQ S%|id

el ectrolytic capacitors using solid electrolyte and. a neth fril 5004

manuf acturi ng the sane. BACKGROUND OF THE | NVENTI ON Due to the remarkabl e
devel opnment of digital equipnment in recent years, there is a strong denmand
for capacitors having high frequencyjscharacteristics, which are of |ow

i npedance even in a high frequency range. As capacitors available to neet
such demand of the nmarket, capacitors using solid electrolyte |ayers "such

as manganese di oxi de, pyJ rol e or. pol ythi gphene are known. Fig. '3 is a
sectional view showi nagﬁé %/jé%ﬁlfogwrtdﬂ G%PEFiEOrEoﬂGQnt i onal solid

el ectrol ytic capacit asetHdd Hiog m3dnuBac€ueif§tfh& ande film 33 -forned by a
positive el ectrode oxidation nethod is disposed on the surface of a
positive electrode body 32. The positive el ectrode body 32 is enclosed in

t he di el eaELDCOBPXTTAR THvEN®Bony The positive el ectrode body 32 is nade by
sintering val ve netal such as alum numand titanium into porous netal.
Positive el eCPPodRFasent wireention sedmsesedto t sollid pesettwveletet r ode

body 32, capdcatBast QLithe [tiv : ode lead wire 31 is outwardly
|l ed fromthe surface of heggﬂd%elg%?%%oc%&ﬁede q:nﬁfm%&mepééqﬂ i % ect rol yte
| ayer 34™epufagsunimgathse seme.pol ypyrrol e i-s di sposed on the surface of

fhe positive electrode 6 April 2004 :

~  BACKGROUND OF THE INVENTION

' Due to the remarkable development of digital equipmenf in
recent years, there is a strong demand for caﬁaéitors having
high frequency characteristics, which are of low impedance even

" in a high freguency range. As capacitors available to meet such
demand of tpe market, capacitors using solid eleéctrolyte layers
such as manganese dioxide, polypyrrole or polythiophene are
known,

Fig. 3 is a sectional view showing the .c_onfigﬁration of a

. conventional solid elecfrolytic capacitor. In Fig. 3, a
dielectric oxide film 33 -formed by a positive  electrode
oxidation method is disposed on the surface of a positive
electrode body 32. The positive electrode body 32 is enclosed
iz; the dielectric oxiﬁe fiilm 33. | The positive el‘ectrbde body
32, is made by sintering valve metal such as aluminum and titanium
irito porous metal. Positive electrode leadwire 31 is connected
to the positive electrode body 32, and a part of the positive
electrode lead wire 31 is outwardly led from the surface of the .
dielectric oxide film 33,

A solid electrolyte layer 34 such as manganese or

" polypyrrole is disposed on the surface of the positive electrode



2 body 32 having the dielectric oxide film33, and a negative electrode

| ayer 35 conprising a carbon | ayer and a conductor |ayer is giﬁﬁﬁﬁﬁd on
the solid electrolyte layer 34. A capacitor elenent. 36 is % op I'n this
way. A positive electrode termnal 37 is connected to the positive
electrode lead. wire 31 of .a capacitor elenent 36. A negative el ectrode
term nal .39 is connected to the negativwe electrode |ayer 35 via conductive
adhesive 38. Facing resin 40 being electrically insulative is disposed so

as to covegyghe J1ornel grent 36.  The positive el ectrode termnal 37
and the neg%t?v?éfei ectl{lBng% t%éLP%eﬁgFlggoﬁ?ggpgﬁT atdy B EsBEIREI e
outsi de. Thtesbrode bhpet r3d yonpraapag &falttforc QakegUsRE d RohBLSLtYRY. - IN
such conveftionaL sal.id el ctrol¥tic capacitor, the solid electrolyte

| ayer 34 is°eXtr el VISR n FestRei Pty elegidoilythadayesn Hol e 40 reduce

the equi vatapachest eslemsist s6ces (Fiianaft etncal Led. ESR C?%i‘?i@éi stic)
of the sol ig el ect r%i c caﬁa_ci tor. However, in a conventional solid
el ectrol ytFt® dalpdhtisfopngisded, tonthapeostiidvexiedecofode ansi ti on

T e romead wianese baxhderof’s Baldk $620!d doyet iy 2edh gortains
conducti ve pol ynmer conprising heterocyclic conpound such as™ poly ?rrole,
and in caskEeEERbhG? Layeonnestesd fedthe ndgatiolel @¢leelteotieol Yagekay®er 34 by

Use of 20ueouscRBlit D dahebydlith caLRAlacNALC) £3.20d Soagul allo

n
stabilizer, it will sonetines cause .genération o 3lfayers or

thin fil m-%%?‘ﬂl%‘?@%é@aiﬁwos{eldesetﬂsf toedwnstbe cfpaicieoCaleauemtsd Ution is
2P pon ay RS, Lo RSB SRpNET  E h ATLAL 2 c
_ ' terminal 39 are partially exposed to the outside. The solid
electrolytic capécitor is configured in this way..
In such conventional solid electrolytic capacitor, the
s0l1id electrolyte layer 34 is extremely low in resistibility,

' and it has been able to reduce the equivalent sefies resistance
(hereinafter called ESR characteristic) . of the solid
electrolytiq capacitor. |
' However, in a conventional solid electrolytic capacitor as
mentioned above, in case the oxide of transition metal such as
manganese dioxide, or solid electrolyte layer 34 conféins a
cénductive polymer domprising heterocyclic compound such as
bolypyrrole, and in case a carbon layer is formed on the solid
electrolyte layer 34 by use of aqueoué solution including carbon

' par;icles.and.coagulation stabilizef, it will sometimes cause
-generation of uneven carbon layers or thin film portions because
the surface tension of the aqueous solution is too high.
Therefore, it has been éxtremely difficult to form uniform
carbon layers. _

Accordingly, lots of defective products have been generai:e‘d

with respect to ESR characteristic and capacity utilization



Wi th respect to ESR characteristic and capacity utilization 6 April 2004 3
factor, and as a result, there has been a problem of | oweri nqg i,rcb{%i el d of
the products. The present invention provides a solid electro 9‘?7" 4

capaci tor assuring excellent ESR characteristic and capacity utilization
factor, which 'has been reduced in contact resistance between the solid
electrolyte | ayer and negative electrode |ayer, and a nmethod for

manuf act uri ng same. SUMVARY OF THE | NVENTI ON A solid el ectrol ytic capacitor
in"accordance with a first aspect of the present invention conprises: a.
posi ti ve @ 08BARRI\E rasuditel teere hdsapeenfammdlem pielswsfiace of the

posi tive f aalddesbedy. pR,8QLLd, el ectrolyte layer formed on the surface of
the dielectric layer, a negafive electrode |ayer disposed on the surface

of the soli dhel epresdnyt einvapeipna mpusiidese el extriddeeletridBltic

electric e 0o _the 0Si.t| | ect rode baody, and a negative

el ect rodzéalt%e?c%c&%g] %ggjé{irl? ceé‘f(“legﬁte&ifnE%ﬁe‘gﬁ?qwlsﬁéﬁéf‘f‘%c@aé&qyode 1 ayer,

wher ei n el Negatioue fhetdr odeHiaser habclbelas a-<adean hayesontaRd the

car bon Ifg'er. ont I‘%i ps.car bon particles, and_a benzene conpound represented
%ﬁﬁ\? a

by cheni ¢&t% FEWeRR TRYI SP i nAlsctrRidte dBFRT oRNRINEGRALIVRS, and R4
has H, OigaiiedeCORAyOURNA a method for manufacturing same.

SUMMARY OF THE INVENTION
"A solid electrolytic .capacitor in accordance with a first

aspect of the present invention comprises:
au'positive electrode body,

. @ dielectric layer formed on the surface of the positive
electrode body, -
2 solid electrolyte layer formed on the surface of the.
dielectric layer,
a2 negative electrode layer disposed on the surface of the
éolid electrolyte layer,
a. pOSitive electrode terminal electrically connected to the
positive electrode body, and
-a_negative electrode terminal electrically connected to the
negative electrode layer,

. wherein the negative electrode layer includes a carbon la.yér,
and
tﬁe carbon layer contains carbon particles, and a benzene

compound represented by chemical formula 1. -

Chemical formula 1 '
where each of R1, R2, R3, and R4 has ﬁ, OH group, COOH group,
or alkyl group.



or alkyl group. 6 April 2004 4 Preferably, the positive el ectrode body

i ncludes valve netal, and the dielectric layer includes a dielectric oxide
film formed by oxidation of the valve netal. Preferably, th@AprirRgdtive

el ectrode | ayer further includes a conductor |ayer, a carbon layer is

di sposed on the surface of the dielectric |ayer, and the conductor |ayer
is ~disposed on the surface of the carbon layer. Preferably, the positive
el ectrode body includes valve netal; she dielectric |ayer includes a
dielectric oxide film fornmed by oxidation of the valve netal; the negative
el ectrode layer further includes a conductor |layer; a carbon layer is

di sposed on tﬁ@e@yaqu?e of hd h%oql_Lei@&t réfec%as fiddy QHQ%‘H% %3&‘9 ctor

.layer is disposed on e surface of the carb | ayer. Pre e solid

el ectr ol Bt .c @pdcitber diekaderic ééﬁﬁ?lk@@#WQQQ ﬁgd#eéﬁﬁtr¥%u9¥h§9 ﬁhém

 posi tiver&he bedexiidiionabs &g Jheenggaii ve el ectrode termnnal is
partially exposed; and the facing resin is disposed so as to cover the

positive el eRXSTGIEPRYdy, Ehe di RPERtiNec | &}8FLredR solaxerel edirshgre

layer, aﬂd:ltd&!ésn%gaédd(ﬁc%b.@ﬁl&ﬁ)é@ | ayehrbbie1het i g @99 bgl abj ORpet he
car bon Ia er fornmed is fine and uniform Accordingly e cont act

‘resi st antEFREweth the Keleatetectryryt eapéye"rheanﬂo%ql‘\‘é:t@&r bb#vatayéf wil |

reduced. di dpusicliedn tihe st@fhastof ayRs cukbbn alserhe reduced. As a result, it
is possible to %?tahﬂ a sqlid electrolytic capacitor assuring excellent
ESR char act er P4 2854- cagiei ?SﬁF+Y?zé¥Fﬁﬁr?gﬁn(ﬁ°dYInlﬁﬁ%%$ﬂ%néélﬁfth t he

second asgeqt; ofhd haiérvetiiconlaydheigclsdenr oy de@diacenld dogl @t EQhyt i C

CapaCIt(¥6rﬁg% E!%hp%atlon of the wvalve metal; the negative electrode
layer further 1ncludes a conductor layer; a carbon layer is
disposed on the surface of the dielectric oxide film; and the
conductor layer is disposed on the surface of the carbon layer.

Preferably, the solid electrolytic Capacitor further
comprises facing resin; each of the positive electrode terminal
and the negative electrode terminal is partially exposed;
and the facing resin is disposed so as to cover the positive
electrode body, the dielectric layer, the solid electrolyte

rlayer, and the negative electrode layer.

‘Due to this configuration, the carbon layer formed is fine
and uniform.  Accordingly, the contact resistance between the
solid electrolyte layer and the carbon layer will reduced.
Fufther, the:contact-layer will also be reduced. As a result, it
is possible .to obtain a solid electrolytic capacitor assuring

excellent ESR characteristic and capacity wutilization factor.

In accordance with the second aspect of the invention,
there is-previded a solid electrolytic capacitor, comprising:

a positive electrode body formed of the valve metal}

a dielectric oxide film disposed on the surface of the

positive electrode body;



a positive el ectrode body fornmed: of the valve netal; a dielectric oxide
_fil mdisposed on the surface of the positive electrode body; 6 April 2004
4a a solid electrolyte |layer disposed on the surface of the Gdpal 2004ri c
oxide film a negative electrode |ayer disposed on the surface of the

solid electrolyte layer;, a positive electrode termnal electrically
connected to the positive electrode body; a negative el ectrode terninal
electrically connected to the negative electrode |ayer; and facing resin
di sposed in a state such that each of fhe positive el ectrode term nal and
t he negative el ectrode terninal is partially exposed, wherein the negative

el ectrode | ayer Jofehudesea oAIon o) Vel Ayl e SALDUN VST Gonal ns
e enz dl

carbon particles an oun epresent e em ca
formul a @}ehm@nECeaehdefﬂﬂﬂﬁ, R2, R3, and R4 has H, CH group, COCH gr oup,

cor alkyl groug. nlpaaprordanGS et atbe LibboasRes Rl Lhelaventige there

I's provided a nethod for manufacturing a so ctrolytic capacitor,
conprlS|ﬁ@l¥¢m?%99§ﬁglb¥e Yayrewi ng a positive el ectrode body; forning a

dielectric Iaxe{,omme c3UEE A6 oéegrﬂ%aaoeugbyﬁcaeﬂﬁctcwﬂs aTelo Vo t%fm ng a
solid electrolyte |ayer on the surface of diel éctric Tayer formng a

‘negatlvep%ﬁ%iﬁﬁeoﬁéeF yede S9dvhe surface of the

a negative electrode terminal electrically connected to the
negative electrode layer; and
facing resin disposed in a state such that each of the
positive electrode terminal and the negative electrode terminal
is partially equeed,
wherein the negative electrode 1layer includes a carbon
leyer, and
- the carben layer contains carbon particies and a benzene
compound represented by the Chemical formula 1, where each of

. R1,R2,R3,and R4 has H, OH group, COOH group, or alkyl group.

In accordance with the third aspect of the invention, there
~is provided a method for manufacturing a solid electrolytic
capacitor, comprising the steps of:
forming a positive electrode body;
formlng a dlelectrlc layer on the surface of the positive
electrode body;
forming a solid electrolyte layer on the surface of the
dielectric layer;
forming a negative electrode layer on the surface of the
solid electrolyte layer, |
- wherein the negative electrode layer includes a carbon
layer, and _
the carbon layer includes carbon particles and a benzene
layer, and a silver paste layer as a conductor layer, and |
the carbon layer contains carbon particles and a ‘benzene

compound shown by the chemical formula 1;



solid electrolyte layer, wherein the negative el ectrode | ayer includes a
carbon |ayer, and the carbon | ayer includes carbon particles and a benzene
| ayer, and a silver. paste layer as a conductor |ayer, and t&&pdk2dddn | ayer
contains carbon particles and a benzene conpound shown by the chem cal
formula 1; 6 April 2004 4b electrically connecting a positive el ectrode
termnal to the positive electrode body; electrically connecting a
negative electrode termnal to the negative el ectrode |ayer; and disposing
facing resin so as to cover the positive electrode body, the dielectric

| ayer, the solid electrolyte Ilayer, and the negative el ectrode | ayer,
where each of , a H , FORH u | k group.
In accordancee%§%H#@%ﬁ§§¥OE%PEQEQ%%%taof t %Ryﬁvé%tioﬁg&gtﬁgfég?é? p%évided a
met hod fore mewdtave wianfradsobdédyel ectrol ytic capacitor, conprising the
steps of: fordidqi.3.R98ht ikanELenld 0de ROlY:0a8VINge ¥ghy e BEL a1 SEOtered
i'nto porous netal; fornmng a dielectric l"fayer on the surface of the

posi t i vethe|negptdde diedkrofier hiyrriaaddl id el ectrolyte layer on the surface
~of the diel egfdddsihgyeaciff M At negatie ehbectrpde layer QRjthgesurface
of the solid el'ectrolyte |ayer, wherein the negative el ectrode |ayer

“i ncl udese e &arEsn Pedrer thegridfied esitivier bisre | Byer sedid cokrftfecdvteayer,

and  ° 1ayer, and the negative electrode layer, where each of

R1,R2,R3,and R4 has H, OH group, COOH group, or alkyl group.

In accordance with the fourth aspect of the invention,
there is provided'a method for manufacturing a solid electrolytic
‘capacitor, comprising the steps of:

- forming a positive electrode body having valve metal
sintered into porous metal; '

forming a dielectric layer on the surface of the positive
~electrode body;

forming a solid electrolyte layer on the surface of the
dielectric layer:

forming a négative electrode layer on the surface of the
solid electrolyte layer,

wherein the negative electrode layer includes a carbon
layer,'and*a-silvér paste layer as a conductor layer, and

the carbon layer-contains carbon particles and a benzene
compound shown by'the chemical formula 1;

electrically connecting a positive electrode terminal to
the positive electrode body;

electrically connecting a negative 'electrode terminal to
the negativé electrode layer; and

disposing facing resin so as to cover the positive
electrode body, the  dielectric layer, the solid electrolyte

" layer, and the . negative electrode layer, where each of

"R1,R2,R3,and R4 has H, OH group, COOH group, or alkyl group.



t he carbon | ayer contains carbon particles and a benzene conmpound shown by
"the chemcal forrmula 1; electrically connecting a positive glA%ﬁfﬁd?ﬂe
terminal to the positive el ectrode body; electrically connecti'ng a
negative electrode termnal to the negative electrode |ayer; and di sposing
facing resin so as to cover the positive electrode body, the dielectric

| ayer, the solid electrolyte |l|ayer, and the .negative el ectrode | ayer,
where each of R1,R2,R3,and R4 has H, group, COOH group, or al kyl group.
6 April 2004 4c BRI EF DESCRI PTI ON OF E DRAWNGS Fig. 1 is sectional view
showi ng the configuration of a solid electrolytic capacitor in accordance
with th W i wigideodi nent 1 and the exenplary

enbodi mee?lt 2 0 F eéf)ﬁigggt %Q*lgflt\)/%ltl on. Fig. 2 is a perspective view

showi ng ¥He cdnf ilgur aerbhongdar tvighl y sheeken dkey cbniigotdtdiosl eefr obytic
capaci t 0goj iy @f&@mﬁ%@cwaagakpeofxgﬁp'aﬁaaeragpggl weeL 32l L AGRL ggent
invention. Fig. 3 1s & sectional view show ng the configuration of
conventional solid electrolytic capacitor. DESCRI PTION OF THE MARKS 1
Positive electrode lead wire 2 Positive electrode body 3 Dielectric oxide
film4 ' Solid electrolyte | ayer



5 Carbon layer 6 Silver paste conductor layer. 7 Capacitor elenent 8
Positive electrode termnal 9 Conductive adhesive 30 Negative ele%trode
termnal 11 Facing resin DETAI LED DESCRI PTI ON OF THE | NVENTS &R112904 5ol d
el ectrolytic capacitor and its manufacturing nethod of the present
invention, a carbon |ayer serves to relieve the surfacé tension generated
when a carbon layer is forned. That is, a solid electrolyti'c capacitor in
an enbodi rent of the present inventiqp conprises a positive el ectrode body
formed of value netal; a dielectric oXide film a solid. 6 April 2004 -6

el ect r ol emboldapentand aadnegat iexerplacyr efBobayest Wi 60 8h& plasdpated in
or der oni%he igrface of "the positive electrode body; electrically
i nsul ati v& rastR™as a faci ng di sposed so as to cover these |am nated

layers; a posigive ekeel rg&%ﬁeeftmv@alvieheglheginef thBecBRELLh e £l pCL T 0de
e

body; and a negative. el ectrode term nal out of the negative el ectrode

| ayer. ERGRTSAILYhBTBESPt AVeYeléctr 69 idephpAEFovtic heaprefttaweirl ect r ode
term nal adczoRakhtal Iw)[tgxmede}gémﬁl@e__ys Lg“fb%gqmg;ltt he stﬁl{]ef aé/l’pgse egative
a uct of

el ectrode | ayer includes a carbon |ayer an cond er. e carbon
| ayer cod®¥eR$ieRrbon particles and -a benzene conpound represented by the

chem cal forpuwha 4.5 QUgLRiERL [ iop, the carbon.layer forned is
fine- and uni \k"or mlSAccoregi Jﬁgfléi fﬁéélfr gg‘%&’géb ér}éesics nafﬁ‘gémggtl\%e?léﬁe
conventional solid electrolytic capacitor. : _

DESCRIPTION OF THE MARKS
Positive electrode lead wire
Positive electrode body
Dielectric oxide film

Solid electrolyte layer

1

2

3

4

5 Carbon layer
6 Silver paste conductor layer .
7 Capacitor element

8 Positive electrode terminal
9 ‘Conductive'adhesive

10 Negative electrode terminal

11 Facing resin

DETAILED DESCRIPTION OF THE INVENTION
In a solid electrolytic_capacitor and its manufacturing
method of the present invention, a carbon iayer éerves to
relieve the surface tension generated when a carbon layer is
formed.
. ' That is, a solid electrolytic capacitor in an embodiment
of the'present invention comprises a positive electrode body

formed of valve metal; a dielectric oxide f£ilm, a solid.



solid electrolyte layer and the carbon layer will be reduced. Further,. the
contact resistance between the carbon |ayer and the conduct%¥§_l 3r w | |
al so be reduced. Asa result., it is possible to obtain a so il 2

el ectrolytic capacitor ‘assuring excellent ESR characteristic and capacity
utilization factor. Chemcal forrmula | where each of Rl, R2, R3, and R4 has
H, OH group, COOH group, or alkyl group. OH R2 6 April 2004 7 Preferably,

t he carbon particles, and the benzenebconpound represented by the cheni cal

formula 1 | at aratio of one_part by weight of carbon

particIesegﬁgtgg?§?%h§%63?9n§ya Re? oV or ebeh cohPBER Py ésent ed by

the cheni dalifotedl in drad tdh thiesseenbé@usAtinaN pokhescar hondaygr for med
uniform. Preferably' K the benzene conpound represented by the

is fine n [ ' :
cheni cal %85%%191‘3%’10&% YsinF Adker rRSEReAS @afBoNY djsposedrimpns

catechol ab tergehéod 1anSnBYE8AVRL,; 4 Opo XL &1 c@ioﬁg%%gﬁnggﬁpound
I F a IS Used. As

havi ng C[i%r]h%srr Jerr], as shown by the chem ca or nu

cat echol , *f£8° %ﬁ%ﬁ’@,P%’U@ﬁffeﬁéeﬁbﬁ%hédHa\ﬂin@gan@@HﬁWeme&mmueby t he

cheni cal kerfwhal 31éd deds CHENLE Chenical forpula 3 CH A
met hod for_ manufacturing a solid e?%%%&%?%#?%ggé%%ci§%¥grrr1é%?ggﬂgodinent
of the pr§§6n90$h§%yﬁi(9 E§§ﬁgﬁestgrminal and the negatiye electrode

te:r:_'m:_i.nal is partially exposed at the surface of the resin. The
negative electrode layer includes a carbon layer and a
conductor layer. The carbon layer contains carbon particles
and a benzene compéund represented by the chemical formula 1.
Due to this cohfiguration, the carbon layer formed is fine and
‘uniform. According;y, the contact resistance between the
s0lid electrolyte layer and the carbon layer'will.be reduced.
Further, the contact resistance between the carbon layer and
the conductive layer will also be reduced. As’a result, it is
possible to obtain a solid electrolytic capacitor assuriné

excellent ESR characteristic and capacity utilization factor.
Chemical formula 1

where each of R1, Rz,‘RB, and R4 has H, OH group, COOH group,

or alkyl group. ' |

OH

R4 OH
R 3~ R1

R2



.(a) a process of formng a dielectric oxide filmand a solid electrolyte
| ayer in order. on the surface of a positive, electrode bodg faqrmed by
sintering valve-netal into porous netal or on the surface o ABB'O%Q ive-
el ectrode body with the foil 6 April 2004 8 of valve netal
surface-roughened; (b) a process of form ng a negative el ectrode | ayer by
form ng a carbon | ayer containing carbon particles and a benzene conpound
represented by the chemical formula 17nd a conductive layer of silver
paste on the surface of the solid electrolyte layer; and (c) after that, a
process of fdtisfEuabdywhhe cacban megitidles, anmhbhebesuenet daip@ash of a. , .
positive ae. i.nal of -th ositiye.el ectrode body and a
negative E ‘2%% ode di E?E%Fhfgggqgggoﬁn%ﬁefnagrgeaf’f)gga%’ll%‘gtartoaer&}%r is
parti al | yof expopedt Brooridintgofocatben peiradlestand onassi.Bl gate vl i ably

obt ain I l.ectrol yte capacitor assuri excel | ent ESR

char act e?‘f%f%gg%db%%zbeanc%??mﬁ?@ﬁff&tplrgﬁef"éﬁ‘bg‘g{ ths Shsrdef Lot ifent |

Fig. 1 isla SHthi ohab voesi@iewiRg,! fheComfb@Nalleonreimda 59¢he

el ectrol yt edc%glgﬁétor in accordance’ with the exenplary enbodinment 1 of

t he prese?ﬁ’ i n. In Fig. 1, the solid electrolyte capacitor conprises
a positive elmaifatnls,f ofi@dbefkedal ViRl FegbtidLGldd CoPXig film3, a
solid electrolyte |ayer 4 and a negative el ectrode |ayer which are

| ami nat edPYH-GrdeForf ket sHbickelst inndudedi fpy&bel atambose Irwer 2; faci ng
resin 11 dbsRosesl caledfiol G BYELgLIESE. | AW | $or AiHd1ee |
electrode |lead wire 1 | ed ou?¥of gt he posi E@?ﬁ%lcﬁiddgor E}l-e'

a benzene compound having C¢H¢O3 as shown by the chemical formula

2 is used. As catechol, for example, a benzene compound having

CeHeO, as shown by the chemical formula 3 is used.

Chemical formula 2 Chemical formuia 3
QH : . OH
OH OH
OH

A method for manufacturing a solid electrolytic capacitor
in an embodi;nent of the present invention comprises
(a) a process of formigg a dielectric oxide .film and a solid.
electrolyte layer in order. on the surface of a positive
electrode body formed by sintering valve metal into porous metal

or 'Qn the surface of a positive  electrode body with the foil



body 2; a positive electrode term nal 8 connected to the p05|t|ve .
electrode lead wire 1; and a negative el ectrode. term nal e% t of
t he negative el ectrode |ayer. Each of the positive el ectrode frant Oﬁ 8 and
the negative electrode termnal 10 is partially exposed at the surface of
6 April 2004 9 the facing resin 11. The solid electrolyte |ayer 4 contains
manganese di oxi de. As valve netal, alumnumand titaniumor the |like netal
are used, and these netals are sinter®d into porous netals. The direlectric
oxide film3 is formed by positive el ectrode oxidation nmethod. The
negati ve @ é@t]f"@dé‘etla&yéklrfﬁﬁﬁUﬂ‘é‘ég}ée%%q‘?oon layer 5 and a silver paste

conduct or(py ay%erpQceRe J1eFiinie £ LGIdRAS vieer BiBaLrdfei S LoAEAILd to  the
negative eI ectrode | ayer via a conductive adhesive 9. The carbon T ayer 5

cont ai ns &gy p@ertendsayerdcen rhydrcarkRrpbaRbi¢EpT €58t ke 1304 he

chem cal f s and a
benzene c%nréogljl rgi }ﬁgggg%lgpﬁggg%rgémbggwggg?%&ﬁﬂ%g|15 ggﬁ%gg%%&é*—bvéver t he
car bon | alayers odbsalmed pastid pe thd sinifarencbetha solidf eteatndly ey both of _
carbon pajticles aepd a benzene conpound shown by the chemical fornula 1.
Accor di nZ’F‘V Théontact resistance between the solid el ectrol yte |l ayer 4
and t he cg&tporfieayehab, vulﬂrdt&asrsedxfcfdpln&hﬂmm wayar réstoni@i ns a

b ' d sh by th f,0,1 to 1. 8'
par by VEMRREGT SUGA At AR SE BRPL HhYS BT GFEF SIS SAPBRoRatTY cl oo,

- Since theput G e bayetibe halesttebda bempand achegative Cé]ﬂ@@ﬁrd&d{@n t he
carbon | ayer 5 obtained is fine and uniform Accordin cont act

|
resi st ancESHR e ACE P 50T |talee’l‘%%ﬂ”o‘r‘§/te&ef3§§8ﬁie4 %ﬁ&eg % p: Part-"-allY

exposed.
According to this method, it is possible to reliably obtain
a solid electrolyte capacitor assuring excellent ESR ‘

characteristic and capacity utilization factor.

Exemplary embodiment 1:
7 Fig. 1 is a sectional view showing the configuration of a
solid elecfrolyte capacitor in accordance with the exemplary
embodiment 1 of the present invention. In Fig. 1, the solid
electrolyte capacitor comprises a positive electrode 2 formed
of valve metal r a dieie’ctric oxide film 3, a solid electrolyte
layer 4 and a negative electrode layer which are laminated
7 in 6rder on the surface of the positive electrode body 2; fac:f.ng
resin 11 ‘disposed so as to cover these laminated layers:
positive electrode lead wire 1 led out of the positive electrode
body 2; a po_sitive electrode terminal 8 connected to the
posi't-ive electrode lead- wire 1; and a negative electrode
- terminal 10 led out of the negative electrode 1layer.
Each of the positive electrode terminal 8 and the negative

electrode terminal 10 is paftially exposed at the surface of



the carbon layer 5 will be reduced. Favorably, the carbon Iayer 5 contains
a benzene conpound shown by the chemical fornula 1 in a rang % to
part by weight of sane agai nst one part by weight of carbon 6BWF%9

to this configuration, the result to be obtained will be further |nproved.
In case the content of the benzene conpound represented by the. chem cal
formula 1 is less than 0.1 part by melght a uniform6 April 2004 10

carbon layer will not be obtained. Algo, the content of the benzene
conmpound represented by the chemcal fornula 1 exceeds 1. 8 part by

wei ght, tdhe earbeg +éwal 1f1or nedeWdlid@1kbiek19068 1a@ér unidoar@inand it is
unabl e to- obtain a uniformlayer. As a benzene conpound shown by the

cheni cal "e@gRReae101¥10¢ eadf BALVSIMGHlec ROMMEARRM FRD Jat 1aLURS OFr ef er abl e

in partigylan xeTRESS) CORPAWIS, B rt%leg@vxﬁewfs S&!Eé PGE drasiiaRot hat
becormes extrénely high during formng of a carbon | ayer. Accordingly, the

cont act rp@siosrﬁaneéabet witre (Helegitrdcepstde i 1 dferfommed Pieacar bon
| ayer wi | ﬁ%l@%dgisgtrﬁée fot £t on hibehgy POTRLO Sgad A O Ra80! | d

el ectrol ytac capacitor havi ng excell ent ESR characteristic in a hi gh
frequenc;ﬂ.ay@ugenthéesaal bmrtcay deysr % anfdenedlver erptpraseatcdorsuch as, a

process ofprepar iuig 80 alkal | D6 i1 iutise: 6 SgbihiObeq sspended by

addi ng ¢ art SubATCron -I'n abénzene compound
representigk b;yagtajuaveheasnezﬂjrof&mr mul &y eh; valada aosdnné‘azme athesdvagént- into

“water, an'd ag?‘??ce of agga%&oglrtﬁtliﬁg %}__ ﬁxiéjsf%ntd atbré% lrllrface of

solid electr a Process & For i ng the
carbon | ayipdund &égseséﬁie@. 157 et;heofcmm&baml ﬂgnaulsms:penm on of carbon

particles: andhe configuration mechanism of carbon particles and a
benzene compound shown by the chemical formula 1 is unknown.
However, the carbon layer 5 obtained is fine and uniform because
of containing both of carbon particles and a benzene compound

. shown by the chemical formula 1. Accordingly, the contact.
| resistance between the solid electrolyte layer 4 and the carbon
layer 5 will be reduced.
- The carbon layer 5 contains a benzene compound shown by the
_chemical formula 1 in a range of 0.1 to 1.8 part by weight of
same against one part by weight of carbon particles. Since the .
carbon layer 5 has such a range of chemical composition, the
carbon layer 5 obtained is fine and uniform. Accordingly., the
éontact resistance between the solid electrolyte layer 4 and
the carbon layer 5 will be reduced. Favorably, the carbon layer
S contains a benzene compound shown by the chemical'formula 1
in a range of 0.2 to 1.2 part by weight of same against one part
by weight of carbon particles. bue to this configuration, the
‘result to be obtained will be further improved.
‘I-n case the content of the benzene compound represented by

the chemical formula 1 is less than 0.1 part by weight, a uniform



liquid; (b) a step of preparing a m xed suspension by dissolving a benzene.
corrpound shown by the chenmical fornula 1 in the suspension; 8‘)) a step of

i mmersing the positive el ectrode body having the solid el ect § Gk 2008ay er
into the m xed suspension; (d) a step of taking the positive el ectrode body
having the electrolyte Iayer out of the m xed suspension; and (e) a step
of drying the positive el ectrode body having. the 6 April 2004 11 solid
electrolyte layer, which is noistenedgvth the m xed suspension. Because
the m xture (or solution) is alkaline, the dispersion of carbon particles
w |l be capbavddyehcedidimyt \be oibttaﬁ.sepossﬂillsloe ttbei pontest ohetlt ability of

the benzghe. SOBNRSLd SRLESENLEds Lle GRENLG! LORI & dycd dupase the
m xt ure. SO I on acl erns o I Spersion of

carbon pag tpaxitesyb@mg‘rss, mesearmd m@seﬂuﬁmédiwlmheebenzeneambrrpound
will be lowered i n stabhi The co er(l%) of, carbon art cles in the

m xture POY WHHRATon R |§tp¥%f’é‘f‘%tb]ree &atp & Uphh %???5' 'w- to 10

W.. In thisas wayent&ife HorPRuHAOEH SN GAf REB @@érﬁié&ﬁﬂfd&rﬂtﬂlab@,faltft her .
improved. As a result, the carbon |layer 5 obtained is fine and uniform

When t heleafit 8Re offcataabod it PYEPGRLIGE 1R 8TRESTAPLE AHrPaGiGHYas) is | ess

than 2 wWefa0f QMRlouh@sWhdl LIS AROYBPERFLIIRRERs 1ol khabenboyrsed a
little. Specific exanples. are described in the follow ng. Exanple 1:

Firstly, exﬁmr@ﬁwbawrmg Formiy PR & cARRARL AR t AgFordingly,

the contact resistance between the solid electrolyte layer and
the carbon layer will be reduced. As a result, it is possible
to obtain a soiid electrolytic capacitor having excellent ESR
characteristic in a high fregquency range.

The carbon layer 5 is formed through processes such as, a
process of ﬁreparing an alkaline' {pH8~11) mixture or solution
suspended by adding carbon particles of submicron in diameter,

' a benzene compound represented by the chemical formula 1, and
a surface active agent into water, and a process of applying
the alkaline mixture to the surface of solid electrolyte layer
4 aﬁd drying of same.

Or, a process of forming the carbon layer includes:

(a) - a step of preparing a suspension of carbon particles and
liquid; |

(b) a step of preparing a mixed suspension by dissolving} a
benzene compound shown by the chemical formula 1 in the
suspension;

(c) a step of immersing the positive electrode body having
the solid electrolyte layer into the mixed suspension;

(d) a step of taking the positive electrode body having the
eledti:olyte layer out of the mixed sus_pension; and

(e} a step of drying the positive electrode body having the



a part of tantalumwre is exposed. After that, the noldings _is sintered.
In this way, a positive electrode body of 1.4 mmin thi ckneéi, _3.08 mmin
width, and 3.8 nmin I ength was obtained. The surface of th BB's% e

el ectrode body is subjected to formation at 20V by usi ng phosphate
solution. Thus, a dielectric oxide filmwas forned as a dielectric |ayer.
A lead wire is connected to the positive electrode body and is |ed out of
the positive el ectrode body. Next, t hd positive el ectrode body having the
dielectric oxide filmwas imersed into 20 w % of ' nmanganese nitrate 6
April 20080134 selegtvie A8Qefor whichedsndeistndedawithkeheomtixtier eaf t er.
Af ter tha%usﬁé(ﬂ:%_part ~of the manganese nitrate solution sticking to the
surface of the positive el ectrode body having the dielectric oxide film
was bl own aweBednusa r th8ubsiedueet | yor tdrduytdsint)i vesel &ntalde: bodyenoi st ened
w th man itrate olution was tr ed at_300C far 5 m nutes,

i ncr easi ggfgﬁgr%%nrrﬁ%rca TPP8 BRT L ée'ﬁlgiltbﬁvé'?prz% wi ARSOTGABS A nut e. .
Thus, t hit dengesedsents Imt«,eeaeéuhmmiﬁyeaﬂaﬂrﬂeybsﬁg@ﬂ@@%ﬂﬁoaﬂd then a
solid el ectrolg/t etﬁlfg\b/er of manganese di oxide was fornmed on the surface of

the diel etPPTESYX Yitha chentcal ferupledee &P 43Re deimletwRa-(eFyte | ayer

was i npregnatsh Wikhacd &ed (B8 &g benpEPNtdieNaNgpERERER PBkELELES and
pyrogal | ol . rogallol is used as a benzene conmpound shown by the chem cal
formul a 1PaFHECIFXHETAHRCSBPEEE oAREGIEEeP t 1 0bhst Penrepa compeiafies and 2

. Wt % of pyﬁggglﬁ@llo@}@damg@bilirw. solution is adjusted to pH10 by
ammoni a. The positive electrode body inpregnated with the al kaline sol uti

on was.dri ed Thf ceBbent pf qagbengar tisles boiheayiortumes (¢pseddtaoni he

surface jg preferable to be in a range from 2 wt% to 10 wt%. 1In this
way, the dispersion of carbon particles will be further improved.
As a resuit, the carbon layer 5 obtained is fine and uniform.
When the content of carbon particles in the mixture {or
solution) is less than 2 wt% or over 10 wt$, the above performance.
will be lowered a little. |

Specific examples.are described in the following.

Example 1: _
Firstly, tantalum powder is molded in a manner such that
a part of tantalum wire is exposed. After that, the moldings
is sintered. In this way, a positive electrode body of 1.4
mm in thickness, 3.0 mm in width, and 3.8 mm in length was
obtained. The surface of the positive electrode body is
subjected to formation at 20V by using phosphate solution. Thus,
a dielectric' oxide film was formed as a dielectric layer. &
lead wire is connected to the positive electrode body and is
led out of the positive electrode body.
Next, the positive electrode body having the dielectric

oxide film was immersed into 20 wt% of ‘mangdnese nitrate



of the solid electrolyte layer. After that, a silver paste was forned as a
conductive | ayer on the surface of the carbon layer. Thus, a _capacitor

el enent was obtai ned. Next, a positive el ectrode term nal wal Apd ed to
a tantalumwre. Al so, a negative electrode termnal - is connected to a
negative el ectrode | ayer by using conductive adhesive. That is, the
negative electrode termnal is connected to the negative el ectrode |ayer
via the conductive adhesive. Facing 1esin is disposed to cover the
capacitor elenent in a manner such that each of the positive el ectrode

term nal : b cid i enn ' riial osed. In this
way, a sg??gtgpgcﬁgﬁyﬁé?rﬁgga%%tor s:ia\%ﬁl%g 3 X%]rclgﬁ é%gfr%§%)éeg§gpe of 7.3 .
mm x 4. 3Afvex thgtpmexgedsnpastoninddemmanigaceseeditEasrplseldtibn this

exanpl e . hayer I i.ng alkaline .solution containing
car bon p%?ttli%(}:cﬁgébg&n&h%a%%%%ﬁé %éfngg% ﬁzséﬁcévgc%%ﬁgéﬁagghboc\’/\# E’?V%ﬁ% cheni cal
fornul a Theldeelrdigric ooinde fulatwasnisidwn abbgity aisol ishbalegnenallyli c

capacitor_.are the. sa S | he above ex lLe. 1. Exanple 3: In this
exanpl e §,heap83%§lo%e I?r;?eec?t 'OS‘{]eT b?ﬁ%d“‘b’sﬁ%%géf%d??’?%m BEEEATeF pHLO
whi ch combaumsoh waso bfedird et paALCCCcEes snfindkds WMicleapyhggéhbol . In
this casg,'the %arboqila er contains _one part by weight of carbon
particl e HRGTE Y D&t ab%;P‘%%q Gt oVeF A bgatHbin orgnER e - cdRPFgurati ons

to obtai Rhe mahbénes€! RTtrtle) 6ol uaBACKASN tiRénA NG, WHRnBdsel hhE above
~exanple 1. Exanple 4: In this exanple 4, a carbon |ayer i's forned by using
al kal i ne then a solid electrolyte layer of manganese dioxide was formed
| on the surface of the dielectric oxide £ilm.

Next, the surface of the solid électrolyte layer was
impregnatedwithalkalinesolutioncontainiﬂgcarbonparticles

- and pyrogallbl. Pyrogallol is used as a benzene compound shown

by the chemical formula 1. Thg alkaline solution contains 2
wt% of carbon particles and 2 wt% of pyrogallol, and ammonia.
The solution is adjusted to pH1Q0 by ammonia. The positive
electrode body impregﬁated with the alkaline solution waé dried
at 150°C. In this way, a carbon layer was formed on the surface
of the solid electrolyte layer.' After that, a silver paste was
formed as a conductive layer on the surface of the carbon layer.
Thus, a capacifor elemént was obtained.

Next, a positive electrode terminal was connected to a
tantalum wire. Also, a negative electrode terminal is
connected to a negative électrode layer by using conductive
édhesive. That is, the negative electrode tefminal is
-conngcted to the negative electrode layer via the conductive
adhesive. Facing resin is disposed to cover the eapacitor
element in a manner such that each of the positive electrode
termiﬁal and the negative' electrode terminal is partially

exposed. In this way, a solid electrolytic capacitor havirng



solution of pHLO which contains 5 wt% of carbon particles and 2 wt % of
pyrogallol. In this case, the carbon.|layer contains one pan% ﬁé %Sight of
carbon particles and 0.4 part by weight of pyrogallol. The fprd 2004
configurations to obtain a solid electrolytic capacitor are the sane as

I n.the above exanple 1. Exanple 5: . In this exanple 5, a carbon layer is
fornmed by using al kaline solution of pH O which contains 5 w % of carbon
particles and 5 wt%of pyrogallol. {# this case, the carbon |ayer
contains. one part by weight of carbon particles and 1.0 part by weight 6
April 20Q4sHepenb s pyBagak4al3. mil ez of ferincdividguircat vansiahofabtaredia sol i d

el ectrolytic capacitor are the sane as in the above exanple 1. Exanpl e 6:
In this exanple 6, a carbon layer is formed by using al kaline solution of
pH10 whi gl agentapns 5 wt- of carbon particles and 6 w-% of pyrogallol.
,In this case, the carbon | ayer contains , one part bg meiagggﬂf car bon

particles andRftBisgampde et P 13XADOLSFPEMed AT B +*Qur ati ons

to obtai @oiu%%h%onecla%&ﬁgldatfrs“orpaaaeiapés aha ¢ aRPads bBnkge above
exanple 1. Example 7: In This exanple 7, a carbon |l ayer is forned by using

al kal i ne coswoynforshswipHry wkheh dwmispds MVADF lear bdRepaltiefes and 9

ut % Of PYAIl0kes bk EBIcheASPa diSadARNFEEE AT arthegndart by
wei ght of carbon particles and 1.8 part by weight of.-pyrogallol. The other

conf i gur stamensst dnobheiabaves d@daghplel éctrol yti c capacitor are the sane as in

~the above-exanple 1. Exanple 8: In this exanple 8, a carbon |ayer is forned
by using al kaline
Example 3:

In this example 3, a carbon layer is formed by using alkaline
solution of pH10 which contains 5 wt% of carbon particles and
0.5 wt% of pyrogallol. In this case, the carbon layer contains
one part by weight of carbon particles and 0.1 part by weight-
of pyrogallol. The other configurations to obtain a solid.

electrolytic capacitor are the same as in the above example 1.

Example 4:

| In this ekample 4, a carbon layer is formed by using alkaline
solution of pH10 which contains 5 wt% of carbon particles and
2 wt% of pyrogallol. In this case, the carbon layer contains
one part by weight of carbon particles and 0.4 part by weight
of pyrogallol. The other configurations to obtain a solid

electrolytic capacitor are the same as in.the above example 1.

Example 5: 7

E[n this exarﬁple 5, a carbon layer is formed by using alkaline
solution of leb which cont-ains 5 wt% of carbon partiqle_\.s and
5 wt$ of pl-rroga'llol. In this case, the carbon layer contains

one part bf weight of carbon particles and 1.0 part by weight



solution of pHLO which contains 10 wt % of carbon particles and 10 wt. % of
pyrogallol. In this case, the carbon.|layer contains one paeé ﬁez\rﬁsl ght of
carbon particles and. 1.0 part by weight of pyrogallol. fp
configurations to obtain a solid electrolytic capacitor are the sane as in
t he above exanple 1. Conparative exanple 1: In this conparative exanple 1,
a carbon layer is forned by wusing alkaline solution of pHLO which contains
2 Wt % of carbon 6 April. 2004 15 partiges. That i's, the al kaline solution
does not contain a benzene conpound 'shown by the chem cal formula 1. The

ot her cobfki gyirafghDS1 ! 0 MY abFhér SObh£h RItibalkY il HARAGI HOsA5Q the same
as in the_above exanple 1. Conparative exanple 2: In this conparative

exanpl e Z1eGTEAITHIC ICAPECiteT BF frdh by e SAshgnatkalabageserannlon lof pH O
whi ch contains 5 wt% of carbon particles. That is, the al kaline solution
does not contain a benzene conpound shown by the chem' cal formula 1. The
other cE&#PMBYRa®ions to obtain a solid electrolytic capaci tor are the

sanea—sintﬁﬁgv&ﬁﬁ e ' 10l rolytic
capacitors tE gbe?{al e?‘%hat aeé/geéggg‘r% é,?ﬁ%ﬁ dhﬁ%lﬁg% cag‘r}rcﬁgﬁgtel ve :
exanpl es solughdn f Phd 0 which| cahaiact 6rwst icfS ceebeut pastiaties aagacity C',

equi val ent 'ser ce "E | eak cyrrent "L capaci ty change
rate " AC% 1?% %%ﬁﬁéﬁgség?ate [%e%rls] BSR4 eFafb°Bc%¢Y% °§&8f1¥lﬁeavi ng at
105C ar e ogkopart ioyTablight lof Tdesen patrtaclascasd Uerepaeashy edight
,terrperatures ln a f 25-300C. he el ectro tat| capaci t

measur ed %4t ¥589?&.£3:E '@bes OHRE LT ‘bfT r‘f(.’f@”ﬁlﬁzi ﬁ‘é“l é‘aI?OZL&Frent he

curr ent ‘e&lauerolytic capacitor are the same as in the above example 1.

Example 7:
In this example 7, a carbon layer is formed by using alkaline
- solution of pH10 which contains 5 wt% of carbon particles and
9 wt% of pyrogallol. 1In this case, the carbon layer contains j
one part by weight of carbon particles and 1.8 part by weight
- 0f pyrogallol. The other configurations to obtain a solid

ele_ctrolytic capacitor are the same as in the above example 1.

Example 8:

In this example 8, a barbon layer is formed by using alkaline
solution of pH10 which éontains 10 wt% of carbon particles and
10 wt% of pyrogallol. In this case, the carbon layer contains
one part by weight of carbon particles and 1.0 part by weight
of pyrogallol. The other configurations to obtaiﬁ a seclid

electrolytic capacitor are the same as in the above example 1,

Comparative example 1:
In this comparative example 1, a carbon layer is formed 'by

using alkaline solution of pH10 which contains 2 wt% of carbon -



was neasured 30 seconds after. applying the rated voltage. Each of the
nmeasured val ues i s shown by averaging n = 30 specinens. The rat.ng
specification of the solid electrolytic capacitor .is. 6. SVW,GQBW 046 Apri |
2004 16 Table 1 Initial valuesAfter 1,000 hours C (F)ESR (m)LC ([A) AC

(9 AESR (% Exanple 11523015-2.51.5. Exanple 21542814-2.11.3 Exanpl e
31502413-2. 01. 2 Exanpl e41532211-1.80.9 Exanpl e 51542110-1. 70. 8 Exanpl e
61592312- 1. 80. 9 Exanpl e 71562513- 2. 21.53 Exanpl e 81552413-2.11.2 Conparative
1217594- 1517 exanple 1 Conparative 1267282-1211 exanple 2 As shown in Table
1, the spartdiclexct r Dhytiis cap@chlbadineg sdlhgioxadpke rHotamdnthénexanpl e 2,

cont ai ni ‘car bon parti.c| es nd, rogal,l o r catechol _.in t car bon
| ayer, h3SRZHE (SOMPORG FngBﬂB aﬁ%rc%ﬁlggat gglﬁm'tl% s{;‘ i N Fh%pg%ﬁpar ative
exanpl esconfidihariondsheo s0ltiadned e61iolefeict reapat.ticiphdinohareptreent

exanpl es nmai ntain excel |l ent performance even after 1,000 hours of |eaving
at hi gh E&RpAa e Aheve §*¥aR1end: present :

Comparative example 2:

" In this compafative example 2, a carbon layer is formed by
using alkaline solution of pH1l0 which contains 5 _i-i;t% of carbqn
particles. That is, the alkaline solution does not contain a
benzene compound shown by the chemical formula 1. The other
configuratiohs to obtain a solid electrolytic capacitor are the

same as in the above example 1.

With respect to the solid electrolytic capacitors thus
obtained in the examples 1 to 8 and the comparative examples .
1 and 2, the initial characteristics (electrostatic capacity
"C", equivalent series resistance "ESR", leak current "LC"},
capacity change rate "AC” and ESR change rate "AESR" after 1,000
houﬁs of leaving at 105°C are shown in Table 1. These
performances were measured at temperatures in a range of 25~30°C.
The electrostatic capaéity was measured at 120 Hz. ESR was
measured at 100 kHz. As the leak current, the current value
'was measured 30 seconds after applying the rated voltage. EE:IC]EI
of the measured values is shown by averaging n = 30 specimens.
The rated specification of the solid electrolytic capac;itor is
6.3WV, 150 pF.



exanples, the electrostatic capacity is 152-154 [err]F, ESR is 28-30 nQ
and |l eak current is 14-15 A Al'so, after 1,000 hours of le@(‘l q%aa 105C,
the capacity change rate (AC) is 2.1-2.5% and ESR change r

1.3-1.5% On the other hand, in the conparative exanple 1, the

el ectrostatic capacity is 121 F, ESRis 75 nferr] or Iess, and | eak
current is 94 A Furthernore, after 1,000 hours of |eaving at 105C, the
capacity change rate (AC) ' is 15% 1%md ' ESR Change rate is 17% 6 April
2004 17 Al'so, the solid electrolytic capacitors in the exanples 3 to 8
show the characteristics of a solid electrolytic capacitor which can be
~obtai ned by changi ng the content rIQfl;dﬁ;ﬂ/.rogal lol in. the carbon | ayer fornng

process. Because the-catbon In\/nr lins 0 paft—t-0—1—8—patrt by wei ght
of pyrodal | ol agai nsp one pa:nittq,l weig of car bbﬁtqsarlt,D@ql é@urﬁha initial
charactgristics obtal ngd, ghe Belf %Qt)raﬂct ell nct ey (g@gﬁr@gy e exanple
2' Furt 1 Milc Y\'JI'\I S ot Al s e At An-pl es

LI L A H Coolrt

mai nt ai nEBntMelnt per fLo2 nan é-e?\ﬂen efter151 000 héu?s of IJeéw ng at high
t enper at lﬁﬁ%ﬁplg 5, t8g ellect rgst atji c q@pam ty _hS71150- 1519 3 [e r]F, ESR
: L .

|

s 21-2 are—ea—eurert—+s—310—4+3—-A-oer—+egs—Aso,——after—1] 000 hours
of | eavi|FsampladsC, | he 8paci ty 2hande r dfe (scrzi8 107-2A6 hnd ESR
change r%&mt,gge(hﬁ 1| 3%1530n tt he ot her| haad, ifn t_hescorrpar@.tgi ve|exanpl e 2,
t he el eckrostatte—capactty 5 126 FESRT S 73 n[ llj 0§ IESS —#nd | eak
“current §ExeBpla S pFurthérflore af"t'ler 0d8 hodrs =6t 71 edui n¥y it {05C, the
capacity E’,@hgmges rate (A@)g I s| 12%3 and ESchharge-—aaBe i|s 1d.% Tlnus, t he

solid el gttrol T CHpaci LoTS{T 1T T ITe presgnt Xanpl s 4r e VE or over
qﬁgp #¥ 4 6 igl %H EB.S %EP

in elect c’ capacit 35| nQ
Example 8 155 24 13 -2.1 1.2
Comparative 121 75 o4 15 .
example 1
.} Comparative 126 72 82 12 1

example 2

As shown in Table 1, the solid electrolytic capacitors in
~ the example 1 and the example 2, contain:l.ng carbon particles
and pyrogallol or catechol in the carbon layer, have better
initial characterls tics than those in the comparative examples.
Further, the solid ele_:ctrolytic capacitors in the present
examples maintain excellent performance even after 1,000 hours
of leaving at high temperatures. That is, in the 'présent
examples, the e.lectrostat:l.c capacity is 152-154 puF, ESR is 28-30
mQ and leak current is 14 15 pA. Also, after 1,000 hours of
leaving at 105°C, the capacity change rate (AC) is 2.1~2.5%,
and ESR change rate is. 1.3-1.5%. On the other hand, in the
comparative example 1, the electrostatic capacity is 121 pF,
ESR is 75 mQ or less, and leak current is 94 pA. Furthermore,
after 1,000 hours of le.aviﬁg at 105°C, the capacity change rate
(ACY is 15%, and ESR change rate is 17%.



or less in ESR, and 20 A or less in'leak current. Furthernore, the. solid
electrolytic capacitors in the present exanples are, afterd&,OO%gﬁgurs of

| eaving at 105C, within 3% in capacity change rate (DC) an fipel 2%in -
ESR change rate. On the other hand, the solid electrolytic capacitors in

t he conparative exanples are 126 [err]F or less in- electrostatic
capacity, 72 mQ or over in ESR and 82 [err]A or over in |eak current.
Further, the solid electrolytic capagitors in the conparative exanpl es,
after 1, 000 hours of leaving at 105C, are 12% or over in capacity change

rate (AC) andiid%Qfe Q\SQEdi&ﬁﬁﬁ%&%ecéﬁé&%%%ﬁ%{h%Oegct%ﬁet'éx§”p' ary

enbodi nent 2: In the exenplary enbodi nent el e yte layer is
f ormed oftca8 chweduichs ¢hapatigmistifireobicherlvbeflegtiralyohs capacahbai n a sol i d

el ectrol yfiiCiC It me_.as. ip.the . ahove exenpl.ary enbodi nent

1. As a %:(%inl tljlc?fp@g)ep%ﬁ/%ie%é P’? ?@axﬁ%’fgeF g%l%o toenﬁsggé’yﬂog%&f‘i ¢ pol ymer
such as pdieyparbohelapet yEdimoipie perocepsol yaBeddures thre Rakhod, 14yethyl ene

di oxyt hi gphene. These cgonductiyve | yners are formed through chem cal
oxi'dgtivecpoﬁloaﬁrr%gr?s%tﬂaér g‘? Gil é)la% y i“@ﬁ?g‘rifoﬁgr@'mﬁ‘?euﬂlrg’ﬂaﬁﬁﬁﬁod of
form ng soled dpekrectvpl weidtayeosd ehrbenndpetiMeLdrn YR CORRELises (a) a
process of inpregnatjing the .surface of dielectric oxide film3, formed on
t he surfacg’@rgFtegb§ 1% e ODt&IPPEdeP v dyP el e t Rhan pGtRafs i ZPngthel uti on
cont ai ni ngripatateveC\WxiatplBNONEr , FaRdnbel t Rele LHPLEIRALLRGo1FRRE Wi th an

~oxidi zing solution containing an oxidizing agent, followed by cleaning
and. recSARAFEEF ARt BN; thind DUSFeRtpr exatrlesf nadsdainngerpelpeotess (a) by

a plural igetfRfrmbhBES .even after 1,000 hours of leaving at high
' temperatures. That is, the electrostatic capacity is 150-159
UF, ESR is 21-25mQ, and leak current is 10-13 WA or less. Also,
after 1,000 hours of leaving at 105°C, the capacity change rate

. (AC) is 1.7-2.1%, and ESR change rate is 0.8-1.3%. On the other
hand, in the comparative example 2, the electrostatic capacity
is 126 pF, ESR is 72 mQ or less, and leak current is 82 pA.

- Furthermore, after 1,000 hours of leaving at 105°C, the capacity
change rate (AC) is 12%, and ESR change rate is 11%.

Thus, the sblid electfolytic capacitors in the present
examples are 150 pF or over in electrostatic capacity, 35 mQ
or less in ESR, and 20 pA or less in leak curreﬁt. Furthermore,

. the solid electrolytic capacitors in the present examples are,
after 1,000 hours of leaving at 105°C, within 3% in capacity
change rate (AC) and withiﬁ 2% in ESR change rate. On the other
hand, the solid electrolytic capacitors in the comparative
examp_lés are 126 UF or less in-electrostatic capacity, 72 mQ
or over in ESR,- and 82 pA -or over in leak current. Further,
the s_o_lid electrolytic capacitors in the comparative examples,
after 1,000 hours of leavingj at ;05°C, are 12% or over in capacity

charige rate (AC) and 11% or over in ESR change rate.



The second nethod of formng solid electrolyte. |ayer 4 of conductive

pol ymer conprises (c) a process of inpregnating the surfac§%§f1gbslectrlc
oxide film3, formed on the surface of positive el ectrode on ﬁnth a
m xed solution containing a heterocyclic nononmer and an oxidi zi ng agent,
and (d) a process of repeating the process (c) by a plurality of tines.
The third, nmethod of formng solid electrolyte |ayer 4 of conductive

pol ymer conprises (e) a process of ifgregnating the surface of dielectric
oxide film3, formed on the surface © positive el ectrode body 2, with a
pol yneri zing solution containing a heterocylic nononmer, and further,

| mpr egnat.in G:éyril 2004 19 sane with an oxidi zi ng sol uti on containing an
oxidizing ék%ﬁ dmerferl: wi.th a mixed sol ution containing a

het erocycl i cIn FIROBREMBNEr@NeR¥d Bt 2298 NS0 1 {9 1100RE Ry 6! 2PLAT and
recovery formation; and (f) a process of repeating the process” (e) by a

pl ur al i t ¥5oFormefk et Ascanfiekive ralivieronoPRe otihel] sopfégerablenso use a
monomer w%@anpa(rsroqlﬁ &i}éeﬁb@iﬁuaea L0 OF Ard- &w%'aﬁe as in the

di oxyt hi ophene. Sol'id el ectrolyte layer conductlve po aving a
rel ati vefpovie ereHEIM iembodimgntbé. obtalned t hr ough chen1ca| oxi dati ve

polyne_r_izatlgp_?errIC RRfd Qkprég¥#ﬁ%%nnggn§ys é%é%éuﬁ? ﬁ |QJZ|ng agents,

for exanpl e, per pernan and ydrogen per oxi de
are enpl byb@lrocycelmcs ppémeablselcmo asseppigpysudiat epollytblopiepef ol uene

~sul fonat gg§?§$E§ db@ %%lsgﬁromﬁT@EYf%E”nHl°xy 10pgeexc_anplary enbodi nent 2

wll be
These conduct:we polymers are formed through chemical

oxidative polymerization of heterocyclic monomers.
The first method of forming solid electrolyte layer 4 of
- conductive polymer comprises (a) a process of impregnating the
.surface of dielectric oxide .film 3, formed on the surface of
. poéitive electrode body 72, with a polymeriziné solution -
containing a heterocylic monomer, and further, impregnating
same with an oxidizing solution containing an oxidizing agent,
‘ 'folJ_.owed by cleaning and recovery formation; and. {b) a p'roéess
of repeating the process (a) by a plurality of times.

The second method of forming solid electrolyte. layer 4 of
conductive polymer compi'ises (c) a process of impregnating the
surface of dielectric oxide £ilm 3, formed on the surface of
positive electrode body 2, with a mixed solution containing
a heterocyclic monomer and an oxidizing agent, and (d) a ]_Srocess
of repeating the process (c) by a plurality of timés.
| The third method of forming solid electrolyte layer 4 of
gonduétive polymer comprises (e) a process of impregnating the
surface of dielectric oxide film 3, formed on the surface of |
posi{:iire electrode body 2, with a polymerizing solution

containing a heterocylic monomer, and further, impregnating



Exanple 21: Firstly, tantalum powder is nolded in a manner such that a
part of tantalumw re is exposed. After that, the noldings &R sl&rbh%red I n
this way, an positive electrode body of 1.4 mmin thickness |
wi dth, and 3.8 mmin length was obtained. The surface of the positive
el ectrode body is subjected to fornmation at 20V by usi ng phosphate
solution. Thus, a dielectric oxide filmwas fornmed as a dielectric |ayer.
The lead wire i's connected to the pogjtive el ectrode body and is exposed
at the surface of the dielectric oxide film Next, the positive el ectrode
body havsampe t-rhlehdirebﬁﬁ:ﬁi'zj:ng @vilde ibhl domiosininmeas edi-diring qogémn;eri zing

sol ution ing 6 ril 20Q4 2 hetero cl.ic no m nut es,
and take?f“%[% a‘f’f'gg %p gﬁgﬁ’%.‘h‘&‘ %R ESH‘?E?%CH%W ene
gl ycol &ﬁkbwman,an@osnuwahkyhn@aaabhal erel3vkkanalye, c eauhiief esaryclic

nmononmer. Pyrrole is used as a heterocyclic nmononmer, After that, the
posi ti ver%cF%‘fﬁIFYogérﬁﬁElyo%a\?Pﬁg(fhé HF%‘F%%? AT TBREJELRY LR BTOSHRdi at el y

i mrer sed ép @5{1 D41z ReySekut i@ | ncl uding an  oxidi zing agent for 10
m nut es, and taken out tﬁer eafter. The oxidizi ng_ sol ution contains
ok

et hyl ene gI VbR hedleocyflandonpaieroust 3§/Hnaferable)to vRe PBIRENER el ect r ode
body wasgglganad X?Q,% olen ?H? SEded, t 0l LGANET Y o0 BBt i gDerfpidoved by

drying at 100C. Ies o ese operations were repeated 10 tines. 1In
t hi s waydiexyidridipdienge pofgiid eateatzolyie elagerokytet | gpeduchkize f or med on

| ;r‘gcf%f@ggyrﬁar Ea%%iBg;Sét}_ie‘i%t%%E%rrgP% %%%uﬁ%'ﬁﬁt té‘{n W bBELiplgt he solid
) yer was. I npregnate t a I ne ution contal ni ng
car bon ptintoedreshemhdapypridakivé poRymegakbbionedt these hebengrebiconpound of
: monomers. . ‘
Also, as oxidizing agents, for example, ferric salt,
- persulfate, permanganate, and hydrogen peroxide are employed.
It is preferable to use iron sulfate or ferric p-toluene
. sulfonate as an oxidizing agent. |
The examples in the exemplary embodiment 2 will be described

-in the following.

Example 21:

Firstly, tantalum powder is molded in & manner such that
a part of tantalum wire is exposed. After that, the moldings
is sintered. In this way, an positive electrode body of 1.4
mm in thickness, 3.0 mm in width, and 3.8 mm in length was
obtained. The surface of thé positive electrode body is
stbjectedtdfbrmationat20betmingphosphatesolutibn. Thus,
a dielectric oxide film was formed as a dielectric layer. The
1ead.ﬁiré is connected to the positive electrode body and is
exposed at the surface of the dielectric oxide fiim

Next the positive electrode body. hav1ng the dielectric

" "oxide film was immersed in a polymer121ng solution containing



chem cal fornmula 1. The al kaline solution contains 2 w% of carbon
particles and 2 wt % of pyrogallol, and anmonia. The solutiop.is %Sj ust ed
to pHLO by ammoni a. The positive el ectrode body i.npregnat eoélﬁp'?ll? fie

al kaline solution was dried at 150C. In this way, a carbon |ayer was
formed on the surface of the solid electrolyte |ayer. After that, a silver
paste conductor |ayer was fornmed on the surface of the carbon |ayer. Thus,
a capacitor elenent was obtained. Negt, a positive electrode term nal was
connected to a tantalumw re. Al so, a negative electrode term nal was

connect ed Héterdegeal b\ RinRe! F0H8 haNFedY aHAi ik HPBIUGHMR asREReSi Ve, '
That is, the negative electrode termnal is connected to the negative

el ect r od&PPaBRITRAT 4R Eohatien wontadnes pibyYLlFaei sy eekiselidighsposed to
cover thg,aapRGIKIA x@aﬁpmale%%oléuﬁ%ﬁ%ﬁg?%d AefefB 8{1@3@%&@%& each of

the positive electrode termnal an e negative electro termnal is
partial | fYrespestsl.uvged tas & Weyeracyolid sbeenenl ytAfitegagdeitt.othkavi ng a

Seanpl o 331 FAPT Breferdad o el ol e ReChIBDSLED BRI AR 570,
using a puomgAdatelngmensedorin et aixiidiginy collendoas inclid@tiagoaycl ic
T RRRLA T oA gLl AR R B B e
obtai n aogabidingl eolnbiyti condpanst @thynenbheyBarel asolutide ahave exanple
L DTl bR B e T TEh RS b b ahta' O Y
and then subjected to recovery formation, followed by drying
at 100°C. A series of these operations were repeated 10 times.
In this way, a éonductive polymer as a solid electrolyte layer
- was formed dn the surface of the positive electrode body.
Next, the surface of the solid electroiyte layer was.
impregnated with alkaline solution containing carbon particles -
and pyrogallol. Pyrogallol contains a benzene'compoﬁnd of
chemical formula 1. The alkaline solution contains 2 wt% of
carbon particles and 2 wt% of pYrogallol, and ammonia.. The
solution is adjuéted to pH10 by ammonia. Thepositive electrode
body impregnated with the alkaline solution was dried at 150°C.
In this way., a carbon léyer was formed on the surface of the
'solid electrolyte layer. After that, a silver paste conductor
layer was formed on the surface of the carbon layer. Thus; a
capacitor element was obfained.

' Next, a positive electrode terminal was conneéted to a
fantalum wire. Also, a negative electrode terminal was
connected to a hegative elect;ode layer by using conductive
adhesive. ' That is, the negative élebtrode terminal is
connédfed.to.the negative electrode iayer'via.the.conductive

adhesive. Facing resin is disposed to cover the capacitor



heterocyclic nmonomer. That is, the solid electrolyte |layer contains
polyaniline formed through polynerization of aniline. The ogheﬁ
configurations to obtain a solid electrolytic capacitor are ﬁWégggﬁe as in
t he above exanple 21. Exanple 24: In this exanple 24, a solid electrolyte
layer is formed by wusing a polynerizing solution containing 3. 4-ethylene
'di oxyt hi ophene as a heterocyclic nononmer. That is, the solid electrolyte

| ayer contains poly-3, 4-ethylene didkythi ophene forned through

pol yneri zation of 3, 4-ethyl ene dioxythiophene. The other configurations

t o obt ai relensolt dned ecinmry kuehC 8RaE| d£th ¥fe thRepsaiei s klebbeodbove
exanple 21. 6 ri.l 2004 22 Copparative exanple 3: . In this conparative
exanple1%3%Fﬁgﬁbéﬁdlﬁ§%rn?%atl Or Fe8°hYod6si HFTaRAL A& Bartiabk of pH O

whi ch condsgoved? WA6tafi Calona aamacéféctmtiicsca?%i%&s%wfn ol ution
does not contain a benzene_conpound represented by the chemcal Tormula 1.
The - ot heit SBBRE odut at PB4 t 3 PEbE 2i-§ =0 4B|GidesIsdop s rapuiapteiedr are the
sanme as in the above exanple 21. Wth respect to the solid electrolytic
capacitors thus obtained in the exanples 21 -- 24 and the conparative
exanpl es Bxamd€ PRicti al characteristics (electrostatic capacity "C',

equi val ent 'seLi @f.l Es5i " ' k " pacity. change
rate "AC' and ESRec an ef%]%?e' lf: elgr rsfllli‘géeg%{e’f lft%g@&eﬁo%rgsg%?m%ieavi ng at
105C ar e howrinan aT@sllameriThege sopetfionnenotsiiing tebephatk ads a

- tenper at yf, 2215 8N38H 9% 35-38%%6.The | ectr.Q tagic capaci ty was neasured

at 120 Hz. Eéﬁ %%s nBasurad: at ﬁaHzF%ﬁssf%éalg ﬁcsﬁ?g%ﬁ?,fé¥%Fcurrent

val ue contains polythiophene formed through polymerization of '
thiophene. The other configurations to obtain a solid

electrolytic capacitor are the same as in the above example 21.

Example 23:

In this example 23, a solid electrolyte layer is formed by
using a polymerizing solution containing aniline as a
heterocyclic monomer. That is, the solid electrolyte layer
contains polyaniline formed through polymerization of aniline.
The other configurations to obtain a solid electrolytic

capacitoi: are the same as in the above example 21.

Example 24:

' In this example 24, a solid electrolyte layer is formed'by
using a polymerizing solution containing 3. 4-ethylene
dioxythiophene as a heterocyclic monomer. That is,.the solid
electrolyt_e layer coﬁtains poly-3, 4-ethylene dioxythiophene

_ forméd through polymerization of 3, 4-ethylene dioxythiophene.
" The other configﬁrations to obtain a solid electfolyfié

capacitor are the same as in the above example 21.



was neasured 30 seconds after applying the rated voltage. Each of the
neasured val ues is shown by averaging n = 30 speci nens. Hefg l@@O ating
of the solid electrolytic capacitor is 6.3W, 150 [err]F APEED0M i ¢ al
val uesAfter 1,000 hours C (F)ESR (nC»LC (IA)AC ($)tESR (% Exanple

211522011- 1. 81. 0 Exanpl e 221542110-1.91.1 Exanple. 231532011-1.81.1 Exanple
24158189- 1. 60. 8 Conparative 1268282- 1112 exanple 3 6 April 2004 23 As shown
in Table 2, the solid electrolytic c@Bacitors in the exanples 21 to 24,
cont ai ning carbon particles and pyrogallol or catechol in the carbon

| ayer, hagéempetdeivd niddmplie gharacteristics than those in the conparative
exanpl e. Further the solid electrolytic capacitors in the present

exanpl es naitht mseﬁm?@ﬁl‘ﬁeﬁf‘%%ﬁ&- SVeRCRAn dRYEXobo fivamed W | eavi ng

at high tespes a3 neThetut Son b 15@@0 wh%ﬁn&o@e@ﬁ@ 8Swt s EecgleGi rostatic
capacity is 152-158 F, ESRis .18--2 eak cur-rent 1s 9-11 (LKk.

Al so, af t BRF8igbes hodratots| ddg ﬁékaém&oés@uttm dapaciaty consage g ate (AQ
is 1.6-1. 8¢, and %oﬁr&aﬁgﬁgégéﬁtéé %E%hje E%ém%?ai h@o%‘%}":}. elN the

conparative exanple 3, ectrostdatic capacify is Ts 82 MQ
or |ess, ahder@dofdguretions 182 cWaaifua tdvdhidoe kectafdiartil, Gaﬁachtmr s of

eaving aLrd0Be il SEPTE LhooUBRUE LHBRALTL! S 1%

With respect to the solid electrolytic capacitors thus
obtained in the examples 21 ~ 24 and the comparétive examples
3, the initial characteristics (electrostatic capacity "C",
equivalent series resistance "ESR", 1leak current "LC"),
capacity change rate "AC" and ESR change rate "AESR" after 1,000
hours of leaving at lOS‘_’C are shown in Table 2. These
performances were measured at temperatures in a range of 25~30°C.
The electrostatic capacity was measured at 120 Hz. ESR was
‘measured at 100 kHz. As the leak current, the current value
was measured 30 seconds after applying the rated voltage. Each
of the measured values is shown by averaging n = 30 specimens.

Here, the rating of the so0lid electrolytic capacitor is 6.3WV,

150 pF.
Table 2

Initial values After 1,000 hours

C (uF) ESR (mQ) | LC (pa) AC (%) AESR (%)
Example 21 152 | 20 11 -1.8 1.0
Example 22 . 154 o 21 10 . -1.9 1.1
Example 23 153 20 11 | ~1.8 1.1
Example 24 158 18 9 -1.6 0.8

. |Comparative ' ’

Jexampie 3 126 82 - 82 -;17 12




and ESR change rate is 12% Thus, the solid electrolyte capacitors in the
exanples 21 to 24 have better initial characteristics than é‘goaez h[(ﬂ t he
conparative exanple, and are also |ower in capacity change r R 3 ESR
change rate after 1,000 hours of leaving at 105 as conpared with the
conparative exanple. .Exenplary enbodinment 3: Fig. 2 is a perspective view,
partially broken away, showing the configuration of a solid electrolytic
capacitor in the -exenplary embodimeh? 3 of the present invention. In Fig.
2, the solid electrolytic capacitor conprises a positive electrode body
21 havi.ng a %% A%eFr LB bR 4. ithe2solid wdegsnedrtidi copadsioapein23, a
soli.d el r,,)ég&)lye'z a, pegat.i . el ect I 25 an_insul ation
resi st Z%étgrm' néle%ne%e%?) %EA %%)él&%lg%ésf é{:a%g)gmr :éfﬂr-ltjzéie ﬁfb il 2004 24
The posi P¥vegal kel podeatrotho Rinithed oankedn dbyatrumawenbéotér iastvalve netal,

d t-h 1 ) dy i h- d. _Th lum foil
Curt ace PRerarhe R RS R0KeL HEY CArpRre T e Sxemeter SHEKREE 1 ace of

the al unthemsbdiil eillecsubjletiedchpabatonsi on, thedpredealteekangloxide film
22 is for n'eg on t he ?égn%num foil surface. The insulation resist 20
i s di spoBBt" 13 SefAFEIE T he PEFGRIFRARFPoFVEPNAS T84T pbs1qd vROURS e@frode
portion aesvingegatigtet@hpidtadeor rhed isThial thé prebhftakdbaum foil is
separ at eg i nto ositive el ectrode’ ortion and a negative el ectrode
portion BYeHEITOFEAEIGcapastiy 15015 HEs &S &% He-3ap&d- 28dand sol i d
-electrol yégk d@ynt?4sane1iopied oisd hashegal | yfo haetd Qe 1RakEAgn of the
alumnumfoil. That is, the negative el ectrode portion
at 105°C, the capacity change rate (AC) is 1.6-1.8%, and ESR
change rate is 0.8-1.1%. On the other hand, in the comparative
example 3, the electrostatic capacity is 126 uF, ESR is 82 mQ
. or less, and leak current is 82 uA. Furthermbre, after 1,006
“hours of leaving at 105°C, the capacity change rate (AC) is 11%,
and ESR change rate is 12%.
Thus, the solid electrolyte capacitors in .the examples 21
to 24 have better initial characteristics than those in the
comparative example, and are also lower in capacity change rate

and ESR’ change rate after 1,000 hours of leaving at 105° as

compared with the comparative example.

- Exemplary embodiment 3:

Fig. 2 is a perspective view, partially brokeﬁ away, showing
the configuration of a solid electrolytic capacitor in the
‘exemplary embodiment 3 of the present invention. in Fig. 2,
the solid e;Le;:trolytic capacitor comprises a': positive
electrode body 21 having a dielectric oxide £ilm 22, a mangahese
dioxide layer 23, a solid electrolyte layer 24, a negative
electrode layer 25, an insulation resist 20, terminal member.

26A, 26B, and facing resin 27.



I ncl udes the manganese dioxide |layer 23 and the solid electrolyte |ayer

24. As solid electrolyte |ayer 24, a- conductive polyner sugﬂA 0

pol ypyrrol e, polythi ophene or polyaniline is enployed. The @iéﬁgg

el ectrode - layer 25 is arranged over the solid electrolyte |layer 24. The -
negative electrode layer 25 includes a carbon |layer, and silver paste as
a conductor layer. A capacitor elenergsais configured in this way. Using a
single or, a plurality of such capacitor el enents | am nated, the term nal

T men a5 DR S IS BT b2 B RS RIS

that, thesf@aeilrg mesan, AR4i ShﬁDbdedtSOeaSelé)cCﬁN@é bd@y capachigi- el enent .
Thus, a solid electrolytic capacitqQr is forned The nanganese d|0X|de

| ayei 235PEERGPAed CRPoSIH ARPRodSdd DG chat PREP THE FEEY |

el ectrodetbadyigi tAFt@NGRARS e thRi tHALR SOMHIOBDE FHR' AGARSnGH Mlural
drying, followed by a process of-thermal deconposition at 300C.' 6 Apri

2004 25 A€ ﬁgbaﬁ%e%o&mr@atté%rﬁpé ré&iekratinie (ofjide Fadmng2 ais

conduct i ¥ iREEEA FneSHEin AR £6Q008GEEYE POTKERY n 081 4 PFor ik 1 sk P! ace of a
manganese di oxide layer.. The ,solid electrolyte layer having a conductive

pol ynmer #§ dﬂ@@@ﬁédtﬁpoﬁgnaEﬂéettbﬁy@i@mp@¢Wn§¢1kaihbﬂ oh RofiEtiveocyclic

mononer . e/i%c%reagfg ;}gﬁ@rﬂ gfhdfmﬁaresec{mfe% &‘é@f@&ee garﬁonpr%%&aﬂe to use a

monomer such as p an| I NE, et hyl
. d|oxyth|¢phe@éum8yumxﬁdailue p@b@wateﬂaunmn aofp@hésevhetelecynddai

o B i AR s Ao, PR, e e v e
resist 20. Manganese dioxide layer 23 and sclid electrolyte
layer 24 are formed on the negative electrode portion of the

. aluminum foil. That is, the negative electrode portion
- includes the manganese dioxide layer 23 and the solid
electrolyte layer 24. As solid electrolyte layer 24, a
QOnductive polymer such as polypyrrole, pelythiophene or
polyaniline is employed. The negative electrode . layer 25 is
‘afranged over the solid electrolyte layef 24. The negative
electrode layer 25 includes a carbon layer, and silver paste
as a conductor layer. A capacitor element is configured in this
way. Using a single oi“a.pIurality'of such capacitor elements
laminated, the terminal member 263 is connected to the positive
electrode portion, and the terminal member 26B is connected to
the negative electrode portion. After that, the facing resin
27 is molded so as to cover the capacitor element. Thus ., asolid
electrolytic capacitor is formed
The manganese dioxide layer 23 is formed through a process
of impregnating the p031t1ve electrode body with manganese
nitrate solution, a process of natural drying, followed by a

process of thermal decomposition at 300°C..~



For exanple, in a polynerizing solution including a heterocyclic nmonomer

such as pyrrole, applying an electric field thereto from anqutezroﬁﬁl
el ectrode results in electrolytic polynerization.of .the pyr ! er eby

formng polypyrrole. In this way, a solid electrolytic capacitor having
excel l ent characteristics can be .reliably obtained in a relatively short
period of time. Also, the carbon | ayer pmy be forned according to the sane,
nmet hod as in the above exenplary enbodi nent 1. Exanples in the exenplary
enbodi ment 3 willtl iseadescpobeiblé rta forfohl pré ngoat F@ MR 3hay

surface-ro CIRY creased LN surface area by a out™ 125
ti mes was formeg 6‘ ee%ﬁg%ggh%ué%r o COPIRPERY A UPR L35t oFsthepbike i ve
el ectrode Bé’d;PlaA# Phisal mengeneesi eio:tﬁp@ lappseaf fixed to the alum num foil

to separate theg,alu I |nto a negative el ectrode portion and a
positive electro %e %%#?lg%trl‘)n%?sjr%r[ ﬂ‘@"ﬂ)ﬁglat Feedertive pddyhedyis of a

capaci t or @%pneldl tEQO‘ngZGebéem i Podkee
i i B.HH%:%;*{' %gbﬁgtql }ch]g{cfn nut es.

sol ution, REI2V. pI| d to the positi.ve electr
The effectlve area 0 tﬁeeib ﬁqqyé:lé-lcedﬁqflfd@rbod?OISGSanhm xi8. .4 nm

The concenbrgfierabde tanupaiamosbiese8e 3 %ﬁ!ﬁ%}m €t fltion i 3 wt %
and the terg}eéatijrec rsl the_solution is 705 Thus, %1?1 OXI e Wf]rﬁ
posi tive el ectfode wae F6r At<gErIophang ecByi QXidaat;de're pbtmﬁeriﬁﬂ:i&ﬁzsl tive

el ectrode lofdyhhagi ngtéhecyxi 1 rdno n RY Ct s..| mrer sed
.into 20 thé ggegangge nitrate solnu?i:eg% atEQZ (i %W?J\Mas t aken
t

out 1t herea ain solid electrolyte layer 4 of conduct:.ve polymer
having high conductivity.
For example, in a polymerrzing solution including a
heterocyclic monomer such as pyrrole, applying an electric
':EieJ‘.d thereto from an external electrode resulte in
eleci_:rolytic polymerization of the pyrrole, thereby forming
Polypyrrole. In this way, a solid electrolytic capac:.tor
having excellent characteristics can be rellably obtained in
.@ relatively short period of time.
Also, the carbon layer may be formed according to the same

method as in the above exemplary embodiment 1.

Examples in the eéxXemplary embodiment 3 will be described
~in the following." A

Example 31:

| A surface- roughened alum:.num foil increased in surface area
by about 125 times was formed by etching the surface of aluminum
:E011 as a- positive electrode body. An insulative resist tape
was afflxed to the aluminum foil to separate the aluminum foil
J.nto a2 negative electrode portion and a positive electrode

portlon Immersing the positive electrode body of a capacitor



After that, excess part of the manganese nitrate solution sticking to the
surface of- the positive el ectrode body having the oxide. fi '%Oﬂgﬁ'ﬁg' tive
el ectrode was bl own away by air. Subsequently, the positive de body
noi stened with manganese nitrate solution was treated at 300C for 5

m nutes, increasing the tenperature at a speed of over 250C within one
m nute. Thus, the nanganese nitrate sglution was thermally deconposed and
then a. solid electrolyte | ayer of anese dioxide was fornmed on the

surface of the dielectric layer. Next, the positive. electrode body having

the di el erdnidrx 1hea%n@muﬁ%iﬁ&@ﬂo%wma§£%eﬂt%y§6w\@§od MBBES6G A an

ammoni um di hydrogen phosphat e "sol uti on %in concentration and 70C
in |iquidPRigmsertat the, papdtiven electoviedodipflored ot inhtes podie ve

el eot 1 ode 00k JOLoLY 81 WLLR oL DY £0Y BALIAITLAGy 1€ 7 g ol reat ment

Subsequently, a SO|Id el ectr con I've po
pol ypyr rmﬂle f iThe wesnéenimadigm  ofie amngaumseiidhiy@xiodenl ag&msm:;aﬁehe

above- ng C t ol yneriz t| on e surface of
the sol i Ei)tqlr %Jff(k\)t te3 &%”eégﬁé:gl yer%ega gfs&n\r;ﬁ% S&FE&FPH@“S l(; ¢ §ti on

cont ai ni'rtg.ls:.aramm}mﬂet ifilles o AprsiiltiR804e Pactaruliepwaagadraled Byr @gal l ol is
used as & gvﬁ%ene Q ound of chemcal formula 2. The al kaline solution

cont ai N5 W% SOn particles and 2 wt % of pyrogallol, and anmoni a.

The sol uti avesdts &dJeU§beﬂti@e pEi@ckyoasmeuiy hatiagPese t byaielAaty ode body
|rrpregnatede h the al kaline solution was dried at 150C. In this way, a
carbon IBBPEWESVE Sﬁ‘ﬁﬁﬁrBﬂet"ﬁ@ Tiarsed Prta FR vEdmarasreserditrade ayer. In

that casgoldfiiCarbep°d el 3 SePdid)S afladvdaitakt ¥Rt Htefasyrogal | ol
-against tptneer p@hat byexcess part of the mangafgese nitrate solution
sticking to the surface of the positive electrode body having
"the oxide film on positive electrode was blown away bj} air.
'Subsequently, the pos:LtJ.ve electrode body moistened with
- manganese nitrate solut:.on was treated at 300°C for 5 ma.nutes
increasing the temperature at a speed of over 250°C within one
'fninute. Thus, the manganese nitrate solution was thermally
. decomposed and then a solid electrolyte layer of manganese
dioxide was forined on the surface of the dielectric layer.
Next, the positive _electrode body having the dielectric
layer and solid electrolyte layer was immersed in an ammonium
‘"dihydrogen phosphate solution, 3 wt$ in E:oncentration and 70°C
in liquid temperature, and then, DCl0V was applied to the
positive electrode body -for‘lo minutes, thereby performing
ré-formation treatment. Subsequently, a solid electrolyte
layer‘of conductive polymer of polypyrrole £ilm was formed on
the manganese dibxide layer by the above-mentioned electrolyfic
polymerization method.
Next, the surface of. the solid electrolyte layer was

impregnated with alkaline solution containing carbon particleé



wei ght of carbon particles. After that, a silver paste conductor | ayer was
formed on the surface of the carbon layer. In this way, gaal.llc%t?@ | ayer
on negative electrode was forned. Thus, a capacitor el errent d flal ned.
Alead wwire was |led fromeach of the positive el ectrode body and the.
conductor | ayer on negative electrode . After that, facing resinis

di sposed so as to cover the capacitor elenent. Thus, a solid electrolytic
capacitor having a shape of 7.3 nmx 3 mmx 2.8 nmin dinmension was
manuf actured. Exanple 32: In this exanple 32, a carbon |ayer is fornmed by
using aldeal bﬁ}eogew&ionp?frog'alh@owgmmta@l ASbén M4 céon&ﬁ;daﬁnogpart icles
and 9 wt % of pyrogal |l ol n this case, the carbon | ayer contai ned one part
by wei ghtcwl@&ﬂbgﬂnp‘ahﬂcl e?hanﬁl&a@nmépﬂuﬁyomgmams ;fymt@ablfol The

ot her-co a y are t he sane
as in therga]lg%%v%hgggﬁ%ge &b&%cgqn%afo% Ip&r%égi%{)) e élrlzl&lﬁpﬁﬁs corrpar ative
exanpl e &olatdgrbionadiysted !;Ofpﬂirlﬁéli’ ihlgmoru!s: ngThé babtinéve@lmtcrtmndef pH O

whi ch co % r 2004 artigcles t he

al kal i nerﬂsgd:w%m‘g gﬁfbge%dn% QQC ntar T ailrb %lelﬁelorg‘r%sgun 5%8% t’he :

chem cal Trorthuikawdy . Tme:a:iﬂw lagenf wgmrﬂimmﬂs@otl@@t@ﬁ&b@@lﬂ @he

el ectrol yti.c .capaci,tor,_are the sa I.n the above exanmple.31. Wth
respect toltlﬁlg St éﬂ%@t FANEC ﬁba%fattor%aﬁ%sth%bf’ﬁ?:ﬂgﬂ "AYBhe exanpl es
31, 32 alﬁbdﬁaﬂn(soaparﬁtﬁﬁlﬂyewaﬂ@h‘e ok pytb§allvl iaaki6baro6é §fdal bgs

~(electrostati (_‘E ca aC| tg/ gw val ent_series resistance "ESR', | eak
current "™ on partl les. After that, a silver paste

conductor layer was formed on the surface of the carbon layer.
In this way, a conductor layer on negative electrode was
formed. Thus, a capacitor element was obtained. A lead wire
" was led from each of the positive electrode body and the.
 conductor layer on negative electrode . After thét, facing
- resin is disposed so as to cover the capacitor element. Thus,
a solid electrolytic capacitor having a shape of 7.3 mm x 4.3

mm x 2.8 mm in dimension was manufactured.

Example 32:

In this example 32, a carbon layer 1s formed by using
alkaline solution of pH10 which contains S wt¥ of carbon
particles and 9 wt% of pyrogallol. In this. case, the carbon
layer contained one part by'WElght of carbon particles and 1.8
part by weight of pyrogallol. The other. configurations to
6btain a solid electrolytic capacitor are the same as in the

above  example 31.

Cbmparative example 4:
In this comparative example 4, a carbon layer is formed by

using alkaline solution of pH10 which contains 5 wt% of carbon



capacity change rate "AC' and ESR change rate "AESR' after 1, 000 hours of
| eaving at 105C are shown in Table 1. These perfornances Mﬁ% ﬂﬁ@gﬂred at
tenperatures of 25 to 30C. The electrostatic capacity was R at 120
Hz. ESR was neasured at 100 kHz. As the leak current, the current val ue
was neasured 30 seconds after applying the rated voltage. Each of the
nmeasured val ues i s shown by averaging n = 30 specinens. The rating of the
solid electrolytic capacitor is 6.3W8 22 F. Table 3 Initial val uesAfter
~ 1,000 hours C (SF)ESR (nmQ LC (VA) AC ($)LESR ($) Exanple 31222578-1.55.5

Exanpl e 32242&18sl. 1Fhak Genpanatamea 2k328018t184 &AL doASashaan in
Table 3, the solid electraolytic cagﬁfltors in the' exanple 31 and the

exanpl e ZENZEGT SPRPAYRE SR R thhel ekemberl Harawdla &l ofheatdtel in the

carbon | ayssidtdue ibaEHeS obPhih al s @Qé@f:ﬂ'cﬁ}}ﬁ% EQ?‘QC.’L@CQ.SSI‘ nhe
conparatlve exanple 4. Further, the solid eléctrolytic capaC|tors in the

present' THES 120@h329b@Y%n%$%@P#ﬁu3ﬁzu n excel l ent perfornmance even after
1,000 hours of leaving at high tenperatures. That is, in the present

exanpl es, the electrostatic capacity is 22-24 F, ESR is 25-28 nQ and | eak
current is 7&iAkh AB§D€C§f¢ertb80®©lhduaseotr01¥¥ﬂdrmppacﬂMHﬁE HHwe capacity

e e R LOuIE shodoe 2, SRS B s L
21[err]F'tn§3R1n1t1al characteristics (electrostatic 'capacity “C~”,
eduivalent series resistance "ESR", leak current “LC"),
cépacity change rate "AC" and ESR change rate "AESR" after 1 , 000
hours of leaving at 105°C are shown in Table 1. These
performances were measured at temperatures of 25 to 30°C. The
electrostatic capacity was measuredat 120 Hz. ESR was measured
" at 100 kHz. As the leak cur;:ent, the current value was measured
30 seconds after applying the rated voltage. Each of the-
measured values is shown by averaging n = 30 specimens. The

- rating of the solid electrolytic capacitor is 6.3WV, 22 uF.

Table 3
Initial values After 1,000 hours
C (pF) |ESR {mQ) | LC (ua} AC (%) | AESR (%)
Example 31 22 25 78 -1.5 5.5
Example 32 24 28 78 ~1.1 5.3
Comparative ' '
example 4 21 32 80 -5.1 | 21

As shown in Table 3, the solid electrolytic capacitors in
the example 31 and the example 32, containing carbon particles -
and pyrogalliol or cafechel in the carbon layer, have better
initial characteristics than those in the. comparatlve example

4. Further, the solid electrolytic capacitors in the present



Is 32 m or less, and |leak current is 80 VA. Furthernore, after 1, 000
hours of |eaving at 105.C, the capacity change ' rate- (AQ is‘liqil’g(" and
ESR change rate is 21% Thus, the solid el ectrolytic -capaci t%ﬁgni he
present exanples 31 and 32 have better initial characteristics than those
in the conparative exanple. Further, the capacity change rate and ESR
change rate after 1,000 hours of leaving at 105C are smaller than those in
the conparative exanple. Particularly, wth respect to the capacity change
rate and ESR change rate after 1,000 hours of |eaving at 105C, the solid

. el ect r ol eptdnp 1eAPAE A B £ bRch NEeRf @SLBLRX P 98 ndd £ SR b6 nopan those in
the conparatjve exanple. As described above, due to the configuration of

-the pres¥ntledrivishtdoligheteBreiiitucsger 8Bali A6d i1 ftihee paedendi f or m

Accor di n@pamdiee ,CoRt a0l 1892 hRNE L ARIIREN: & 18 50! jf  pakert el yke | ayer
and the carbon layer is reduced, and the “contact resistance between the
carbon |-d¥fér amd lerk comuenttoris |78y¢A.i sAl¥so afthredd 008 boursswelft, it is

possi bl e i | .4 el t] paclto suri-ng exgel | ent
equi val en%&‘ggltrg? g[sE r1 gg?‘tg't écglge c?éék%%aéha%&%%r ?(s%t %CE?eZn%g cld%a%'tgg !
utilizatiaond fEER @han@eAgake 2608.346 Wiat Os thei otlder shanti, Ansahied

o oot o ARG Bl UL 0h el SNBSS 0500 R
sol i d el ect B2InR o byes, hodmekioouthentsils feacen of Faaithermbet pelfiteg | ayer;
: 1;000 hours of leaving at 105°C, the capacity change rate (AC)
is 5.1%, and ESR change rate is 21%. |
Thus, the solid electrolytic capécitors in the present

examples 31 and 32 have better initial characteristics than
those in the comparative example. Further, the capacity change
rate and ESR change rate after 1,000 hours of leaving at 105°C

. are smaller than .those in the comparative exampile. -
Particularly, with respect to the capacify‘change,rate and ESR
change rate after 1,000 hours of leaving at 105°C, the solid
electrolytic capacitors in the present examples are smaller
than those in the comparative example.

As described above, due to the configuration of the present

invention, the carbonAlayer obtained is fine and uniform.
_Accordingly, the contact resistance between the solid
électrolyte layer and the carbon layer is reduced, and the
contact resistance betweén the carbon layer and the conductoxr
Iayer is also reduced. As s result, it is possible to obtain
a so;id electrolytic capacitor assuring excellent equivalent
series resistance (ESR characteristics) and capacity

utilization factpr.



~a negative electrode | ayer disposed on the surface of said .solid
electrolyte layer; a positive el ectrode term nal electricall% coqﬂﬁ&ted to
said positive el ectrode body; and a negative el ectrode term 4pri

el ectrically connected to said negative electrode |ayer, wherein said
negative el ectrode | ayer includes a carbon. Ilayer, and said carbon |ayer
contains carbon particles- ' and a benzene conpound represented by
chenical formula 1, where each of R13°R2, R3, and R4 has' H, OH group,
COCH grou or al kyl roup. Chemcal fornmula 1 OHR2 6 April 2004 31 2.
The solidBB?Ec%?d? jPEgEéﬁﬁcitor as defined in claimi1, wherein said
positive el ectrode body includes valve netal, and said dielectric |ayer
includes a dielectric oxide film formed by oxidation of said valve netal.
3. The solt d %elsedddok}ertrebyphit teapaas toef, | petlprhsthgi m 1, wherein said

negative elecérq%%J r | ncludes a conductor |ayer, said carbon
| ayer is dispose §ﬁ§¥ﬁ% é%%%égégéﬁbqgi'd dielectric layer, and said -

conduct or | ayrdiledegitsposkayen fdrmedust atre atirsacd of ¥ienpbayeive4. The
solid ele {c.capacitor as defined in claim1, wherein said positive
electrodeggégéy%éﬁﬂqﬁygg valve netal; said dielectric layer includes a
di'el ectric oxadmXid mlectrolyte layer formed on the surface of said

dielectric layer;
'A @ negative electrode layer disposed on the surface of said
' so0lid electrolfte'layer; . .

a positive electrode termin&l electrically connected to
said positive electrode body; and

a negative electrode terminal electr;cally connected to
said negative electrode 1layer, |

wherein said negative electrode layer includes a carbon
layer, and said carbon layer contains carbon particles, and a
benzehe compound represented by chemical formula 1, where each

‘of R1, R2, R3, and R4 has H, OH group, COOH group, or alkyl
group.

Chemical formula 1




formed by oxidation of said valve netal; said negative el ectrode ‘| ayer
further includes a conductor |ayer; said carbon |ayer is dig-Oﬁ%ﬂ qn t he
~surface of said dielectric oxide film and said conductor | 5@? 09

di sposed on the surface of said carbon layer. 5. The solid electrolytic
capacitor as defined in claim1, further conprising facing resin, wherein
said facing resin is disposed so as to cover said positive el ectrode body,
said- solid electrolyte layer, and s&ild negative electrode layer, in a
state such that each of said positive electrode termnal and said negative

el ectrodez 6 Mpei bo20d4e Bitthrerlyitial chpapatbi add yaexnosed 4 ramithe faci ng
resin. 6. The_,solid ele‘trolgtic capacitor as defined in claim1l, further

conpri sing f ARRGPET . PARLIETR dach=peeirqdreivrLbtes Jali6dye takl udes _
val ve netatd ssum didilekeelti Cahayeinknchakles @idiobectidi G dafif!l m  said
negative gl ect gge Ia%er_further includes a conductor |ayer; sald carbon
| ayer is 5§$%£ d GXLHARIQR PR TR} Vedive BrER&etric oxide film said
conductor |ayer is disposed on the surface of said carbon layer; and in a
state such that each of said positive electrode termnal and said negative
el ectrode® t eFAPnEPLIS Phaatimalivficdcapasitior sas didfigiew) imesilaiis 1di sposed so
as Ejo cover SaledeiROShidVife RlERH 088e0PNae SFhPesOkL L EC I ViL 1 aver and
sai ' -

a conductor layer, . :

' said carbon layer is disposed on the surface of said

dielectric layer, and

said conductor layer is disposed on the surface of said

carbon layer.

4. The solid electrolytic capacitor as defined in claim 1,
wherein said positive electrode body includes valve metal; -
said dielectric layer includes a dielectric oxide film

- formed by oxidation of said valve metal; A
. said negative electrode layer further includes a conductor
layer; '
said carbon layer is'disposed on the surface of said
dielectric oxide film;'and

said conductor layer is disposed on the surface of said:

.carbon layer.

5. The solid electrolytic capacitor as defined in claim 1,
further comprising. facihg resin,

wherein said facing resin is disposed sc as to cover said
positiﬁeelectrodebody,saidsolidelectrolyte1ayer,andsaid
negative electrode layer, in a state such that each of said

positive electrode terminal and said negative electrode



negative electrode layer. 7. The solid electrolytic capacitor as defined in
claim1l, wherein said carbon |ayer eontains one part by mei@gy1ggwgaid
carbon particles and 0.1 part to 1.8 part by weight of said ”HBR

conpound. 8. The solid electrolytic capacitor as defined in claim]1,
wherei n said benzene conpound contains at |east one of catechol and
pyrogallol. 9. The solid electrolytic capacitor as defined in claim1,
wherein said solid electrolyte |ayer contains nanganese dioxide. 6 Apri
2004 33 10. The solid electrolytic ca@2acitor as defined in claim1,

wherein said solid electrolyte. [ ayer includes a conductive polynmer forned
of at | esstmbdnal hicd graoctyicllily emposed Soact ede fAa@Amigherggup consi sting of
pyrrol e, thiophene, aniline, and 3,. 4-ethylene dioxythiophene. .11. The
solid electrolytic capacitor as defined in claiml1l, wherein said positive

el ectrode.borhe isoifier madcotoditieasipOreraf d Jaerahvd ARt akataving a
roughened surface and (ii) valve netal sintered into porous netal. 12. Thé

solid el EEFFBRYt FURLISHGS oF 28NGHSHEY in claim 1, wherein said positive

el ectrode bogesdid HE@a RIS 1 DM EHE BobPUIRANGL sSHHTACRe t SR d
dielectric layer includes a dielectric oxide filmforned by surface

oxi dat i on -of S8 FikaftFdM legerainelpdes|zdiedieptirdccapdde tHilmconpri si ng:
a bosillve chattnadarbodie lQitd.olayal ¥&riBLAlind udks! £EbRAGL3E de il m
layer:
. said carbon layer is disposed on the surface of said
dielectric oxide £ilm;
said conductor layer is disposed on the surface of said
_ carbon layer; and
in a state such ﬁhat each of said positive electrode
' terminal and said negative electrode terminal is partially
"disposed, said facing resin is disposed so as to cover said
p‘ositive‘ electrode body, said solid electrolyte layer and said

negative electrode layer.

7. The so0lid electrolytic capacitor as defined in claim 1,
- wherein said carbon layer contains one part by weight of
said carbon particles and 0.1 part to 1.8 part by weight of said

benzene compound.

8. The solid electrolytic capacitor as defined in c¢laim 1,
~wherein said benzene compound contains at least one of

catechol and-pyrogallol.

9. The solid electrolytic capacitor as defined in claim 1,
wherein said solid electrolyte layer contains manganese

~ dioxide.



positive el ectrode body; a solid electrolyte |ayer disposed on the surface
of said dielectric oxide film a negative el ectrode |ayer qéﬁﬁﬂagﬁﬁon t he
surface of said solid electrolyte |layer; a positive electrode™té na
electrically connected to said positive el ectrode body; a negative

el ectrode term nal electrically connected to said negative el ectrode
layer; and 6 April 2004 34 facing resin disposed in a state such that each
of said positive electrode term nal and said negative el ectrode term nal,
is partially exposed, wherein said neggtive el ectrode | ayer includes a
carbon |ayer, and said carbon |ayer ntains carbon particles and a
benzene conpound represented by the chemical fornula 1, where each of Ri1,

R2, R3, '1@ndTR4 Basidhe QHAYRic 8L O4P asPle@li k¥l 9hO0UPain Ghem cal
formula 1 OH R2 14. A nethod for manufacturing a solid electrolytic.

capacitor, COWRFES $RL4 Relifapedrolyay ¥ayen Apcudes at¢emdugdtdote ode body;
(b). form | I el r f; .sal PRy ectrode
body: ()} Tormen SCZRED, 65| &Y Heedh, BRE RL ARG Tuc LIRSS Sdiedd,

di el ect r i Eromde; axelp foonsiisgiag nefatvinrelel ethiapheregyenibhne hearsur f ace of.
said : -

3, 4-ethylene dioxythiophene.
.1‘1.‘ The solid electrolYt_ic capacitor as defiﬁéd in claim 1,
wherein said positive electrode body is formed of at least

"one of (i)valve metal having a roughened surface and (ii)valve

metal sintered into porous metal.

12. The solid electrblytic capacitor as defined in claim 1,
wherein said positive electrode body includes aluminum

" haging a roughened surface, . |
said dielectric layer includes a dielectric oxide film

 formed by surface oxidation of said aluminum.

13. A solid electrolytic capacitor, comprising: |

a positive electrode hody formed of valve metal;

a dielectric oxide £ilm disposed on the surface 6f said

positive electrode bodﬁr: |

a solid electrolyte layer disposed on the surface of SEE'I.id
dielectric oxide film; |
- anegative electrode layer disposed on the surface of said
solid electrolyte layer; _

a positive electrode terminal electrically connected to
said positive electrode '_pody;
' a negative electrode terminal electrically connected to

said negative electrode layer; and



solid electrolyte layer, wherein said negative electrode |layer includes a
carbon |ayer, and said carbon |ayer includes carbon particlfi qgﬂﬂg
‘benzene 6 April 2004 35 conpound represented by the chem ca P a 1;

(e) electrically connecting a, positive electrode termnal to said
positive el ectrode body; (f) electrically connecting a negative el ectrode
termnal to said negative electrode Jayer; and (g) disposing facing resin
whi ch covers said positive electrod§4body, said dielectric |ayer, said
solid electrggxtg IQ%§{, and sajd negative el ectrode |ayer, where each of
Rl, R2, R3, and RERES HIH95DIE 20O6RTEr BUpR Hhatl 4340 ffownidCheni cal
formul a boekitRRe 15e13bersabhad rivghal Mnul aghw ifigA 8 | dAlastyl ytic
capacitor_as_defiped in claim 14, wherein the step of formng said positive:
el ect r odd®HBHY> i 7| RARSI ALY eprrstsedi-nt eri ng val ve netal into porous netal,
and the steghetei®rdding e Ba TINCY A a LNg t of formng a
di el ectric oxide fiIn1thP%%§%lg§i52%%§%%g% ?%geksgbgggéegfgégﬁﬁm5hlve
netal . 162Y¢Re #dhod for manufacturing a solid electrolytic capacitor as

.dlef i n9d6i chblaitg’o%a}’b??‘é‘piﬁ‘?iag é@ﬁtﬁn%ocggbggrﬂgr%caaésdaplggaatble\ﬁeze%lee(:t rode ..
ayer ri

compound represented by the chemical formula 1, where each of

R1, R2, R3, 'and R4 has H, OH group, COOH group, or alkyl group.

Chemical formula 1

OH

R2

14. Amethod for manufacturing a solid electrolytic capacitor,
comprising the steps of:
(a) forming a positive electrode body;
(b} forming a dielectric layer on the surface of said positive
‘electrode body: '
(¢) forming a solid electrolyte layer on the surface of said
dielectric layer;
(d) forming a negative el_ectrode layer on the éurface of said
solid electrolyte layer, .

wherein said negative electrode layer includes a carbon
layer, and '

said carbon layer includes carbon particles and a benzene



i ncl udes the steps of disposing the carbon |ayer, and disposing a
conductor |ayer on the surface of said carbon layer. 17. The H?LE&% for
manuf acturing a solid electrolytic capacitor as defined in & Agy é,
wherein the step of form ng said conductor |ayer includes -a step of

di sposing silver paste. 18. The nmethod for manufacturing a solid
electrolytic capacitor as defined in claim 14, wherein the step of formng
,said positive electrode body includgg at |east one of (i)a step of
sintering valve nmetal into porous netal and (ii) a step of roughening the

surface afortdue@l rpiakent@a byhendedhad Jar reepdhaciuring a solid
electrolytic capacitor_ as defined in claim 14, wherein the step of formng

sai d posit§VeeéPEtTicatlpgRrnasidngés BPSLEESe 6Aecsrofp) termingl of

sinteringyalase WRisak 18t Q1 RAQYH W@, and (ii) a step of roughening the
surface of valve netal; the step of formng-said dielectric Iayer includes
a step off¥ opheAgrically aanneastdnigde Regationr tekectnddre térmamal val ve

metal ; thg sdam Qﬂ‘egf Q4 Feng. Sald- at%g ele_l eacnté{ ode layer - includes a step
CArb a step of

of disposing the on | ayer an I sposi ng a conductive |ayer
havi ng sild)kr pHspesdngt heasing acesiof weiak caobens | aydd posiedeh of said

positive gle e m nal. and,sald. negative ectraode.termnpal is
partial | yﬁ |és:"lﬁl(’??e$dbé JJ’rt h%qéiu?%gégcg¥l%% Sk ﬁffgél 5:?}1%2?53?{&5?%‘? esin.
' .J.ayer, and said negative -electrode layer, where each of R1,

R2, R3, and R4 has H, OH group, COOH group, or alkyl group.

Chemical £ ormula‘ 1

OH
R4 OH
.R3 R1
R2
15. The method for manufacturing a solid electrolytic

capécitor as defined in claim 14,

wherein the step of forming said positive electr'ode body
includes a step of sintering valve metal into porous metal, and
‘ the step of forming said dielectric iayer includes a step
of forming a dielectric oxide film through oxidation of the

surface of said valve metal.

16.  The method for manu-facturing a so0lid electrolytic
capacitor as defined in claim 14,

-_‘;rherein the step of forming said negative electrode ~ layer



20. The nethod for manufacturing a solid electrolytic capacitor as defined
in claim14, wherein said carton | ayer contains one part by ggiﬂ?@ gf
carbon particles and 0.1 part to 1.8 part by weight of said g R
conpound. 21. The method for manufacturing a solid electrolytic capacitor
as defined in claim14, wherein said benzene conpound contains at |east one
of catechol and pyrogallol. 22. The method for manufacturing a solid

el ectrolytic capacitor as defined i &laim1l4, wherein the step of formng
said carbon | ayer includes a step of applying a m xture containing carbon
parti cl eipcadudbsrdenstepspdudispepinestnt edrbyntlayechemda dlisposimga 1 and

liquid to said splid electrolyte, and a step of renovi the liquid. 23.
Th- et had SPBRURERE METTF 1 975 S EAS8RcBEr POt (2 B ABYEhr as dof i ned i n
claim14, wherein the step of form ng said carbon |ayer includes the steps
of preparing a_suspensi on contai ning carbon particles and. |iquid;
preparind’a ni XB8 §ﬁ§§§ﬁ%iSﬂrbj“HFggGFVFﬁﬁgaEbeﬁ?hﬂ% e&&ﬁﬁ68ﬁ§t¥%presented
by the chepaeakotosgubarinéd SRiclaismuipension 6 April 2004 38 inmersing
sai d positive el ectrode body having said solid electrolyte |ayer into said
m xed suspen¥P8Reip it Fter of Framindesai @ amdystes\ades iRgLe8#8 sol i d

~a step of disposing silver paste.

18. The method for manufacturing a solid electrolytic
capacitor as defined in claim 14,

.wherein_-the step of forming said positive electrode body
includes at least one of (i)a step of sintering valve metal into
porous metal and (ii)a step of rougheﬁing the surface of valve

metal.

19. 'The method for manufacturing a solid electrolytic
capacitor as defined in claim 14, -
wherein the step of forming said positive electrode Ibody
inc.ludes at least one of (i)a step of sintering valve metal into
porous metal and (ii)a step of roughening the surface of valve .
metal; _ ' '
the step of forming said dielectric layer includes a step
of forming a dielectric oxide £ilm on the surface of said valve
metal;
' the step of forming said negative electrode{ layer
includes a step of disposing the carbon layer and a step of
dispdsing a conductive layer having siiver paste_ on the surface
. 0of said carbon lafer:'and _
each of said positive electrode terminal and said negative

electrode terminal is partially disposed at the surface of



el ectrolyte | ayer noistened with said m xed suspension out of said m xed

suspension; and drying said positive:-el ectrode body having
el ectrolyte | ayer noistened with said m xed suspension 24.

%ﬁégwgﬁh%g for

manuf acturing a solid electrolytic capacitor as defined in claim?22,
wherein said mxture is a suspension that has been al kalized. 25. The

met hod for manufacturing a solid electrolytic capacitor as defined in
claim 22, wherein said carbon particl3s are contained in said mxture in
range from2 wt%to 10 wt% 26. The nethod for manufacturing a solid

el ectrol ydaisl feapiag tresims defined in claim 14, wherein the step of formng
said solid electrolyte layer includes at |east one of (i) a step of

form ng nmanganese dioxide, and (ii) a step of form ng a conductive pol yner

by pol yreg) zatimen @étkodeEercdivrdomenay. 27 solhe retdwtdigtic
manuf acturing a solid_electrolytic  capacitor as defined in claim14,

wher ei n tFRPEFEP RSt SEAIRGE 2R P16 d el ectrol yte | ayer

I ncl udes 6 Apri

2004 39 a st%é&feifnorsatagc@:mm@%&veommrod&E@.whbynﬂéjsgmi logat i on of
eg

at | east one heterocyclic nmononer selected fromt

roup consisting of

pyrrol e, $aUPhafetigderi asd @nd pazt to dvfyPerE BY oAFoffe@idg. The
met hod f ofe ABHHY aChdbold. @ solid electrolytic

21. The method for manufacturing a solid electrolytic

capacitor as defined in claim 14,

wherein said benzene compound contains at least one of

catechol and pyrogallocl..

22, The method for manufacturing a solid electrolytic
capacitor as defined in claim 14, '

wherein the step of forming said carbon layer includes a

step of applying a mixture containing carbon particles, a

benzene compound represented by the chemical formula 1 and
liguid to said solid electrolyte, and a step of removing the

liquid.

23. The method for manufacturing a solid electrolytic

capacitor as defined in claim 14,

wherein the step of forming said carbon layer includes the

Steps of

preparing a suépension containing carbon particles and
liquid;

preparing a mixed suspénsion by dissolving a benzene
compdund. represented by"tﬁe chemical formula 1 in said

suspension;

a



capacitor as defined in claim214, wherein the step of said solid.

el ectrolyte layer includes a process of formng a conductiw§Aﬁ@E§g§r

| ayer, and the step of form ng said conductive polyner |ayer 1hcl s at

| east one selected fromthe group consisting of ( i ) (a) a step of

i npregnating the surface of said dielectric layer, forned on the surface
of said positive electrode body, with a polynerizing solution containing a
het erocyl i c nmononer, further inpregnaiging same with an oxidizing solution
contai ning an oxidizing agent, followed by cleaning and recovery

formati on; andnébyirgg Sk phsiepeat ehgectidie dody Layiby spif gedlidty of
tines; ang % i %téci a's%ggiof Lgprggngti@ éguaé%ﬂrface of said

di el ect r FECFEFRIYES b HET R ChE2d G FAEE TR 0 i tive el ectrode body,
with a m xedtapingi oficopsHithivg alheiteodeybody hawhogesaddd sadidxi di zi ng
agent; and (d) a step of repeating the step (.c) by a plurality_of tines;
S0 (i1 Plpbihetute taye o hpreRpR TG PRLS U SORPCRRH I BHOPEC i o

| ayer, f@uAiBdm9RelNguspdaem: ;0fangai d positive electrode body, with a

pol ynmeri zi ng _sol ution containing a_heterocyclic nononer, further

i mpr egnat i ng9%ERBIWFehd aPPsBid R zi Heddodei MWohPEiAignFodR S9tdfzi ng agent
and al so QWiel rody Pl X£ay SO sArne@N AR BHid Met&d Afidrs ignoner and an
oxi di zing agent, "foll owed by cleaning and recovery fornmation; 6 April 2004
40 and (f) a step of repeating the step (e) by a plurality of times. 29. A

method T oy MRNSHEciilind arge! ihoRleath bRl il G C3BATH! UnectTRHY N the
steps of " (a) forming a positive electrode body having val ve net al

" capacitor as defined in claim 22,

‘ wherein said mixture is a suspension that has been

alkalized.

25. The method for manufacturing a solid electrolytic
. capacitor as defined in claim 22,
wherein said carbon particles are contained in said mixture

- in a range from 2 wt% to 10 wt%.

26. The mefhod for manufacturing a solid electrolytic
capacitor as defined in claim 14,

"wherein the step of forming saild solid electrolyte layer
includes at least one of '
o (i) a step of forming manganese dioxide, and

(ii) a step of forming a conductive polymer by

: ﬁolymerization of a hetercyclic monomer .

27. The methqd for manufacturing a seclid electrolytic
.capacitor as defined in claim 14,
‘wherein the step of forming said solid electrolyte layer

- includes



sintered into porous netal;

of said
the surf

ace of said dielectric layer; (d) -formng a negati

(b) forming a dielectric layer on the surface
positive electrode body; (c¢) formng a solid electgqlyte layer
¢ Bodi 200

rode

| ayer on the surface of said solid electrolyte |ayer, wherein said
negative el ectrode |l ayer includes a carbon |ayer, and a silver paste |ayer
ductor layer, and said carbon |ayer contains carbon particles and
-a benzene conpound shown by the chen?tal fornmula 1; (e) electrically
ng a' positive electrode termnal to said Rositive el ectrode body;

as a. con

connect i
(f) elec
el ectrod
positive

30. A so
cl ai ns

capacito

trical | gtepnneét i kgrainggad vEBIRELL¥Ee PO

erectro sal

Soh 8{:&@{619%% 39yf adi iggéic Nthd AGitBFoEGEL Dc Sforfsnerd @edo¥eeasai d

I~i*d ctrolytic capacitor when nmade by the nethod of any
14 to 29. 6 April 2004 41 SOLI D ELECTROLYTI C CAPACI TORS -

dielectric layer, said solid electrolyte
| ayef, afdtosatie wegapi venslscinodeE baysele. \Whdopheaeh Mifme. Rpd R3) and

R4 has H, C@_gégugé §I§1$%yéﬂﬁ%pﬂﬁhealkyl group. Chenmical fornula 1 OH R2
e

one of
AND

'". METHOD - FOR_. MANUFACTURLNG THE AB. CT . SOl j i
rzaqf - The &eetgleq% Ao mn&%%'\é'%unﬂ'?% sofs§0ldd &heeikekytic

capacitor as defined in claim 14,

.wherein the step of said solid electrolyte;-ayer includes
a process of forming a conductive poiymer layer, and
| the step of forming said conductive polymer layer includes
at least one selected from the group consisting of
-( i ) (a) a step of impregnating the surface of said
dielectric layer, formed on the surface of said positive

electrode body, with a polymerizing solution containing a

heterocylic monomer, further impregnating same with an

oxidizing solution containing an oxidizing agent, followed by
cleaning and recovery formation; and (b) a step of repeating
the step (a) by a plurality of times; and

( ii ) (c) a step of impregnating the surface of said

dielectric layer, formed on the surface of said positive _

electrode body, with a mixed solution containinga heterocyclic

monomer and an oxidizing agent; and (d) a step of repeating

the step (c) by a plurality of times; and

| ( iii ) (e) a step of impregnat;i.ng the surfacg of said
dielectric iayer, formed on the surface of said positive
electrode ‘bpdy, with a polymerizing solution containing a

hete'rocyclic monomer, further impregnating same with an

oxidizing solution containing an oxidizing agent and also with

a mixed solution containing a heterocyclic monomer and an

oxidizing agent, followéd by cleaning and recovery formation;

on

HRE £8To8dRd negative



conprises a positive electrode body, a dielectric |ayer disposed on the
surface of the positive electrode body, a solid electrolyte. la gisposed
on the surface of the dielectric |ayer, a negative el ect r od®A é;@P

di sposed on the surface of the solid elggtrolyte |ayer, a: positive

el ectrode termnal electrically connected to the positive electrode body,

.and a negat '%% ?%Eggﬁ tfﬁrgf?_lea?tjtng{/eﬁ}arslt%al {)é’d)egoglne ltne?glg.g}fu es a ative

el ectrode | ayer, wher éi e negatil el et ar bon
| ayer and a conductor-|ayer, and the carbon Iayer contains carbon particles

and a benze co oynd hown by the chem c mul a 1. The whole is
Covered w Lo T ol Hoa PaHRabEa b R ERC T s STy 1 ErBaSLERF ot nal
| ed out of t&wmgxxgﬂﬂgvet@éeQQQQQ£ bedy and the negative el ectrode term nal

| ed out of the negative electrode layer. Wth this configuration, the
carbon | ayer(3br ROFWRIf AnePARAtiva| fokertIAdeoParHghyvingevadHeapetal

resi stance beiyesid RetoSpbidus! gethaplyte layer and the carbon |ayer s
reduced, and the contact resistance between the carbon l-ayer and.the

conduct or | alie}. fAsrmang@ diieleptrie Jmyesi o shecwifiagiencd said gositive

el ectrol yti cefapacid d%isurlng excel | ent equival ent series resistance
characterlstlc an capaC|ty utilization factor. Chenmical fornula | where
each. of RI1, (&, fR3miagda b hias elitectrﬁmygeo‘lqyerc&l&hgrmqfaaﬁ ofl kgkdagroup.

OH R2 FI GURE .‘l'electric layer;
| () forming a negative electrode layer on the surface of said
solid electrolyte layer, 7
wherein said negative electrode layer incli:;des a carbon
layer, and a silver paste layer as a conductor layer, and
said carbon layer contains carbon particles and a benzene
compound shown ﬁy the chemical formula 1:
(e) electrically connecting a‘ positive electrode terminal
to said positive electrode bedy; .
(£) electrically connecting a negative electrode terminal to
- said negative electrode layer; and
'(g}_ disposing facing resin so as to coverA said positive
electrode body, said dielectric layer, said solid electrolﬁrte
.layer, and said negative electrode layer, where each of lil,
R2, R3, and R4 has H, OH group, COOH group, or alkyl group. -

. Chemical formula 1
OH

R4 OH
-R3 R1

R 2

?2 tA2590hd electrolytic capacitor when made by thé method of any one of claims
. .






