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1/34 DESCRIPTION SOLID ELECTROLYTIC CAPACITOR
MANUFACTURING APPARATUS ?g)é_lD ELECTROLYTIC CAPACITOR
MANUFACTURING METHOD AN% 5 SOLID ELECTROLYTIC
CAPACITOR TECHNICAL FIELD The present invention relates to an
apparatus for manufacturing solid electrolytic capacitors which 10 uses
conductive polymer for solid electrolyte. Describing more specifically, the
manufacturing apparatus ca®BRORERTHEMOr solid electrolyte through
electrolytic polymerization process. The present invention further relates
to a solid 15 electrolytic capacitor manufacturing method and a solid

s glectiolytic-eapasitorr BACKEGROUND AR Reflecting thewecent tendofy s |

using higher 20 frequency waves for electronic apparatus, capacitors
S@sddlin“thé apFaratls dre reguested t6 eXHbIHIbWEr Hnpédante VdliEs fill

the high frequen(éyorffgi&nE Q%“f W;#F?n anu 8§proposals and
€

studies being madefor implementing thé Tow impédance by employing a

25 conductive polymer of high conductivity formed through an electrolytic

polymerization for the solid electrolyte. FIG. 16 is a cross sectional front
TEGEN 6F 2 LeohivErdtldnal apparatus for manufacturing solid 2/34 electrolytic

Capw%@@”@%@@%H%b¥%@§§@ﬂ%n relates to an apparatus

for manufacturing solid electrolytic capacitors which
uses conductive polymer for sclid electrolyte.
Describing more specifically, the manufacturing
apparatus can provide superior solid electrolyte
through electrolytic polymerization process. The
present inventicon further relates to a solid
electrolytic capacitor manufacturing method and a

solid electrolytic capacitor.

BACRKGROUND ART

Reflecting the recent tend of using higher
frequency waves for electronic apparatus, capacitors
used in the apparatus are requested to exhibit lower
impedance values in the high frequency region. There
have been a number of proposals and studies being made
for implementing the low impedance by emploving a
conductive polymer of high conductivity formed through
an electrolytic polymerization for the solid
electrolyte.

FIG. 16 is a cross sectional front view of a

conventiconal apparatus for manufacturing solid



electrolyte is formed by electrolytic polymerization. FIG. 17 is a cross
sectional side view of the apparatus of FIG. 16, sectioned along plane
B-B. As 5 shown in FIG. 16 and 12 /pdf/merization tank 20 has a plurality
of separation 21 disposed along transfer line at the same interval. As the
result, there is a plurality of independent bath lanes stretching in the
direction perpendicular to the line of transfer in 10 polymerization tank 20.

e 1Eaeh-efithe bathdanesds «filled With pelymefization:splutiop 224xhichiis
composed of a monomer of polymer for the skeleton of solid electrolyte
eland-a dopartt forspréviding Cconduétivity. tBeltishapéd ArimifLim foiFanbae -

FIEody 273 %%isgugelgeg con i@l%ouglly fﬁom géggp@lx ection (pot shown),
which is guided toeac of the P uraﬁty of in epen ent%ath lanes formed

apsepasated by segaratiort 2] i pelymerization tank20: Anode bedy. 23 iss
bonded at the upper surface with anode electrode 24, which is 20 a nickel

shepe. Therd afe an- AdiesielagenPproviaed vedtedirarcus electoté 942
o1@149,anade body 23, Eront power-supply faller 23a and rear ppwet supply

roller 25b are provided for delivering electric power of power supply 26 to
1iarodetelectirode 2425 Eront pawer supply-ioler25aus tisposetiat ai s a
location before anode body 23 is immersed in polymerization solutjon 22,

o LiRitelreby pGwer SUppi SrOlErSs0ig tisposetfat a%lbcation arteF arndbe™ €
o 1hQdy: 23 was pulledhup eutof the-polymerization seldtiqn 22, 334 in

polymerization tank 20. Each of the bath lanes 1is
filled with polymerization scolution 22 which 1is
composed of a monomer of polymer for the skeleton of
solid electrolyte and a dopant for providing
conductivity. Belt-shaped aluminum foll anode body 23
is supplied continuously ffom a supply section (not
shown), which is guided to each of the plurality of
independent bath lanes formed separated by separation
21 in polymerization tank 20. Ancde body 23 1s bonded
at the upper surface with anode electrode 24, which is
a nickel tape. There are an adhesive agent provided
between anode electrode 24 and anode body 23.

Front power supply roller Z5a and rear power
supply roller 25b are provided for delivering electric
power of power supply 26 to ancde electrode 24.

Front power supply roller 25a is disposed at a
location before anode body 23 is immersed in
polymerization solution 22, while rear power supply
roller 25b 1s disposed at a lccation after anode body

23 was pulled up out of the polymerizatiocn solution 22.
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Rear power supply roller 25b is provided for making the power supply
stable. This means that it is not an essential item, or the rear power
supply roller 25b can be eliminated/is @esigning a manufacturing 5
apparatus. Front power supply roller 25a is to press and bond anode
electrode 24 onto anode body 23, besides supplying the power. Cathode
electrode 27, or the counterpart of anode electrode 24, is shaped like a

reletterddi<lo upsicleidowndn ceasssestions The cathadel elestrode: 27risy
disposed over separation 21 in each of the adjacent independent bath
thRnes With itSideledgesabert slighth-cutiiardrso thatthey-areldiretfed 21

towards_anod electrg e 24 Whicgw been bonded an, 13 anede, body,,
=535 3éai;jlur"‘éilﬁ?tgi%l‘ cat%ofe electroc es%)z% havinsg t%%é a?éove-described
casiricture atencormneeted i togathet ysing g flat conductivetbar 2840 be

coupled with power supply 26. The independent bath lanes formed

PEEpartEd by 26 fifeans 6F'Separation 21 dré provided téspettivély Withi
anSPAgELA0 [l prevenng.evaperation of pelymerization 3alufion 22 kept in

the bath lane. The conventional solid electrolytic capacitor manufacturing
beapparatus furtherincludes 25 polyarerization solution supply section 30,
polymerization solution discharge_section 31, entrance transfer roll%r 32

and exit ranster fotl&F33 Bifthe abobe-dedtfined doiventisrar ©
an®aBufactyring apparatys, anodebody 43 bonded-atthe +or “y~

upside-down in cross section. The cathode electrode
27 1s disposed over separation 21 in each of the
adjacent independent bath lanes, with its side edges
bent slightly ocoutward sco that they are directed
towards ancde electrode 24 which has been bonded on
anode body 23. The plurality of cathode electrodes 27
having the above-described structure are connected
together using a flat conductive bar 28 to be coupled
with power supply 26.

The independent bath lanes formed separated by
means of separation 21 are provided respectively with
spacer 29 for preventing evaporation of polymerizaticn
solution 22 kept in the bath lane.

The conventional solid electrolytic capacitor
manufacturing apparatus further includes
polymerization solution supply secticon 30,
polymerization sclution discharge section 31, entrance
transfer roller 32 and exit transfer roller 33.

On the above-described conventional

manufacturing apparatus, anode body 23 bonded at the
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4/34 upper surface with anode electrode 24 is taken in from the
polymerization solution supply section 30 side, and transferred via
entrance transfer roller 32 to be irfhrhérsed into polymerization solution 22
kept in the 5 respective bath lanes of polymerization tank 20. In the mean
time, anode electrode 24 and cathode electrode 27 are applied with a
certain voltage from power supply 26 to have a solid electrolytic layer

upgemposed ©f eenductive pelymer formed on the stufage 1@ okamroderbotyomn
23 with anode electrode 24 as the starting point of electrolytic

EholphérizEtion A bes ot of e SlutiotPat the Poiymérzation sokstion
anfiseharge %%‘2%'9” f§t de vig exit ranster, ollers33. 15 Patent D?ﬁu%“&;e

Tisan example o nown prior art technology information. In the
imeanveatibnah selidpsidcirotytic capacitor manufactuting appanatusin the

described in the above, however, there exists a subtle difference in the 20

T S iBftiat BferP ambng CAtAGE SleBRodEE 27 of Tespuctive mtlepdent
+ rhath lanes dug to valtage used Jor.controliing elegtrolytic polymerization,

voltage fluctuation, etc. Furthermore, polymerization solution 22 reaches
e lupctorthe eippér parteof sppdratian 25t21 whlmmmfg:srabmutlmamal from
contact of cathode _electrodes 27 with pglymerjzation sco%&;tlon 22. As the

P oS, TORAuChivé Polymel & gendraté é §ickS 6A % &ctfobie
cd%%é%@@n%ﬁ0@53%§@¥ﬁ$gwﬁolymer formed on the surface

of anode body 23 with anode electrode 24 as the
starting point of electreolytic polymerization. It
goes out of the solution at the polymerization
solution discharge section 31 side via exit transfer
roller 33.

Patent Document 1 1is an example of the known
prior art technology information.

In the conventicnal solid electroliytic capacitor
manufacturing apparatus described in the above,
however, there exists a subtle difference in the
potential even among cathode electrodes 27 of
respective independent bath lanes due to voltage used
for controlling electrolytic polymerization, voltage
fluctuation, etc. Furthermore, polymerization
solution 22 reaches up to the upper part of separation
21 which brings about mutual contact of cathode
electrodes 27 with polymerization solution 2Z2. As the
result, conductive polymer 1s generated and sticks on
cathode electrode 27. Starting from the conductive

polymer thus generated, 1t spreads onto the surface of
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polymer thus generated, it spreads onto the surface of 5/34 separation
21, even to the inner wall surface of polymerization tank 20.
Consequently, an effective area o? éatAode electrode 27 changes, which
ill- affects homogeneous forming of a solid electrolytic 5 layer over anode
body 23. Still further, since polymerization tank 20 has been split by
separations 21 into narrow independent bath lanes filled with

s epolyaerization solutien:22,the sekition ekculating in parrgw tanesasily
overflows 10 if circulation volume is increased. So, it may be difficult to

P ojhefease tieflow voldme of polyrétizaficn Salition 222 Thérefsie tin Tife

a rGOUISe: of g continuoys 88%%%’1? obelecliolic polymerizafion, ; ; _
composition of polymerization solution 15 22 gradually shifts, whic

a friakessit difficult toh pravidefa saolidreleciolydic fayet Homageneously tA ¢
belt-shaped nickel tape for anode electrode 24 which is bonded on the

Layispler SUifdce?dF aMBdé B6EYy 23 for starting the electrolytic polymerization
is an 2Q expensive.material;§o, itds permally psed repsatedly, Anodey, - g

electrode 24 pulled out of polymerization™ solution 22 after undergoing the

b egdectrahtic tpdlymerization process islcovered witharfitm of sdkigendent

electrolyte composed of conductive polymer generated 25 as the result of
TS b o e

2 2 &ctroltic polymerizatidh: whidh® fyfith i the stffAce
s Anode celectrade 24, Sincg the,filqkis nop-conductive, dtis y cverfiows

if circulation volume 1s increased. So, 1t may be
difficult to increase the flow wvolume of
polymerization sclution 22. Therefore, in the course
of a continuous operation of electroivytic
polymerization, composition of polymerization solution
22 gradually shifts, which makes it difficult to
provide a solid electrolytic layer homogenecusly.

A belt-shaped nickel tape for ancde electrode 24
which is bhonded on the upper surface of anode body 23
for starting the electrolytic polymerization is an
expensive material; so, it is normally used repeatedly.
Anode electrode 24 pulled out of polymerization
solution 22 after undergoing the electrolytic
polymerization process is covered with a film of solid
electrolyte composed of conductive polymer generated
as the result of electrolytic polymerization, which
film is sticking firm on the surface of ancde
electrode 24. Since the film is non-conductive, 1t is
insulated and the conductivity of nickel tape anocde

electrode 24 is not ensured. Therefore, it 1is
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insulated and the conductivity of nickel tape anode electrode 24 is not
ensured. Therefore, it is 6/34 required to provide an additional step for
removing the solid electrolytic film y3‘cf§stroying the film with a rotary
brush, metal roller, or the like machines. 5 Inventors of the present
invention proposed following technology for reducing the manufacturing
cost, which technology is disclosed in Patent Document 2, Japanese
reRatemeldnexantimed RulsticationzNol 2006117 3363. dihe proposedoving
tec:hno(JBo,g(]/ﬁil uses an anode 10 electrode (anode electrode 24a) which is

fhadé of %ﬁﬁﬁﬁﬁr%lfé’ﬂ:&rcan%éﬁﬂin%% foif-tlati tatefal us&d s the

W i%{rbSHatﬁ&!‘Qn%}O\HQ%%t,th%é%fila_cerQPPPéiEe, tg;tpe@g)@dipg BH rface
with a conductive thin layer formed by at least nickel, carbon or stainless
mastad|154n place of anode electrode 24. It was expected that the

propolsed electrode Wguld lead to a substantial cqtst reduction. Whecp
.nva$to?a ? sl ? QFesent 1%v?n %?n.groaose
removing the solid electrolyte Tilmm composed of conductive polymer
f cgeneratad on dhen surface through electielyfiepelymenzation By 20r ing

mechanically breaking it, however, even anode electrode 24a itself was
cogiSo bivkers becdize tive: tibistiate Bliot sRéifencughaTust it Wagument
2, Shown. that removal of the rﬁf%lg{da%ll?_%‘téoclytl}.gél ¥V§§ poLan \gasy lask. 25

Then: another trial was experimentally introduced fo rear power supply
17eler25b gfitbeproposed technology uses an anode
electrode {(anode electrode 24a) which 1s made of an
aluminum foil or an aluminum foil-clad material used
as the substrate and provided at the surface opposite
to the bonding surface with a conductive thin layer
formed by at least nickel, carbon or stainless steel
in place of ancde electrode 24. It was expected that
the proposed electrode would lead to a substantial
cost reduction. When removing the sclid electrolyte
film compesed of conductive polymer generated on the
surface through electrolytic polymerization by
mechanically breaking it, however, even anode
electrode Z4a itself was alsc broken because the
substrate is not strong encugh. Thus, 1t was shown
that removal of the solid electrolytic film was not an
easy task.

Then, another trizl was experimentally

introduced to rear power supply roller 25b of the
conventiconal solid electrolytic capacitor

manufacturing apparatus shown in FIG. 16. The trial

is as shown in FIG. 18; the rear power supply roller
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conventional solid electrolytic capacitor manufacturing apparatus shown
in FIG. 16. The trial is as shown i F(L? 18; the rear power supply roller
7/34 25b is provided with a pIuraI?l])/ dpower supply pin 25c at regular
interval, which pin having a conical- shape tip end. Power supply pin 25c
is designed to pierce into anode electrode 24a; thereby, breaking 5 part
of the solid electrolyte film and establishing electrical connection with

2 5andde etectrodd 2dawas tshowrgin FIG.119: ¥n some cases, howevey, the n

solid_electrolytic film is pushed-in by the intruding power supply pin 25
25 e GO WhGh S fething 1e 10 stbdtrate 8F drfbda cectroda -

2l
ectrode

sh248s as shown in FIG.:19: ;Thenpthe golid electralyticfilmdnterygnes « o
between power supply pin 25c and the aluminum foil, disturbing electrical
p ieondactiont Thistcadsed:ars instabikeponet 7 suppiyasishowh i FIG.120, a

pSHPPYcurtent waefarm 15 chart Instable. powey supply -afegts stable
performing of electrolytic polymerization process. The present inventio

e laims4a selve theseecanventionatproblessavhich-remadni ansphveda and
offers a solid electrolytic capacitor manufacturing 20 apparatus in which
s hipesolid elBétrolyticfHm fBFmEP &R thé SGrface bt UAGE electiSteSduting

g S o e e ] o 0.
s u@_rpse;,ntgsﬁ)lz'rd eleetralyticc? acapacitormahufacturing ap parmatusoperforms ah e
su@%@rate of anode electrode 24a, as shown in FIG. 19.
Then, the solid electrolytic film intervenes between
power suppkly pin 25¢ and the aluminum foil, disturbing
electrical conduction. This caused an instable power
supply as shown in FIG. 20, a supply current waveform
chart. Instable power supply ill-affects stable
performing of electrolytic polymerization process.

The present invention aims to solve these
conventional problems which remain unsolved, and
offers a scolid electrolytic capacitor manufacturing
apparatus in which the solid electrolytic film formed
on the surface of anode electrode during electrolytic
pelymerization process can be removed easlly even when
an ancde electrode made of inexpensive material is
used thereon. Thus the present solid electrolytic
capacitor manufacturing apparatus performs a high

quality electrolytic polymerization on the basis of

well-stabilized power supply.

Patent Document 1 Japanese Patent Unexamined



10

15

20

25

quality electrolytic polymerization on the basis of well-stabilized power
supply. Patent Document 1 Japanese Patent Unexamined 8/34
Publication No.2000-200734 Patefit/Bttument 2 Japanese Patent
Unexamined Publication No.2006-173303 5 SUMMARY OF THE
INVENTION The present invention includes a top-open polymerization
tank filled with a polymerization solution, an anode body supply section
for transferring anode body formed df @ieltcshaped: 10 elegtt6de-foil NG 4
the polymerization solution, an anode electrode bonding section for

bonding belt-sHapedaRBde électrodd BRIRE Gpet Sufface of anvad e d

body before the anode body is put inte polymerization $elutien, ancplongs
cathode electrode stretching along 15 the direction of transfer in

polymerization solution of anode body bonded with anode electrode

SUarran}glerdgfg Lpgabo %lg%%l{l?t e width direction of anode body in a

oncontact status with respect1o anode body and to polymerization tank,

and arpower supRlY: for applying;a,20 veltage hetween:the anede,
electrode and the cathode electrode. Electrolytic polymerization is
pogeiforraed avtileranode body isktrahsietrel irfthe pblynterizatdn: 88lution

So\yithﬁqL V(r)lltagenbe(_ijnrgo%p Iig% getween tlle agodce&Ig%tr Oerand the
cathode e’IecEfrode, an(f% Solid 25 éjlggtro&fytlc?ayer composed of
t reongaetive polymer dsi domeghonrbe sudaceof anpea bedhaped
electrode foill intoc the polymerization solution, an
anode electrode bonding =section for bonding belt-
shaped anode electrode on the upper surface of anode
body before the anode body is put into polymerization
solution, an oblong cathode electrode stretching along
the direction of transfer in polymerization solution
of ancde body bonded with anode electrode arranged on
the both sides in the width direction c¢f anode body in
a noncontact status with respect te ancde body and to
polymerization tank, and a power supply for applying a
voltage between the anode electrode and the cathode
electrede. Electrolytic polymerization is performed
while anode body is transferred in the polymerization
solution with a voltage being applied between the
ancode electrode and the catheode electrede, and a sclid
electrolytic layer composed of conductive polymer is
formed on the surface of anode body.

The present invention uses an aluminum £oll or
an aluminum feoll clad material as substrate for the

belt-shaped anode electrcde, which is to be bonded on
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The present invention uses an aluminum foil or an aluminum foil clad

material as substrate for the belt- es'gj%ed anode electrode, which is to be

bonded on 9/34 the upper surfac %ode body, which anode electrode

being provided with a conductive thin layer formed by at least one

material selected from the group of nickel, carbon and stainless steel at

the surface 5 opposite to bonding surface. While the anode body is
thigansfereed in Mp@iwnenfzamionS@Iuﬂ@rﬁﬁa,ceﬂhihcvolm@ed@amli@dt rode

between anade e éectro e and cathode electrode lid elect tic lay
e B O R00 B Aoh ote B har e ol N THE 30 SRy ¥

a telectrolytic polymerization. Asgeserined dn theaboyve<a salishglecirolytic
capacitor manufacturing apparatus in the present invention has a cathode
nigléétiodederfofning ackolid calectrohfic fdyer cormposedof sondirtive

Opgol)ém%r bytlcg]glggtﬁplglc po{yﬁr:%erlzatlongyvhlﬁh ca;tpode elec d:}ebodygemg <

spose sin the width direction of the ano

t ransled mith-anode alectipde wha nopcantach status withorespect @ thea in
anode body and to the polymerization tank. In the 20 above setup, there

v oig dtHingldrodidbthe tathotle v leetradecthat \outd Eaiiseaniebstachefoo de

- lcwcy[[ag n, | of tge %%wagr%a{uog fgluﬂ@@ So fla?r&ogth cirgtlgllatéogw is
assured and circu ating volume o merizatioh solution can

colngreaset amd 2xpelymerizatiop curferiraised. ffdisqaot oaly impeoves

surface by electrolytic polymerization.

As described in the above, a solid electrolytic
capacitor meanufacturing apparatus in the present
invention has a cathode slectrode for forming a sclid
electrolytic laver composed of conductive polymer by
electrolytic polymerization, which cathode electrode
being disposed on the both sides in the width
direction of the anode body bonded with anode
electrode in a noncontact status with respect to the
anode body and to the polymerization tank. In the
above setup, there is nothing arcund the cathode
electrode that would cause an obstacle to circulation
of the polymerization solution. So, a smooth
circulation 1s assured, and circulating volume of
polymerization solution can ke increased and
polymerization current raised. This not only improves
the manufacturing productivity, but 1t substantially
reduces the conductive polymer sticking to the inner
wall surface of polymerization tank and a resultant

change in the effective area of cathode electrode.
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the manufacturing productivity, but it substantially reduces the conductive
polymer sticking to the inner wall_s 2 ce of polymerization tank and a
resultant change in the effective %Ji %5? cathode electrode. 10/34 Thus, it
enables to provide solid electrolytic layer composed of conductive
polymer homogeneously on anode body. Furthermore, a distance
between anode body and cathode electrode can be kept constant even if
Thamodei bedy=sagged.dn this way c&hemadeheals sdlido elettrolyticiager

can be provided on stable basis. A powe ly roller placed aft d
COBGE RS pUllet U Dt O1AE pHIyMEREAtioh SBHOR TS ProviddiForr hac e

potifeumferentialsurface with ad0-plurglity of BoweISUPRY PR WHeSB liRind
end has been cut oblique. In this structure, the power supply pin having
caghobliuelyscut ty ead piefcesahroagh anodes elttrode’which has just e

b ndergone e%ectqu;g{ic oiym%rizing pro%esrgéand cgv%red at tlhe urface
“with &“5S6tid electro y ic%ilm.a'P/Hereaby, the-sonid eciec%ro?ycficjfi m is

< 1kreken, apd the ingised facgrofranode electiede’s sulstratel kecomess .
exposed and the electrical conductivity is ensured. In this way, the power
supply’ca Beahadeinalstaple ManhePard-thd 20elecfroffiede Pody

LS R s ey
p relectradyiccoapacitor sranufactusing @pparatusur face with a
plurality of power supply pin whose tip end has been
cut obligue. In this structure, the power supply pin
having an obligquely-cut tip end pierces through anode
electrode which has just undergone electrolytic
polymerizing process and covered at the surface with a
solid electroliytic £ilm. Thereby, the sclid
electrolytic film is broken, and the incised face of
anode electrode’s substrate becomes exposed and the
electrical conductivity is ensured. In this way, the
power supply can be made in a stable manner and the
electrolytic polymerization performed at high guality

level.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional front view of a
solid electrolytic capacitor manufacturing apparatus
in accordance with a first exemplary embodiment of the
present 1lnvention.

FIG. 2 shows the c¢ross sectional side view of

the solid electrolytic capacitor manufacturing
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in accordance with a first exemplary embodiment of the present invention.
FIG. 2 shows the cross sectional side view of the solid electrolytic
capacitor manufacturing 11/34 a&ﬂa(gtés. FIG. 3 is a cross sectional view
showing rear power supply roller of the solid electrolytic capacitor
manufacturing apparatus. 5 FIG. 4 is a cross sectional view showing a
power supply pin of the rear power supply roller. FIG. 5 is a cross

apgectianal wiew showing the structure of an anode electrode used on the
solid electro\%/tic; capacitor manufacturing apparatus. 10 FIG, 6 is a

perspetfive view Shéwing @tfant $ormediA a distblition tahik'st thé &diid

po%’%%”%)ﬂﬁ?@?a@@ﬁ mapufacturing apparatus: flG. «.shows aflan view
of an anode body of the solid electrolytic capacitor manufactured by the
cagolid 115 alevtralyticacapacitor (nanufsctiring apparatus. FIG. 8 is a
curre%tgve%aveform chart showing a state of @(rnwer supply from power
oller in

supply r i thé Soliti re?e%?rol@ﬁg Eépoa%ﬁ nianufact r?n“él%a?atﬁgwer

sudlL 9 ipa grass segtionakviewshowing dhe, 20 vicinity of rear power
supply roller of a solid electrolytic capacitor manufacturing apparatus in
accorfafrce withi & sécohdes@mpiary embadiment FIG Iovisaccurrent

s t}%"f‘f‘k’]c‘zii%r m.chagt showing a, state of pqier.supply from pawer supply foller
glectrclytic capacitor manufacturing apparatus.

FIG. © 1is a perspective view showing a dam
formed in a distribution tank of the solid
electrolytic capacitor manufacturing apparatus.

FIG. 7 shows & plan view 0of an anocde body cof the
solid alectrolytic capacitor manufactured by the sclid
electreolytic capacitor manufacturing apparatus.

FIG. 8 is a current waveform chart showing a
state of power supply from power supply roller in the
solid electrolytic capacitor manufacturing apparatus.

FIG. 2 is a cross sectional view showing the
vicinity of rear power supply roller of a scolid
electrolytic capacitor manufacturing apparatus in
accordance with a second exemplary embodiment.

FIG. 10 is a current waveform chart showing a
state of power supply from power supply roller in the
solid electrolytic capacitor manufacturing apparatus.

FIG. 11 is a cross secticnal view showing the
vicinity of other rear power supply roller in
accordance with the second exemplary embodiment.

FIG. 12 is a current waveform chart showing a
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25 solid electrolytic capacitor manufacturing apparatus. FIG. 11 is a cross
sectional view showing the vicinrig of tje1er rear power supply roller in
accordance with the second exe rﬁe{é mbodiment. FIG. 12 is a current
waveform chart showing a 12/34 state of power supply from power supply
roller of the solid electrolytic capacitor manufacturing apparatus. FIG. 13
IS a cross sectional view showing the vicinity of rear power supply roller in
s tadcordahce o% with authird exehplaryembodinserntpf theprésent of the
invention. FIG. 14 shows an auxiliary power supply roller of FIG. 13, as
Sogiatied N5MTHE botor, FIG 16 10 4 burtart WabSforth chrt SRGing a.
10 stateof pewer; supplyfrom power-supply-rollef of thes selig:iglectrohuic
capacitor manufacturing apparatus. FIG. 16 is a cross sectional front view
v 16fig Ebhveritiona sblid eléetrolyticrdapacitor \narufastufiFapparatas. 15
willek(g. Eyti%&hg dcrosxsesntlactlig__:‘nu_fal siedeg/g)e L of a %OQVﬁnE%%al sglédselggtrolytic
capacitor manuf%cturlﬁg apﬁaraﬁljs. 1G98 s & cross Setional view
i nshowingrear power supply roller provided with power supply pins, 20 in
the solid electrolytic capacitor manufacturing apparatus. FIG. 19 is a

crossiseetiortat vielshdwity & power SupplyPpii BispdetPory reaP power
cﬂ§%ﬂ%¥“ﬁ%ﬂ as viewed from the bottom.

FIG. 15 is a current waveform chart showing a
state of power supply from power supply roller of the
sclid electrolytic capacitor manufacturing apparatus.

FIG. 16 1s a cress sectional front view of a
conventiconal sclid electrolytic capacitor
manufacturing apparatus.

FIG. 17 is the cross secticnal side view of a
conventional solid electrelytic capacitor
manufacturing apparatus.

FIG. 18 is a cross sectional view showing rear
power supply roller provided with power supply pins,
in the solid electrolytic capacitor manufacturing
apparatus.

FIG. 19 is a cross sectional view showing a
power supply pin disposed on rear power supply roller
described in the conventional sclid electrolytic
capacitor manufacturing apparatus.

FIG. 20 is a current waveform chart showing a
state of power supply from power supply rollerx

described in FIG. 18.



described in the conventional solid electrolytic 25 capacitor manufacturing
apparatus. FIG. 20 is a current waveform chart showing a state of power
supply from power supply roller cie% ibed in FIG. 18. 13/34 Reference
marks in the drawings 1 Anode Body la Rectangular Section Ib Cathode
Forming Section 5 To Anode Pull-out Section 2 Insulating Tape 3 Anode
Electrode 3a Substrate 3b First Substrate 10 3c Second Substrate 3d

Re€emdurctiee Mbmi syem 3 helhdsiearLayss 3f Protection Tape 4 Front
Power Suppl Ro%!gzr 15 % Rear Power Supply Roller 5a Power Supply
Pin 6 Polym D8on T4 Y6a, lla, 12a Dam 7 Polymerization Solution 20
8 Cathgde Elggtrade 9 Gonductive Plate, 10 Conductive Plate Stand it

Supply Tank
1b Cathode Forming Section

lc Ancode Pull~ocut Sectiocn
Z Insulating Tape

3 Anode Electrode

3a Substrate

3b First Substrate
3c Second Substrate
3d Conductive Thin Layer

e Adhesive Lavyer

3f Protection Tape
4 Front Power Supply Roller
5 Rear Power Supply Roller

5a Power Supply Pin

& Polymerization Tank

fa, 1lla, 12a Dam

7 Polyvmerizaticn Solution
g Cathode Electrode

9 Conductive Plate

10 Conductive Plate Stand
11 Supply Tank

12 Distribution Tank

12b  slit

13 Discharge Tank

14 Power Supply

15 Entrance Transfer Roller

16 Exit Transfer Roller
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12 Distribution Tank 25 12b Slit 13 Discharge Tank 14 Power Supply 15
Entrance Transfer Roller 16 Exit Transfer Roller 14/34 17 Cover Board
18a First Auxiliary Power Supply I1>I%t/e3 48b Second Auxiliary Power
Supply Plate 18c Third Auxiliary Power Supply Plate 5 19 Auxiliary
Power Supply Roller DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS FIRST EXEMPLARY EMBODIMENT 10 The present
invention is déscribed betondusing its first exemplary embodiment. FIG. 1
is a cross sectional front view of a saqlid electrolytic capacitor

manutaciuring hpparaftis®in'acoriancd’ with firsPExempiary embodiment,
used ;15 showthe stractyre] FIG.2 shows cresssectjonal side view of

the manufacturing apparatus shown in FIG. 1, sectioned along the A-A
planel BIG. 3T$:a erbsiusectional vieWcofaear powet supply fotler of the

manufaécturin agp?ratus; FIG. 4 shows a cross_20. zectional view of a

power supply N O tﬁ%rréfarpp%"\)]v%zr: SUBBI?/ réile%qul ®5is a cross

sectional view which shows the structure of an anode electrode, used on

the above manufacturing apparatus; FIG. 6 is a perspective view which
DESHRBEPIIHE PRRIRBIANiIsEDURGFERRRED EMBODIMENTS

FIRST EXEMPLARY EMBCDIMENT

The present invention is described below using
its first exemplary embodiment.

FIG. 1 is a c¢ross sectional front view of a
solid electrolytic capacitor manufacturing apparatus
in accordance with first exemplary embodiment, used to
show the structure; FIG. 2 shows cross sectional side
view of the manufacturing apparatus shown in FIG. 1,
sectioned along the A-A plane; FIGC. 3 1s a cross
sectional view of rear power supply roller of the
manufacturing apparatus; FIG. 4 shows a cross
secticonal view of a power supply pin of the rear power
supply rollexr; FIG. 5 is a cross sectional view which
shows the structure of an anode electrode, used on the
above manufacturing apparatus; FIG. 6 is a perspective
view which shows a dam provided in distribution tank
of the above manufacturing apparatus; FIG. 7 is a plan
view of an anode body of the solid electrolytic
capacitor manufactured by the solid electrelytic
capacliter manufacturing apparatus.

As shown in FIG. 1 through FIG. 7, anode body 1
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25 of the above manufacturing apparatus; FIG. 7 is a plan view of an
anode body of the solid electrolytic _capacitor manufactured by the solid
electrolytic capacitor manufacturi%é zé) ratus. As shown in FIG. 1
through FIG. 7, anode body 1 15/34 used on a solid electrolytic capacitor
manufacturing apparatus in accordance with the first embodiment is
made with a 0.1mm thick belt-shaped aluminum foil; the surface is
usmughened bycanieleeticchemicaltreatmentt and: provided with @tuminum
oxide dielectric film, and then punched to a certain specific form as shown

APIRAERS: 75 Provided &t HEFBGH effdsare rectangutalt séctioR $abf & Bm

na¥4mpysize. Ansulating tape 2 which is madeywith a metal material such <ne
as stainless 10 steel, nickel, etc. applied with an adhesive resin is affixed
s ugontingousty alongtherienyth direction bacrectanfelar sectioi 1 #icretys;

it is divided into cathode forming section, Ib on which a solid electrolytic
e e e e

t Hater)and-anode pyll-put seetiondc. Kn-the elielectric-exide; filantosned at
cathode forming section Ib, a conductive layer of manganese dioxide has
FIeen forméd BY fitse dmpreghafingPWith:watef Solatich éferaryafigse: -

o iate, 20 and ten pyrabvzing,i A belishaped anade elegirode 3 yhich

iS wound 'in areel (not shown) is supplied from a supply unit (no ghown)
whtodde overlaid ®a beltishapechancde bogdydrial such as stainless
steel, nickel, etc. applied with an adhesive resin is
affixed continuously along the length direction on
rectangular section la; thereby, it i1s divided into
catheode forming section 1lb on which a solid
electrolytic laver composed of conductive polymer will
be formed (to be described later) and ancde pull~-out
section lc. On the dielectric oxide film formed at
cathode forming section 1b, a conductive layer of
manganese dioxide has been formed by first
impregnating with water solution of manganese nitrate
and then pyrolyzing it.

A belt-shaped anode electrode 3 which 1s wcund
in a reel (not shown} is supplied from a supply unit
(not shown) to be overlaid on belt-shaved anode body 1
which alsc 1s wound in a reel and supplied from an
anode body supply unit (not shown). Anode electrode 3
is pressed by front power supply roller 4, which 1is
provided for supplving power from power supply 14 (to
be described later) to ancde electrode 3, onto anode

body 1 to be bonded thereon. NWamely, front power
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which also is wound in a reel and supplied from an 25 anode body supply
unit (not shown). Anode electrode 3. is pressed by front power supply
roller 4, which is provided for suﬂp@fz% ower from power supply 14 (to
be described later) to anode electrode 3, onto anode body 1 to be bonded
thereon. Namely, front power 16/34 supply roller 4 works as anode
electrode bonding unit for bonding anode electrode 3 onto anode body 1,
suatp the sameltame # pedornss also tredfdaction ©f applyingtecveltage tonit

anode electrode 3. 5 A state of anade hody 1 after the bonding is as
D iprnvrs bt G ol e e O W

+ hRull:Qut sectiopdc and part pf Jasulating faperz. Angde bodyisdransferred
in this state into polymerization tank 6 (to be described 10 later). As

apghonwinial detaildn FEGLS, anode eldetradess: incjudes dirst substrate 3b of

a 20m thick aluminum_ foil, Al purity higher_than 95.70%, aluminum alloy
315 Mo.5055: 3nd beCOnCInBTAS 36 of & San ek Lo e fof, A1°

shRity higherithan 99.85%: aluminw calloy JkS-Ne.4885. 5econdonded
substrate 3c is provided at the both surfaces of first substrate 3b; these
cogifbsfrates are fofled® toa 180mmM3WIEE B0m thiek fot YprovillingStibstrate

L U R
s tether sufface with adbesive:layem3e: Protediont o be described
later).

As shown in detail in FIG. 5, anode electrode 3
includes first substrate 3b of a 20pum thick aluminum
foil, Al purity higher than 95.70%, aluminum alloy JIS
No.5052, and second substrate 3¢ of a 5S5uym thick
aluminum fcoill, Al purity higher than 99.85%, aluminum
alloy JIS No.1085. Second substrate 3¢ is provided at
the both surfaces of first substrate 3b; these
substrates are rolled to a 180mm wide 20um thick for
providing substrate 3a. Substrate 3a is provided at
one of the surfaces with a 0.1luxum thick conductive
nickel laver 3d formed by vacuum deposition, whiie on
the other surface with adhesive lavyer 3e. Protection
tape 3f is disposed covering adhesive layer 3e. The
integrated substrate 1s cut intoc strips of a 7.bmm
width using a slitting machine to be ready for use.

Ancde electrode 3 thus provided is formed using
an inexpensive aluminum foil clad material. So, it
exhibits superior characteristics in the electric

resistance, at the same time enables to reduce the
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tape 3f is disposed covering adhesive layer 3e. The integrated substrate

is cut into strips of a 7.5mm 25 width using a slitting machine to be ready

for use. Anode electrode 3 thus &rg%lééld is formed using an inexpensive

aluminum foil clad material. So, it exhibits superior characteristics in the

electric resistance, at the same time enables to reduce the 17/34

manufacturing cost substantially. Despite a low cost, the aluminum clad
mamaferiat offers a soffisiently highamechanical strémgtk ahd the pawercost,

_supply function does not deteriorate in_polymerization sqlutjon. Thus, it.5
D o B e T BRSSP e o B L bea B LT 13

meCQNVENtional anadeglectrode ywhicheis gmage,of -a,pigke} tane, Front powek s
supply roller 4 is for applying a voltage on anode electrode 3, it at the
nogarfie time1 00 piesses anodeeiecirode Biohto arodéttody -1 fof boading.t

Namely, the front power.supply roller 4 works also as an anode electrode
B Siding: nit IS—“roen% Cp(;f)e‘\\[/vle{? Iggpﬁiyf?) ol Iae?:ﬁv ?Sr&§%t0%85 at & place %%éfo?e e

+ hanededody d-hended with angde glectada 3 isdmmersed-ld ins made of
electrolytic solution, which is to be described later. Rear power supply
a pollers tod,a®for applying a voltage on anode electrode 3. The rear

L i VR R
voArede=elecirogiedie electrode 3, it at the same time
presses anode electrode 3 onto anode body 1 for
ponding. Namely, the front power supply roller 4
works also as an anocde electrode bonding unit. Front
power supply roller 4 is disposed at a place before
anode body 1 bonded with ancde electrode 3 is immersed
in electrolytic solution, which is to be described
later.

Rear power supply roller 5, too, is for applying
a voltage on anode electrode 3. The rear power supply
roller 5 locates at a place after anode body 1
underwent the electrolytic pelymerizaticn and pulled
up from the electreclytic solution. Anocde electrode 3,
which has been bonded with anode bedy 1, is pulled up
together from polymerization scolution 7 by exit
transfer roller 16 {(described later). Rear power
supply roller 5 starts peeling anode electrcde 3 off
ancde body 1. Rear power supply roller 5 is provided
at the circumferential wall surface with a plurality
of power supply pin 5a whose tip ends are cut

obliquely. The pins are orientated so that thelir
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which has been bonded with anode body 1, is pulled up together from
polymerization solution 7 by exiti‘%rr? er roller 16 (described later). Rear
power 25 supply roller 5 starts p anode electrode 3 off anode body
1. Rear power supply roller 5 is provided at the circumferential wall
surface with a plurality of power supply pin 5a whose tip ends are cut
obliquely. The pins are orientated so that their 18/34 obliquely-cut faces
obarediretteddowarts teesupstrearhi otaricde body sradsfert; land @gpush apm
amount of the pins above the surfaae of rear power sulfr)lpl r%lleé? igh

Ofm%ﬂ@?oebgape\étetrlfﬁéhstﬁﬁcﬁnesasno ahodé'5 dlettrodd 3. The angle o

p 1 eklioye sytindhe presentsembedimentis 30 degrees,yiz 1an acute angle.
Polymerization tank 6, which is oblong shaped and open at the top, is

1 sfilfedldeithtsolyraerization solutiba 7 femeledtroftic polymerization. In the
10 present embodiment, water solution of pyrrolemgnomer 0.2mal/liter,

elglﬁ)%ﬁgﬁ%fha énegu%ngt%%.fm& iteor%ig:ﬁ ed focr:%%lyrlnréri;’a %npsro?u?i%ﬁt

embdeathede:elegtrogle 8iis grade-qf aystainlesssteeh: platinguer the like
metal, or a conductive carbon 15 material, formed in an oblong shape in
line with ditechién Bt drivdebbdy 1%ondkd @ith afiode eledtfode’ 3eihg

an;éﬁ%fﬁ%r%edaig p%‘g(é“eéi%(%“,of‘isé)'%ifﬁ? 7%,“% £pfho 8%}3&5 ‘Ed‘% 84y ,,

ged on the both sides in the width direction of anode body 1 in the
s c2Q:palymerization selutien 7 in g hoacondcy staiisawthi on.  In the
present embodiment, water solution of pyrrolemoncmer
0.2mol/liter, alkylnaphthalenesulfonate 0.lmol/liter
ig used for polymerization solution 7.

Cathode electrode 8 is made of a stainless steel,
platinum or the like metal, or a conductive carbon
material, formed in an oblong shape in line with
direction of anocode body 1 bonded with anode electrode
3 being transferred in polymerization solution 7. The
cathode electrode 8 is arranged on the both sides in
the width direction of anode body 1 in the
polymerization solution 7 in a noncontact status with
respect to anode body 1 and to polymerization tank 6.

In the present exemplary embodiment, a plurality
of anode body 1 is provided at a regular interval in
the direction that is perpendicular to the transfer
direction, and cathode electrodes 8 on the both sides
in the width direction of respective anode bodies 1 in
the same orientation (ref. FIG. 2).

Each of the plurality of cathode electrode 8 1is

connected at its one end with conductive plate 9,
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respect to anode body 1 and to polymerization tank 6. In the present

exemplary embodiment, a pIuralititgf node body 1 is provided at a

regular interval in the direction th ié%@rpendicular to the transfer 25

direction, and cathode electrodes 8 on the both sides in the width direction

of respective anode bodies 1 in the same orientation (ref. FIG. 2). Each of

the plurality of cathode electrode 8 is connected at its one end with
whdanduptheetplate D, 4984 owhieki plate issupportedvsy gohduetiveplate 10 .

...stand 10. The conductive plate stand, 10 stands alone being independent
Rt poiMietzatdit takik & o assttﬁélr% '§]P10 SdireRt ontact With e 9

1 nRQlypgrization kb, baupplytank 11 ispravided atihe upsirrapeside o
of polymerization tank 6, and distribution tank 12 is connected to supply
ditafk 11 cSupphetank 11 ks hommally replenished-withnpslymeriZzation

solutign 7 to the full, Oyerflowing solution goes over dam 11a, 10 which jis
d foply tank 14 and distibuton 4

provi ed be \)(/eér??upp y tan ARd “distfibdtion tank féﬁo E% ?(Iélptslﬁde

o fdistribytiontank d2c Aftergistrigytioadank 1z is filled toithe fllink 12 is
polymerization solution 7 floods into polymerization tank 6 beyond dam
corElpeatihgetweerdistribaion I5ltankI25End polyhietizationttank 6.

QA EYERY B 08 00 L A R Ly L 0 .
t hgpace between;eailiade.alecirasdes 8tin palymetdzationer dam 11a,
which is provided between supply tank 11 and
distribution tank 12, to be kept in distribution tank
12. After distribution tank 12 4is f£illed to the full,
polymerization solution 7 floods into polymerization
tank 6 beyond dam 12a locating between distribution
tank 12 and polymerization tank 6.

Dam 1l2a is provided at the top edge with a
plurality of slit 12b at a regular interval, the slit
12b 1s locating so as it ccrresponds to the center of
space between cathode electrodes 8 in polymerization
tank 6. So, the overflowing polymerization solution 7
coming cut of slit 12b flows towards the center
between cathode electrodes 8.

Discharge tank 13 is provided at the downstream
end of polymerization tank 6. Polymerization solution
7 overflowing from dam 6a of polymerization tank &
flows into discharge tank 13, which solution is
recycled via circulation tank {(not shown) to supply

tank 11.

Power supply 14 applies a certain voltage for
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20 tank 6. So, the overflowing polymerization solution 7 coming out of slit
12b flows towards the center between cathode electrodes 8. Discharge
tank 13 is provided at the downst?e%%3 &nd of polymerization tank 6.
Polymerization solution 25 7 overflowing from dam 6a of polymerization
tank 6 flows into discharge tank 13, which solution is recycled via
circulation tank (not shown) to supply tank 11. Power supply 14 applies a

e leartaipuoltage forciZ0yd4e electrolytic:palyprerzation betweendront powerc Ly
supply tr&ler 4/rear power supply roller 5 and conductive plate 9 which is

oo blodiF b AT of CitFido EebnBdes 8.5 A sSikT SHEObiE

pl%aeP@Ci@Orv\fH%Macit'é”%@B@%{ét%i%?heti}[%segﬂiQ%‘QQ@H‘F%@ cathode
equipped with entrance transfer roller 15 for guiding anode body 1

‘e lisorided With pgblymerization electrode 3 into polymerization solution 7,

and eﬁdt traTsffgr roﬂer %6 1 WQich pulls up anode body 1 aft%r finishing
QL1 (& ect o 8‘ JtC C & a61t?.r ma L%.fa uring
electrolyﬁc polymerization, from the poIE/)merlza ion " solution 7.

apRectarguiaricovernkoasd 4 4 syadeof pelyvinynehlarideds prgvided with
floating on polymerization 15 solution 7 at each of the spaces between
endatiddecel&atrotes 8L The fiddting boafdPis afiNed toffevieh® dfie body 1

b oglg élo‘z@é?a%ﬁﬁ‘ Z%%'_EI“?{)‘{ e_f{%“tei’é"go@ﬁg% fndto, maintain the surface of
polymerization solution 7, and exit transfer roller 16
which pulls up anode boedy 1, after finishing
electrolytic polymerization, from the pcoclymerization
soluticon 7.

Rectangular cover board 17 made of polyvinyl
chloride is provided floating on pelymerization
solution 7 at each of the spaces between cathode
electrodes 8. The floating board is aimed to prevent
the polymerization soluticon 7 from evaporating and te
maintain the surface of solution stabilized. In order
to keep cover board 17 ocut cf having contact with
cathede electrode 8 at the surface of solution, the
cover board 17 is loosely fastened to conductive plate
9 with a rope made of an insulating resin material
(not shown?).

Now in the following, the operation of solid
electrolytic capacitor manufacturing apparatus bullt
in accordance with the present exemplary embodiment is
described.

Ancde body 1 in the form of belt~shaped aluminum

foil and anode electrode 3 made of an aluminum clad
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to keep cover board 17 out of having contact with 20 cathode electrode 8
at the surface of solution, the cover board 17 is loosely fastened to
conductive plate 9 with a rope méade’ot an insulating resin material (not
shown). Now in the following, the operation of solid 25 electrolytic
capacitor manufacturing apparatus built in accordance with the present
exemplary embodiment is described. Anode body 1 in the form of
mabedtsshaped alumihum Lol mand anode=eléctraded made ofrars alaminune
clad 21/34 material in belt form are delivered from resi:fective supply

S RS NGt shbin) (6%e SIETIdi tod&h&e AnbaE tfecttode 3 Fhidnded on
andnadebody 1.at fronts powegsupplysoller 4, and; thep.eptrance;transfeyn.

roller 15 transfers the bonded belt to be immersed into polymerization
posotutionbwhizh isokept in polymerizdtion tarks: Yhilecanode hady T is

traveling in polymerization solution 7, a certain voltage,of power 10
£odibply L abBiE ekl Snai Gsirads 5 and Tespectia SA5ds
inelectindes 8. via front peweyosupplyyeller 4, rearpower sunpply roller 5

and conductive plate 9. Electrolytic polymerization is started with anode

D ogleetrode Badsthe startig point 15 of reaction. In approximately 15
minutﬁ% .al%esired solid el ctrglygjcs Iaggraggonlposed o;l conductive

polypyrrcjﬂe poﬁ/?hoecri?s ormed covéring entlrglyjtrrf *
polymerization sclution 7, a certain voltage of power
supply 14 is applied between anode electrode 3 and
respective cathode electrodes 8, via front power
supply roller 4, rear power supply roller 5 and
conductive plate 9. Electrolytic polymerization 1is
started with anode electrode 3 as the starting point
of reaction. In approximately 15 minutes, a desired
solid electrolytic layer composed of conductive
pelypyrrole polymer is formed covering entirely the
both surfaces of ancde body 1's cathode forming
section 1lb.

Anode body 1 bearing the solid electrolytic
layer is pulled up from polymerization solution 7 via
axit transfer roller 16. And then at rear power
supply roller 5, anode electrode 3 bonded to ancde
body 1 is peeled off. Anode pody 1 alcone is sent to
the next step which is ncot shown here.

When anode electrode 3 proceeds through rear
power supply roller 5, a plurality of power supply pin
5a provided on the circumferential surface of rear

power supply roller 5 pierces into anode electrode 3,
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both surfaces of anode body 1's cathode forming section Ib. 20 Anode
body 1 bearing the solid electrolytic_ layer is pulled up from polymerization
solution 7 via exit transfer roller ﬁ?fg&hen at rear power supply roller
5, anode electrode 3 bonded to anode body 1 is peeled off. Anode body 1
alone is sent to 25 the next step which is not shown here. When anode
electrode 3 proceeds through rear power supply roller 5, a plurality of
anpoveer supply par bapiovided dnithe cireurbferential susfacé ofuearated
power supply roller 5 pierces into anode electrode 3, 22/34 and solid

Ineladtrotytic fifm 1°Brokén BS TGstratdd ir EIG 4 ald@ing pdvier Supply pin

e 19a-t0have lelé%tﬂ% g@@%}%?“@'ﬁ! with §HB%I@£%§% okanade glggtgqp_le 3.5
Power supply pin 5a is obliquely cut at the tip end, and the cut face is

e Lerientated s as to be facing towards the upstream direction of anode
body transfer. An amount.of push up with power supply pin 5a abgve the
SortaC T Ear S SuBA) ror S Set 10 BET0 breaiar than &7E T1p

enthickaess of:apode; electiede 3.4n Jhisarrangementosalid electrolytie film n g
formed on anode electrode 3 is pushed into substrate 3a with the surface

 omaditFbeehcontattatEsythe bbliguelcutface affpower sapily pinFBas fer.

consequ ntlg, fpowersu;aply VQin JhS 5a's tip.end gets contact at its ugri%ht
A k t .
I’lpoarjtﬂ?(t):)nuvr\llel%h subStrate BaPThuls, a réliable electhicar Lofnection. —

the surface of rear power supply reoller b 1is set to be
greater than a thickness of anode electrode 3. 1In
this arrangement, solid electrolytic film formed on
anode electrode 3 is pushed into substrate 3a with the
surface having been contacted by the obligue cut-face
of power supply pin 5a; consequently, power supply pin
5a’s tip end gets contact at its upright portion with
substrate 3a. Thus, & reliable electrical connection
can be established as shown in FIG. 8, a chart cof
supply current waveform. The angle of obligue cut at
tip end of power supply pin 5a is set at 30 degrees,
an acute angle, in the present exemplary embodiment.
However, 1t is fto be understocd that it is not the
intension of the present invention to limit the scope
to the above-described cut angle.

As described in the above, a solid electrolytic
capacitor manufacturing apparatus in accordance with
the first embodiment includes a plurality of power
supply pins whose tip ends have been cut obligue, the
power supply pin being planted on the circumferential

wall surface of power supply roller, for example, rear
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can be established as shown in FIG. 8, a chart of supply current

waveform. The angle of oblique %3:1} end of power supply pin 5a is

set at 30 degrees, 20 an acute ar% he present exemplary

embodiment. However, it is to be understood that it is not the intension of

the present invention to 'limit the scope to the above-described cut angle.

As described in the above, a solid electrolytic 25 capacitor manufacturing
poapparatug inlaccordahee with the first eimbodibent inelides aplurality bf on

power_supply plns whose tip ends have been cut bllgue the power
& oy baihg plantad 85 e e Bwerode

mce?rléﬁjm?ererﬁlal wa su%face of power

e 18Upplyrgliers for example, rear 23/34 1nower sgpply rller S.awhiehis which
disposed at a location after pull-up from polymerization solution. An
bearples eléétfodelafter telelédtrolyiit Polyhferratiore Whichebéars 5ol /

. _electrol tlc ilm formed on the surface rced by the power supply
18p|ﬁ W% C{ rE g%}Ilqu}%-cueff:p enémli_;% gﬁy, the soF ﬁectrolytm film is

ontlr@lge;rbam,dﬁdaetsypstéata is diselesed-at,its-ineised face irfayerebiytic
establishing an electrical conduction. Consequently, it can perform a

I idtabiliZedoroogciwer 3UEpIY ARd prevRder@ kigh gaalfly- evel 8Retréitic-t S

m%ol'%mgf'zﬁé% even when an anode, eloctrode made of lowc e?é't’? ferial

IS use ND EXEMPLARY EMBODIMENT 15 A solid electrolytic

cocapacitor spanufacturirgy apparatys in aceoxgdance withransecondzabilized
exemplary

power supply and provide a high quality level

electrolytic polymerization even when an anode

electrode made of low cost material is used.

SECOND EXEMPLARY EMBODIMENT

A solid electrolytic capacitor manufacturing
apparatus 1in accordance with a second exemplary
embodiment is different from that of the first
exemplary embodiment in that an auxiliary power supply
plate is provided at the downstream of rear power
supply roller. Fcr the rest, structure remains
identical to that of the first embodiment. Sc¢, those
identical portions are designated using identical
symbols respectively, and detailed description on such
is eliminated. Only the point of difference will be
described in the following referring to the drawings.

FIG. 9 is a crosgs secticnal view which shows the
vicinity of rear power supply roller of a solid
electrolytic capacitor manufacturing apparatus in

accordance with the second embodiment. Referring to
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embodiment is different from that of the first exemplary embodiment in
that an auxiliary power supply plate is provided at the downstream of rear
power 20 supply roller. For the re?sfi/s Gcture remains identical to that of
the first embodiment. So, those identical portions are designated using
identical symbols respectively, and detailed description on such is
eliminated. Only the point of difference will be 25 described in the
FIfellowing fefersing 4o theldrawings.o FEG. ®is arcigssiseatienal viewivghich
shows the vicinity of rear power supply roller of a solid electrolytic

O SRSt manufAtiurity Appardtadin® accordanc Wit the S8dond Toller
5 .empodigent, Referring o 24/34 FIG. 8first auxiliaty power supply plate,

I8a is provided at the downstream of rear power supply roller 5. First
ceaudiany powdrsupply plaie 28a applies tar cettaid véltage té anodeonded

Suelg%trode fr%ng3 éts bgnqed 5 sugace (ad ?Ssi%% |;/i 'eﬂr 3e Altflg)u h not

Shown in tﬁg dravﬁﬁg,firsﬁ%%;(ili r?/)p'ow até' §a% Eorinetted

t nwithspewer-sypply 14« kh a salidielectrplytic Gapaciarmanufaatting 15a is
apparatus in accordance with the present second 10 embodiment, when
Cognorie etettrodE 3 goey #irosgtPieay pbiver supply roller 5 it is pierced by

a plurality of power, supply.pin lanted on the.circumferential wall .
rtace ofved Aouibr SuBEiy FMoy s 8 Lol SckBRtc e s~ 19

apyekert as already-txdescribed initha fiest embediment referdng to FIG.
eﬁ%odiment, when anode electrode 3 goes through rear
power supply roller 5 it is pilerced by a plurality of
power supply pin 5a planted on the circumferential
wall surface of rear power supply roller 5, and the
sclid electrolytic film is broken, as already
described in the first embodiment referring to FIG. 4.
Further to the advantage provided in the first
embodiment, first auxiliary power supply plate 18a
makes contact with substrate 3a at incised face 3g
which became exposed as the result of pilercing by
power supply pin 5a, making the electrical connection
more reliablie. Thereby, the power supply becomes more
stable as shown 1in FIG. 10, a power supply waveform
chart. Thus the gquality of electrolytic
polymerization can be further improved.

FIG. 11 is a cross secticonal view which shows
the vicinity o0f rear power supply roller in other
example of the second embodiment. Here, second
auxiliary power supply plate 18k is provided in

addéition at the downstream of first auxiliary power
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Further to the advantage provided in the first embodiment, first auxiliary
power supply plate 18a makes cg%tg%; I¥Vith substrate 3a at incised face
3g which became exposed as thé& result of piercing by 20 power supply
pin 5a, making the electrical connection more reliable. Thereby, the
. power supply becomes more stable as shown in FIG. 10, a power supply
waveform chart. Thus the quality of electrolytic polymerization can be
sufupthgr improved] 25 FIG.sK1xis scfossiseticnal View Whiek shows the

vicinity of rear power supply roller in qther, example of the second
> &hboditbnt. Here. SeBi aURaR powsr supbly pIste 1865 Brovied

s hibwaddition-atdhe downstreaneffirst auxiligry power 2534 -supply. plate
18a described in FIG. 9. Thereby, the stability in the power supply is
further improved as shown in FIG. 12, a power supply waveform chart. 5

Y. T Now in the following, the present
ra LU EXEMRLAR CENEOD)

vention'1s using a third exemplary embodiment. An auxiliary

power supply: plate-anthan auxiliagy, power supphyeiotieriate provided in s
addition at the 10 downstream of rear power supply roller of solid
deglgstrdhtic capasitor inanbifatturimy BPpParatus ifiHe° firstémbodiment.

The %&%i_'i%(}’xﬂﬁ"‘&eéﬂ%p%&%'ﬁ 5%Tﬁa’}£%sa%a%iﬁ’%ﬁo‘%‘%§ﬂ?ﬁ%y
plate which is having contact with the roller. For the rest, 15 structure

poremainsidenticak-to that:of thesfirstrovided in addition at the
downstream of rear power supply roller of solid
electrolytic capacitor manufacturing apparatus in the
first embodiment. The auxiliary power supply roller
accompanies an auxiliary power supply plate which 1is
having contact with the roller. For the rest,
structure remains identical to that of the first
embodiment. So, the identical portions are designated
respectively using identical symbols, and detailed
description of which is eliminated. Only the point of
difference is described referring to the drawings.

FIG. 13 is a cross sectional view which shows
the vicinity of rear power supply roller of a solid
electrolytic capacitor manufacturing apparatus in
accordance with a third exemplary embodiment. FIG. 14
is a bottom view of auxiliary power supply roller of
FIG. 13, as seen from the underneath.

Reference is made to FIG. 13 and FIG. 14, first
auxiliary power supply plate 18a is provided at the
downstream of rear power supply roller 5, and

auxiliary power supply roller 19 consecutively at the
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embodiment. So, the identical portions are designated respectively using
identical symbols, and detailed déd%rif%gon of which is eliminated. Only
the point of difference is describ é ring to the drawings. 20 FIG. 13 is
a cross sectional view which shows the vicinity of rear power supply roller
of a solid electrolytic capacitor manufacturing apparatus in accordance
with a third exemplary embodiment. FIG. 14 is a bottom view of auxiliary
dopoveerrsupply rdllef bf 25 FIGLX1B] as seerpfror thesumdelneati.ate 18a.
Reference is made to FIG. 13 and.FIG. 14, first _auxiliary pawer supply
Auff lAte 18as %?o"i/‘lﬁoredsalf Iﬂ?ellﬁ ovrvﬁé‘[%eea% A(i)fg rear ﬁg@le%%ﬁpﬁly Tolfer 5, and
a uauXilingy-power.supplyelier 19,conseacutively atihe 26/341 dewnstream of
first auxiliary power supply plate 18a. Auxiliary power supply roller 19
dijpeledesithird aukiliaky power supply piaté 18¢ Whichsate s disposeéd ©

550,88 it makes contact with the bottom frtS f@ugljclarg power s%ppil)yf e

fro &r 1o ara %g?o%woeﬁhes FSIRRT Sther than that where anode electrode 3

r ohaver corfaetto.Jriesh awxiliary powerssupply plate 18a and cuxdiatyave
power supply roller 19 are provided for 10 applying a certain voltage to
Cogriotételéctrode 3 from the bonding surface (adhesive layer 3e). Although

not showdn e drawing frataudiancanes sunply. platg 18, guiliary

power supply roller 19 and second auxiliary power supply plate 18b are
aucoupleghwittpower supply roller 19 are provided for
applying a certain voltage to anode electrode 3 from
the bonding surface {(adhesive lavyer 3e). Although not
shown in the drawing, first auxiliary power supply
plate 18a, auxiliary power supply roller 19 and second
auxiliary power supply plate 18b are coupled with
power supply 14.

As shown in FIG. 14, a solid electrolytic
capacitor manufacturing apparatus 1n accordance with a
third embodiment i1s provided with third auxiliary
power supply plate 18c which is disposed so as it
makes contact with auxiliary power supply roller 19 at
a region of the roller other than that where anode
electrode 3 makes contact to. Therefore, there is an
open space on the surface of auxiliary power supply
roller 19 at the side opposite to that where ancde
electrode 3 has contact.

During the operation, there can be some cases
where fragments of adhesive layer 3e, which were
disclosed accompanied by incised face 3g of substrate

3a as the result of thrusting by power supply pin 5a
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15 power supply 14. As shown in FIG. 14, a solid electrolytic capacitor
manufacturing apparatus in acco(regirzc with a third embodiment is
provided with third auxiliary pow p%p[%y plate 18c which is disposed so
as it 20 makes contact with auxiliary power supply roller 19 at a region of
the roller other than that where anode electrode 3 makes contact to.
Therefore, there is an open space on the surface of auxiliary power
thsupplyt:railer 12 atthe sidecapposite totthatiwhere dnodet25:electioder3/

has contact. During the o ratic%rbﬁtrere can be some cases where
PRty B daSHE Tayer Je WHICH whre: 0rsEi6séd Acconparibtiby

rJngised face 3g-efsybsteate r3asas Be Kesul-of ustingbypower suphiy
pin 5a 27/34 through anode electrode 3, stick on first auxiliary power
a gsupplyplate 18a avd addliaty: powerSupply arbllercln £9én iftheskhey can

contamiTants heaped u%and aggd to deterior%te an (%Iectgical cor%nection,
be easi g remo%ed rog % CLxcuq er?q 1%$ surrace
théy can 5 be easily removed fromthe Circumierential surface using a

usweofen piecerwithiaslvent, gle.daking dvaiags ofthe open space.
The contaminant removing operation can be carried out without stopping
ady Mamfdct@ring dperativalTRétéfofe, thé kentaminanti i@ rehtovirgrean: g

ol Ri0ne, The A Sl eclohi apeclor pangey
mamanufactunrigproduetivity tosthose Dhtheditsire, the contaminant
removing can be done as a routine. Thus a solid
electrolytic capacitor manufacturing apparatus in
accordance with the third embcdiment 1s supericr in
the manufacturing productivity to those of the first
and second embodiments. Furthermore, as FIG. 1h, a
power supply waveform chart, indicates it offers

stable power supply for implementing a high guality

electrolytic polymerization.

INDUSTRIAL APPLICABILITY

A solid electrolytic capacitor manufacturing
apparatus in the present invention can provide a
stable power supply for electrolytic polymerization,
even when an anode electrode made c¢f low cost material
is used on the manufacturing apparatus. This means
that it can offer high-guality solid electrolytic
layers cn stable basis. The present manufacturing
apparatus would be especially advantageous when
introduced in the production of sclid electrolytic

capacitors to be used for such applications where the



and second embodiments. Furthermore, as FIG. 15, a 15 power supply
waveform chart, indicates it offers. st rgl power supply for implementing a
high quality electrolytic polymeriz%ﬁtfl X %NDUSTRIAL APPLICABILITY 20
A solid electrolytic capacitor manufacturing apparatus in the present
invention can provide a stable power supply for electrolytic
polymerization, even when an anode electrode made of low cost material

Lo esed vp temanrufacturing pgaratas Thisymeans: 25 thiat it can offert = d .
high-quality solid electrolytic layers on stable basis. The present
manufacturing apparatus would be especially advantageous when
introduced in the production of solid electrolytic capacitors to be used for
such applications where the 28/34 lower impedance in high frequency
region is requested. 29/34 CLAIMS 1. A solid electrolytic capacitor
manufacturing apparatus comprising: 5 a top-open polymerization tank; an
anode body supply section for transferring an anode body of belt-shaped
electrode foil into polymerization solution kept in a polymerization tank; an
anode electrode bonding section for bonding 10 belt-shaped anode
electrode on an upper surface of anode body prior to immersion in the
polymerization solution;
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a cathode electrode arranged at both sides in a width direction of the
anode body bonded with the 15 a g% ; electrode and transferred in the
polymerization solution in a noncont (?’[ tatus with respect to the anode
body and to the polymerization tank; and a power supply for applying a
voltage between the anode electrode and the cathode electrode, wherein,
20 a solid electrolytic layer composed of conductive polymer is formed on
the surface of anode body by eldGuBEME polymerization while the anode
body is transferred in the polymerization solution with a voltage being
applied between the anode 25 electrode and the cathode electrode. 2.

1. The, salighalecteoiiscapacitor mandfagturing rapparatuys eficlaimmly
wherein the belt-shaped anode electrode to be bonded on the upper

ap§Lirfaeé v the 0P84 apdde body used thereon is formed of an aluminum
foll or an aluminum fail clad materla as sub tratg and a conductive thin
layer of aﬁgascf%ne miatenal esejrecgfledl ffom ﬁ1e group of nickel, carbon
and S:stainlessi stegbig provigeshat assurface, apposite ta-arbondinging an
surface. 3. The solid electrolytic capacitor manufacturing apparatus of

an@sifn £ 3athe? EoRDHSING TS froft fowleF SEspIy- follér disposed at a
oogTABD e e St o ST e SO n P
conductivethinle electrode bonding secticn for bonding
belt-shaped anode electrocde con an upper surface of
anode body pricr tTo immersion in the polymerization

solution;

a cathode electrode arranged at both sides in a
width direction of the anode body bonded with the
anode electrode and transferred in the polymerization
solution in a noncontact status with respect to the

anode body and to the polymerization tank; and

a power supply for applying a voltage between

the anode electrode and the cathode electrode, wherein,

a solid electrolytic layer conmposed of
conductive polymer is formed on the surface of ancde
pody by electrolytic polymerizaticn while the anode
body is transferred in the polymerization solution
with a voltage being applied between the anode

electrode and the cathode electrode.

2. The solid electrolytic capacitor manufacturing
apparatus of claim 1, wherein the belt-shaped anode

electrode to be bonded on the upper surface of the
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layer; and 15 a rear power supply roller disposed after the anode body
has been pulled up out of the pogﬂ%gz[lation solution for applying a
voltage to the anode electrode fr e'side of the conductive thin layer,
wherein, 20 a plurality of power supply pins, whose tip ends are cut
obliquely, is provided at a circumferential surface of the rear power supply
roller. 4. The solid electrolytic capacitor manufacturing 25 apparatus of

angldien 3avherein ¢he povwersupply pinscars ofientdted soxharntheir foil
obliquely-cut faces are .cﬁrecl‘led &owards an Lipstream of trgnsfter of the

© Ianaor(]‘,ie"ir)“‘dt‘ir)]?‘,"}"annléma pl?s -upcar%ouﬁltao? 6t"zhl'ﬂe““ﬁiowe&? Ssupsr‘fli{/) Splnréaov%r a %T/%4

a swiege ot thedeanpower sypply alleg is areater: thanea thickness:aof the
anode electrode. 5. The solid electrolytic capacitor manufacturing 5

s edppakatds SFclaimt3 svHersin @ fivst dukiias powed SGpply platk is

provided. at a.downstream of the rear pawer supply. roller for _applyin
e T ahoe SEchade Ta e Sidb of e porant & s 50 €

b o hhei selid elactrglytic capacitor manufacturing apparatus of claim 5,
wherein a second auxiliary power supply plate is provided at a
downstream of the first auxiliary power

3. The solid electrolytic capacitor manufacturing
apparatus of claim 1, further comprising:

a front power supply roller disposed at a
location before the anocde body 1s immersed in the
polymerization soluticn for applyving a voltage to the
ancde electrode from a side of the conductive thin
laver; and

a rear power supply rocller disposed after the
ancde body has been pulled up out of the
polymerization solution for applying a veltage to the
anode electrode from the side of the conductive thin
layer, wherein,

a plurality of power supply pins, whose tip ends
are cut obliguely, 1s provided at a circumferential

surface of the rear power supply roller.

4. The solid electrolytic capacitor manufacturing
apparatus of claim 3, wherein

the power supply pins are crientated so that
their cbliguely-cut faces are directed towards an
upstream of transfer of the anode body, and

a push-up amount of the power supply pins over
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15 supply plate for applying a voltage from the side of the bonding
surface. 7. The solid electrolytic ggazat&r manufacturing apparatus of
claim 5, wherein 20 an auxiliary pply roller is provided at a
downstream of the first auxiliary power supply plate for applying a voltage
from the side of the bonding surface, and a third auxiliary power supply
plate is disposed 25 so as to contact with auxiliary power supply roller at
sua place other tham aplace whererthe apode/electidder makesi contact to

the auxiliary power supply raller. 8. A solid electrolytic capacit
o Bndrab ARG 35731 Methbd beRBAEY Gt 4 Solicretectrolyt

electrolytic
capacitor manufacturing apparatus, the solid electrolytic capacitor
manufacturing apparatus including: a top-open polymerization tank; 5 an

5 . anddebedy supply sectiorrtby transfering @h tanode Dody of eltdiaped

. elg%tr desfoi(I) ipto p(a)I. rr}g{wegizat&iﬁp Sroéliti,?n kept in a polymerization tank; an
*Eiode eléctrode von ing Séction for bonding belt-shaped anode

electrode ppan upper surface of ctlanogde bedy;prarde immersionin the ¢
polymerization solution; a cathode electrode arranged at both sides in a
atwilti@irectidn ofthe @hodd BodiEBohdedWWith thelRindde BReétréde akd

a pfpﬁee_jé%séf%ﬁidﬁg%el RQlyyperization 15 solutign in,a nencontactstatis with
side of the bonding surface.

6. The solid electrolytic capacitor manufacturing
apparatus of claim 5, Wherein

a second auxiliary power supply plate is
provided at a downstream of the first auxiliary power
supply plate for applying a veltage from the side of

the bonding surface.

7. The so0lid electrolytic capacitor manufacturing
apparatus of claim 5, wherein

an auxiliary power supply roller is provided at
a downstream of the first auxiliary power supply plate
for appliving a voltage from the side of the bonding
surface, and

a third auxiliary power supply plate 1s disposed
so as to contact with auxiliary power supply roller at
a place other than a place where the anode electrode

makes contact to the auxiliary power supply roller.

8. A sclid electrolytic capacitoer manufacturing
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anode body and to the polymerization tank; and a power supply for
applying a voltage between the anode electrode and the cathode
electrode, the manufacturing methéd éémprising: 20 forming a solid
electrolytic layer composed of conductive polymer on the surface of
anode body by electrolytic polymerization while the anode body is
transferred in the polymerization solution with a voltage being applied
nehetwaen thefanode ¢lectrode and 251the cathede: elettyade: 9« khe: sdlido r
electrolytic capacitor manufacturing. method of claim 8, wherein the

mepathdd 1 perfmel Uidihg d'solid 33734° Bk Ltolticcabatitor t
c=panuiaeturing gpparats, the Solid electrolylc Gapaciior manufacturing

apparatus including: a front power Supply roller disposed at'a 5 location
before:ithé anede bodyus immensedart then palymerization solution for
applying a voltage to the anode electrode from the conductive thin layer

side; a'réal pOWEr SUPPH rolidr ispoS&d afte? the” Ahodd Body rasbeen 27

arRulled yip oyt ofthg é@tPDB'\%%Sié@“Q{‘l%C&%@B der applying:a voltage to the
anode electrode from the conductive thin layer side; and a plurality of

P opawet supply pins, whdsettipo ends are cut obliquelyyisgprovidédiatra tHhnk;

circumferential surface of e fear poWenSPY. ction for bonding
beit-shaped anode electrode on an upper surface of
ancde body prior to immersion in the polymerization
solution;

a cathode electrode arranged at both sides in a
width direction of the anode body bonded with the
anode electrode and transferred in the polymerization
gsolution in & noncontact status with respect to the
anode body and to the polymerization tank; and

a2 power supply for applying a voltage between
the ancde electrode and the cathode electrode, the
manufacturing method comprising:

forming a solid electrolytic laver composed of
conductive polymer on the surface of ancde body by
electrolytic polymerization while the ancde body is
transferred in the polymerization soluticon with a
voitage being applied between the anode electrode and

the cathode electrode.

9, The solid electrolytic capacitor manufacturing
method of claim 8, wherein

the method is performed using a solid
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roller; wherein, a voltage is applied to the anode electrode from the power
supply by breaking the solid electrolytic layer formed on the surface of the
anode electrode 20 with the powe?f%d&ﬁy pin. 10. A solid electrolytic
capacitor manufactured in accordance with a manufacturing method
recited in claim 8 or 9.

electrolytic capacitor manufacturing apparatus, the
solid electrolytic capacitor manufacturing apparatus
including:

a front power supply roller disposed at a
location before the anode body 1lsg immersed in the
polymerization solution for applying a voltage to the
anode.electrode from the conductive thin layer side;

a rear power supply roller disposed after the
anode body has been pulled up out of the
polymerization solution for applying a veoltage to the
ancde electrode from the conductive thin layver side;
and

a plurality of power supply pins, whose tip
ends are cut obliquely, is provided at a
circumferential surface of the rear power supply
roller; wherein,

a voltage is applied tc the anode electrode from
the power supply by breaking the solld electrolytic
laver formed on the surface of the anode electrcde

with the power supply pin.

10. A solid electrolytic capacitor manufactured in
accordance with a manufacturing method recited in

ciaim B8 or 9,



