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METHOD OF MANUFACTURING SOLID
ELECTROLYTIC CAPACITOR, AND
APPARATUS OF MANUFACTURING THE SAME

Technical Field of the fnventidn

The p..resent im.'ention _ relates to a me,t_hod. of
manufacturing a solid electrolytic capacitor 'having a .};igh
polymer soli'd electrolyte, and #n apparatus of manufacturing

the same. : :

Background of the Invention
In the recent trend of higher frequen_cy in power source
circuits of electronic appliances, electrolytic capacitors used in

such electronic appliances are demanded to have an excellent

- high frequehcy characteristic. To meet this demand, in order to

realize low impedance in high frequency region, a solid

electrolytic capacitor using conductive high ponmer having a

high condﬁctivity: obtained by electrolytic pols;merizati'dn as
solid electrolsrte is béing proposed.

In .a method ' of. _manuf,a'ctur.ing a solid. e_lectrolyf.ic'
capacitor using conduétive high folymer as solid electrolyte, as a
method of forming a conductive high polymer film on an anodic

forming film (dielectric) having an electric insulator, it is



proposed to develop a method of forming a .c'E'nductive high
polymer film compfising a step éf forming a metal oxide (for
example, manganese dioxide) formed on an anodic forming film
or a conductive high pofymer film (for example, conduc.tive high
polymer film having' pyrrole chemically oxidized by ammonium
' pe'rsulfaté) formed by chemical oxidation polymerization as a
‘conductive layer, and a siep of feeding current to this conductive
layer i:o perform' electrolytic polymerization.

However, in order to form a high polymer filﬁ | by
electrolytic polymerization simultaneously in the individual
cap'acitdr eléménts of a plurality pf “capacitor eiements: the
following method is required. That is,- as shown in Fig. 10, in
an electrolytic solution 6 containing monomer such. as pyrrole.
and sﬁpport- electrolyte (hereinafter called polymerization
solution), each anode elecfrode 8 having a valve metal aﬁd each.
éurrent feeding electrode 9 (hereinafter called pé)lymerization
electrod;) contact with each other. Using this ponmerizatidn
electrode 9 as the positive electrode, vol.t_age is applied between
the polymerization electrode 9 and cathode 10, and electrolytic
'polyme_z.'_izgtion is performed. In this case, 1.'.he poiyinerization
electrode 9 contacts directlylwith the conductive layer on the
| anodic forming film pf the anode électrode 8 of valve metal.

However, the conventional manufactu'ring'.method of solid
electrolytic capacitor requires complicated éteps such as a step

of preparing one polymerization electrdde 9 for one capacitor
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element, and a step of contacting between one polymerization

électrode and one a_nodé electrode 8 of valve metal. It is hence

 difficult to mass-produce efficiently.

Besides, when the. polymerization electrode 9 contacté
with the conductive layer on the anodic forming'film"bf the anode
électrode 8, the anodi¢ forming film may be injured to cause a
defectiv-e part. This defective part may contact with the
conductive high polymer film used as the cathode. Accordingly;
the product manufactured by this xr.1ethod may have a large léak
current -and a low withstand voltage. In the conventidnal
method_, hence, it was difficult to obtain a capacitor 'element for
realizing a solid electrolytic capacitor of high reliability.'

Yei;, when assembling a solid electrolytic‘ capacitor- by
using a capacitbr element manufacturea by this copventional
method, it is required to joiﬁ i_'ndepéndent terminal members (not

shown) individually to the anode and cathode (not shown) formed

on the capacitor element, and cover with external resin (not '

shown). If hence involves many problems in the assembling
precision and.the number of assembling steps.

It is t.herefore ah object of the invention to .present a
method of manufacturing a solid electrolytic capacitor having
excellent characteristics, su'perior r'eliability, and'outstanding

mass producibility, and an apparatus of manufacturing the

same.
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Summary of the Invention

A manufacturing method of solid electrolytic capacitor of

the invention comprises:

(a) a step of supplying a band metal having a central part

in the width direction and a plurality of protrusions formed at

~

an end part in the width direction,
(b) a step of fo_rming a dielectric lé.yer on fhe surface of
the plurality of protfusions, |
| (c) a step of adhering a cond_uc‘ti\.re tape to the 'cent.ral
part, | |
(d) a step of formirig a éondu;tivé high polymer film above
the plurality '_of protrusions, By perforrhing éleétrolytic
polymerizétion by st:.arting polymerization from the c‘qnductiv.e

tape;

(e) a step of peeling the conductive tape from the metal,

#nd

(f) a step of fabricating a plurality of capacitor elements

by cutting off individual protrusions from the plurality of

protrusions, from the band metal forming the conductive high
polymer film.

Preferably, the invention further comprises:

(g) a step of placing a conductor layer above the dielectric

layer, in which the conductive high polymer film is formed on the

conductor layer.

Preferably, the step of forming the conductive high



polymer film includes a step of polymerizing the conductive high

polymer film on the conductor layer electrolytically, by using the

conductive- tape as a common positive electrode, and using

electrodes connected. to the individuél power sources as
individual independent neg_ative el‘ectrodes.

~Préferab1y, the."in.vention includes at least one of the
following steps:

(h) a step of laminatir_lg each capacitor element of the
plurality of capacitor elements at a specified position of a "bz'and

metal lead frame having a plurality of pairs of terminal parts,

(i) a step of cc_)_nnecting_ each pair of terminals of the

plurality of pairs of terminals electrically to the anode lead-out

part and cathode lead-out part respectively,
“(j) a step of covering the laminated capacitor elements
with an external resin, and
(k) a step of fabricating individual solid’ elect.roly_tic
capacitors by cutting off the pair of terminal parts having the
covered capacitor elements, fl;om the metal lead frame.
Preferably, the step of supplying the band metal includes
‘a step of adhering an'electric insulating tape to the central part,
forming an anode lead-out part at the centrgl part side, and
forming a cathode lea(_i-out part on the 'protrﬁsions,
the anode lead-out part and cathode lead-out part are
electrically insulated by the electric inéulating tape,

the conductive tape is adhered on the electric insulating

[
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tape, and
the conductive high poljmer film is formed on the cathode.

lead-out part.

A ;nanui:acturing appar_.atus lof. solid . electroiytic
cépacitor .of thé invention comprises:

- (a) a band metal supply uﬁit for supplying a _‘band metal
having a central part, and a plurality of protrusions formed at
least at one side.e_dge oé’ both side edges positioned at both sides
of the central part, |

(b) a dielectric forming unit for ~f.orming a dielectric layer
on the sux;face of the plurality of protrusions,

(¢) a conductor forming unit for foxlming a.conductor layer
on the dielectric layer,

(d) a conductive tape adhering unit for -adhering a
conductive tape to the centrai part,

| (e) a‘n electroljrtic pol&merization unit for forming a

condu.ctive high polymer film above the plurlality-of conductive
layers, by perfo_rming electrolytic polymérization by starting :
polymei'iz_a:tion from the conductive tape,

(f) a conductive tape pe-eling unit for ‘ peeling the
-conductiv.e tape from the metal, and o

(g) an element cutting unit for fabricating a pluralit;v of )
capacitor elements, by cutting off individual protrusions f_r'om

the plurality of pfotrusions, from the band metal forming the



cond.ucti\.re high polymer film.

Preferably, the band metal supply unit 1ncludes a slit
- forming un1t for formmg a plurahty of protrusmns by formmg a
plurality of slits at spec1f1ed mtervals in the end part in the
width direci';ion of the band metal. -

Preferably, the .invention comprises af least one element
~ of the following constituent elements:

(h) a laminating unit for laminating individual capacitor
elements of the plurality of capacitor elements at specified
positions of a band metal lead frame having a.plurality of ﬁairs
of terminal parts, .

(i) a connecting unit for connecting terminals of each pair

of the plurality of'pa_irs of terminals electrically to the capacitor

~elements,

(G) a forming unit for covéring the laminated capacitor
elements with an external resin,'.and‘

(k) a product dividing unit for fabricating individual solid
electrolytlc capac1tors by cutting off the pair of termmal parts
having the cov.ered capacitor elements from the metal l_ead
frame. |

According _to such manufactu.ring method and
manufacturing apparatus, it is easy to work in the stepé from
_forminé treatment to electrolytic polymerization for
manufacturing a plurality of capacitor elements continuously,

and the mass producibility notably enhanced. Moreover, it
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prevents occu::_fenqe of defective part.-'due to injury of the anode
foil. Therefore, occurrence of defective part in the conductive
‘high polymer film is prevented. As a result, the invention
_provideé a capacitor element for solid electrolytic capacitor
having excellent performanc.es, such as a small leak current,
high withstana voltage, and excellent reli#bility.

The process from the step of laminating a plurality of
capacitor elé:ﬁents on a band metal lead frame forming and
having termi.n_als to the sf.ep of covering these lamina_ted matters
with an external resin can be done -continuo.usly by using the
band metal lead frame. Accordingly, the solid éleétrolytic
éapacitor having an excellent assembling pl;e_cision and"a_hi'gh

reliability can be manufactured efficiently.-

Brief Descriptibn of the Drawings

Fig. 1 is a conceptu.al.diagram of a manufacturing
ai)paratus showing a manufacturing method of z; capacitor
_element in a _manufacturing method of a solid éle_ctrblytic
capacitor in'an embodiment of the invention.

Fig. 2 is a plan view ;howing é. sf;ate of bpening holes in an
anéde foil in a manufacturing method of a solid electroiyiic
capacitor in an embodi_ment of the invention. |

Fig. 8 'is a .plan view showiné a state of adhering an
electric insulating tape on An anode foil in a manufacturing

method of a solid electrolytic capacitor in an embodiment of the



invention.

-Fig. 4is a plan view showing an anode-foil before forming
or other ;creatmen't of cut section, in a xﬁanufactﬁring method of a.
solid electrolytjc capacitor i1_1 an embodiment of fhe invention.

| F1g 5 is an essential.pe'rs.pe'ctive view showing cathode
lead-out parts formed individually' and independently, in a
manufacturing method of a solid electrolytic_: capacitor in an
.embod.inient. of the invention. |

Fig. .6 is a-plan view showing #n anode foil to which a
conductive tape is adhered, in a manufacturing ﬁethod of a solid
electrolytic c-:'apacitor in an embodiment of the invention.

| Fié; 71is a parfial plan view of a metal lead frame used in
a step of assembling é sdlid_ electrolytic capacitor, 'in a
manufacturing method of a ‘solid electfolytic'cﬁpacitor in an
. embodiment of the invention.

Fig. 8 is a partial plan v_iew showing a solid el_ectroiytic
cap.acitoi' formed by molding an external re.sin on a metal lead
frame, in a manufacturing method of a éolid electrolytic
c'apgcitor in an embodiment of the invention.

Fig. 9 .is a mahufacturing p'r(;céss " diagram in a
‘manufacturing method of a solid electrolytic capacitor in an
embodiment of the in_véntio'n.

Fig. 10 is a schelmati'c diagram shov.ving a constitution of
an electrolytic polymerization tank ‘'in a conventional

manufacturing method of a solid electrolytic capacitor.



Reference Numerals

1 - ~ Anode foil
2 Insulating taée
3 Anode lead-out part
4 . Cathode lead-out part -
5 'Conducfive tape
6 Polymerization solution
7 Four independent cathodes
11 Forming treatment step
12 Condu.cto;: layer forming step °

13 'Copductive tape a_dhering step
14 Polymerization step .

15 Conductivle tape peeling_ step
16  Metal le;.ad frame -

17 Elemént mounting unit

18 Anode terminal

19  Cathode termin'al.

20 Solid electrolytic capacitor

28 Slit |

24 Protrusion
Detailed Description of the Invention -

A process shqwing a manufacturing method of a solid

electrolytic capaéitdr in an embodim.en_i: of the invention is
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shown in Fig. 9. In Fig. 9, the manufacturing method of solid
electrolytic capacitor of the invention comprises:
(a) a step of opening continuous holes at specified

intervals, in the longitudinal direction of a continuous band

‘anode foil made of valve metal,

(b) a subsequenf.'step of separating the band anode foil, so
that. fil_e end part side in the width direction may be a cathode
lead-out pé.rt and that the central part side may be an anode
lead-out part, by adhering an ele;ctri_c insulating tape to f;a'ce_and
back sides of the anode foil so .as to cover the holes,

(c) a subseﬁuent step of forming a plurality of prot.rusions.
continuously by disposing slits at specified interira.ls in the end
part of the‘ cathode lead-out part,

(d) a subsequent step qf forming an.anodic' forming film as
a dielectric on the surface of the anode foil, |

(e) a subsequent step of adﬁering a conductor on the

‘anodic forming film of the cathode lead-out part uniformly in at

least one of insular state and.layer state,

(D) a_subsequent'stgp-of-fdrming a éonductive high polymer |

film in the 'cathode‘l-ea.d-o'ut.p.art through the conductor layer, by

adhering a conductive tape on the insulating tape, -and

performing eleétrol_ytic polymerization . by ‘ sfartiné
polymerization from.i:he conductive tape, | |

(g) a subsequent step of fabricating individual flat

capacitor elements, by peeling off the conductive tape and
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cutting off the band_ anode foil into individual pieces,

(h) a subsequent step of laminating a plurality of the flat
capacitor elements at specified-posttions of each terminal of a
 plurality of terminals provided at equal intervals in a b.a;.nd
metal “lead fratne, and connecting the individual caba’citor '
elements to the terminals electrically,

| i) a subsequent step of covering the plnrality of capacitor
elements integrally with an external resin so that part of the
'-terminals may be exposed outside, and

() a snbsequent step of cutting off the covered elements
into 1nd1v1dua1 pleces and separating from the metal lead frame.

In this constitution, it is easy to work in the steps from
forming treatment to electrolytic polymerlzatlon for
manu'fa'cturing_ a plurality of capacitor eloments- continuously,
and the mass producibility notably enhanced..

Moteover, since electz;olytic polymerization is performed
by applymg a voltage through the conductor layer, by startlng
polymenzatlon from the. conductlve tape adhered adjacently
without con_tactmg with the cathode_ lead-out part, it prevents
occurrence of defectlve part due to 1nJury of the anode foil.
Hence, contact of the conductive h1gh polymer film as the
cathode with the defectlve. part is prevented.' Therefore,’
occurrenco of defectiv-e part in the conductive.highlpolymer film
is prevented. As a result, the invention provides a capacitor

elernent for solid electrolytic capacitor having excellent
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p'erformances, such as. a small leak current, high withstand
voltage, and excellent reliébiliiy.

Preferably, thé_ step of foz;ming the conductive film.
inclu&es a step of forming the conductive high polymer film by |
electrolytic polymerizafion, by using the conductiv_é tape as a
common anode, and using a plurality of cathodes connected to
independenf. povs}er sources. In this éonstitution, in addition to
the above actions, the pbtential,at_the time of electrolytic
polymerization ié uniformly ab’plied to each cathode lead-out
part. 'As a resulf, a con.ductive high polymer film having a
uniform film is formed. |

Preferably, the base material of the conductive tape is
made of at least one metal free from anodic oxidation property
selected from stainless steel and nickel, and the adhc.-:sive'
material has an adhesive agent whi'ch can be easily peeled from
the adherend. 1In this constitution, the above effects are
further enhanced.

Pieferably, the conductive high polymer fi_lm includes a
polymgr having at least one selected from the group consistix;g of
p:}rrole, thiophene, furan, and-their derivativ.es, as unit of

repetition. In this constitution, the above effects are further

enhanced.

A hanufacturing apparatus of solid electrolytic capacitor

in an embodiment of the invention comprises:
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a drilling unit for opening a plurality ofl holes
continuously af specified intervals in 'theilong'itudiljxal direct.ion
of a continuous band anode foil made of a valve metal,

an insulating tape adhering unit .fbr adhering an
insulating tapé to face and back sides of the anode foil so as to
cover the'plurality of holes, -

a slit forming unit for fo\rming sli__.t_s at specified intervals
iﬁ the end part in the width direction of the anode foil,

a forming treatment unit for forrﬁing an anodic oxide film
by fornﬁng treatment, on a cut section of the anode foil produced
by fc;rming_ the slits,

a conductor layer forming unit fc:or forming a manganese
diox_ide layer by applying an aqueous'sdlution of mangaﬁese _
nitrate on the end_parf of the anode foﬂ after the forming
treatment, and performing pyrolysis_,.

| a conductive tape adhering unit for a-dhering a co_‘nductive-
tape on an insulating tape of an anode foil after forming the
conductor layer-,

a polymerization wunit for foiming a conductive high
' polymer film in tixe end part by-immersix.xg the anode foil to
which the conductive tahpe is adhered in an polymerization
. solution, and polymerizing electrolytically,

a conductive tapé ;.xeeling unit for peéing the conductive
tape from the anode foil after polymerization,

an element dividing unit for obtaining flat capacitor
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‘elements by cutting off the anode ft;i-l from which the conductive
fape is peeled into individual_pieceg, .

an element laminating unit for laminating and mounting
a plurality of flat capacitor elements at épecified_positions of a
plurality of terminals provided at equal i.ntervals .in the band
metal lead frame,

a connecting unit for connecting t_he electrode parj:s of the
plurality of glements.electrically to the terminals,

-a molding unit for covering the plurality of cﬁpécitor
elements integrally with-an external resin so that a part of the .
terminals ﬁ.ay be exposed outsidé, and-‘

a product dividin.g unit for dividing the capa-citor
elements after molding into individual piece-s‘.

In this constitution, a series of processes can be ekecuted
continuously. Hence, the produ'ctivity is e'xtremely improved.
Further, a 'solid‘ electr(.zlyt_ic capacitor having an excellent
assembling precisioﬁ'and a high reliability is obtained.

Preferably, in the _polymerization electrode when
performing electrolytic polymerization, the conductive tape
adhered on the insulating tépe'of the anode foil is used as a
common positive el_ectrode, and a plurality of stainless steel
plates disposed.inde_p_endently on the polymerization solution
surface so as to correspond _to thg plurality of cathode lead-out
portions. are | used as independent cathodes, and the

_polymerization unit is composed so as to apply a vdltage between
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the positive electrode and negative electrodes. In this
constitution, the potential is applietl uniformlly on the oathdde
lead-out parts at the time of electrolytic polymerization. As a
result, a conduetive high polymer film having a.uniform film is

'formed.

Referrmg now to the drawings, exemplary embod1ments of

the 1nvent1on are descnbed below

Exemplary Embodiment 1
Fig. 1 is a conceptual diagram of a manufacturing
apparatus for manufacturing elements of a- solid electrolyt1c

capac1tor accordmg to an embod1ment .of the invention. Flg 9

- shows a manufacturing process of a solid electrolytic capacitor of

the embodiment of the invention. The constitution of the

manufacturing apparatus and the manufacturing method are not

"limited to these illustrated examples alone. In the. following

explanation of the series of manufacturing method, each process

is described according to Fig. 1 and Fig. 9.

Filg. 2 shows a state of o'pening holes continuously at

specified intervals in the longi’tudinal direction, in an anode foil

1 made from a valve nletal In the embod1ment two rows of
holes la are formed in the w1dth direction. The anode foil 1 is
an aluminum foil (thickness 100um). The surface of the

aluminum foil has an electrochemically roughened surface, and
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an anodic forniiné film formed by a forming voltage of 35 V ie
"~ disposed on its surface. |

Fig. 3 shows a state of adhering an electric ineulating
tape 2 so0 as to cover the holes la of the anode foil 1 in Fig. 2-
from t'he face and back sides. By adhering this insulating tape
2 to the anode foil, it is .separated into an anode lead-out part 3 _
ahd a cathode lead-out part 4 as described below. |

As shown in Fig. 4, by forming shts at specified 1nterva1s
in the end part in the width d1rect1on of the anode foil 1 to wh1ch
the insulating tape 2 in Fig. 8 is adhered, individ_uall.yi
1ndependent cathode lead-out parts 4 are formed That is, the
band anode foil 1 has a plurality of protrusions formed at both ,
.ends, and the plurality of protrusions have cathode lead-out
.Iiarts 4. The cathode lead-out part 4 measures, for example, 3
mm X 4 mm. As indicated by dotted line in Fig. 4, the anode
lead-out parts.3 and cathode lead-out parts 4 which are¢ finally
divided into individual pieces are .separated by an insulating
tape 2. |

Fig. 5is a magnified_ view of essential parts of the cathode -
lead'-.out parts 4 individually forme.d indepen.dently hy forming
‘such slits as' mentioned above. As clear from F1g 5, the
insulating tape 2 adhered so' as to cover the holes 1a formed in
the anode foil 1 completely covers the holes la.- Accordingly, inh
the nianufacturing process of element mentioned .later, it is

effective to prevent the aqueous solution of manganese nitrate or
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polymerization solution from creeping up tc; the. gno&e lead-out
part 3 sidé.. |

Coﬁsecjuenﬂy, by for-fning t:eatment of the cut section of
thé anode foil 1 shown in Fig. 4, an anodic oxidation film was
formed (forminé treatment step 11 ghown in Fig. 1).

" In succession, the agueous solution of manganese nitrate .
was applied on the ca£hode lead-out parts 4, and by pyrolysis for
5 minﬁtes at 800T, a manganese dioxide layei' was formed as a
conductor layer (conductor layer forming step 12 in Fig. 1).

On the anode foil 1 prepared in this manner, a conductive
tape 5 was adheréd as shown in _Fié. 6 (conductive tape adhering
step 13 in Fig. 1).

Further, the anode foils 1 to which the conductive tape 5
was adhered in the above preparation were sequentially
immérsed in the polymerization solution 6 (an _a-queous solution
of 0.2 mol/liter of pyrrole, and 0.1 mol/iiter of alkyl naphthalene
sulfqnate). Using the conducﬁve tape 5 as a common positive
elegtrode, and using four staiﬁless steel plates disposéd on the
liquid surface as four independent cathodes 7, .a'voitage was
applied between the positi.vé .electrode and negative electrod'es,
and.electrols;tic. polymerizatio'n was performed. A condu_ctive
high polymexr film is formed on 1;he entire surface of the cathodé
lead-out parts 4. In the period from putting the a{node foils in
the tank containing the polymerization solution until taking out,

the polymerization started from the conductive tape 5, and a
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conductive high polymer film was formed.on the entire surface of ~

the cathode lead-out parts 4-in about 30 minutes (polymerization
step 14 1n Fig. 1).

Mofe_over,- the anode foil forming the conductive high
polymer film was taken out of. the polymerization solution 6, aﬁd :
the adhering conductive fape 5 was peeled off l(conduc_tiveltape
peeling step 15 in Fig.. 1).

In this way, a series of steps from formirig treatment until
polymerizati.on was execﬁt_ed continuously as shown in Fig. 1.
At this time, the sequential processing steps were carried out so
that the .rollers for conv_eying these samples might_ not céntact
with the cathode iea-d-out parts 4.

Aft.er forming.’_che' conductive high polymer film, a carbon
paint layer'and a silver paint layer were formed in specified
pbrtions of the c.onduétive high polymer film.

A portion used as a capacitor element was individuallsr cut’
off, and one capac_itor element was preb'are-d.' |

Then, takiﬁg out the cathode lead aﬁd anode lead, the
individual capacitor elements were externally coated with an o
ep-oxy fe.sin.

- Thus, a solid electrolytic capacito_r was cémplet:ed.

In the einbodi_ment, as required, pl.urai independent
negative electfc;des.ca'n be used.-

In the capacitor elements forl solid electrolytic capacitor

manufactured in this manner, the initial characteristics of.
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electrostatic capacify,- tanggnt of losé angle (dielectric - loss
tangent), leak current (10 V applied, 2 minutes), and withstand
voltage (breakdown voltage of solid elecétrolytic capacitor by
'eievating. voltage at a rate of 0.2 V/1 sec) were measured.

Results of measurement are shown in Table 1. - _

"Exemplary Embodiment 2

Instead of the manufﬁcturing process of exemplary
embodiment 1, the cathode le;a.d-out part 4 measures 2 mm X 2
mm. - At the step of electrblytic polyme'rization,. using the
conductive t.;.lpe 5 or polymerization €lectrode as the positive
electroae and a single stainless steel plate as "the caj;hode, a
~voltage was appliéd between the positive elgctrode and the
cathode, and a conductive high polyme.r. filﬁ was formed on fhe
entire surface of the cathode lead-out part 4 in about 10 minutes.
The other steps are same as in exemplary 'embodiinent.l. | Thus,
capacitor elements for solid electrolytic capacitor of exemplary
embodiment 2 were prepared. The initial .characteristics' of

these capacitor elements are shown in Table 1.

Comparative- Example

Instead of éxen;pla-l-ry' embodiment 1, a conductive high
. polymer fiim was formed on the anodic oxidation film by
chemical oxidation polymerization method 'uéing pyrrole. As

the oxidizer in the chemical oxidation polymerization,
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ammonium persulfate was used. While céusing the individual

polymerization electrodes to contact with the surface of the

_cbnductive high polymer film formed in individual protrusions,

electrolytic polymerization was performed in electrolytic

polymerization solution, and a conductive high polymer film was
formed on the surface_ of individual protrusions. That is, this '
example haé not the step of using conductive tape. The example

also has not the step of using band conductive tape. In this

,éxa‘mple, a conductive high polymer layer is forme_d on the

surface of one protrusion by-electrolytic polymerization, and a

~conductive high polymer layer is formed on the surface of other.

one protrusion by electrolytic polymerization, and this process is.
repeated. The electrolytic polymerizafion solution is combbsed
of same componénts as in exemplary embodiment 1. Thus, a
conductive high polymer film having the same com'position as in
exemp-lary. eml;odimenf 1 was formed on the conductive high

polymer film formed by chemical oxidation polymerization. The

- other steps are same as in .exempléry embodiment 1. Thus,

capacitor elements for solid électrolytic capacitor of comparative
example were prepared. The initial characteristics of these

capacitor elements are shown in Table 1.

21



¥)

Table 1

Electrostatic | Dielectric loss Withstand
capacity tangent = |Leak current voltage

(pF) (%) (rA) (A)
Exemplary
embodiment 8.42 1.2 0.02 23.1
1 .
Exemplary
embodiment 1.08 1.1 0.01 22.6
9 )
Comparative 3.54 1.6 - 2.4 16.0
example '

In Table 1, the rating of exemplary embodiment 1 is 10 V,

3.3 uF,. the rafing-of exemplary embodiment 2 is 10 Vv, 1.1 uF, and -

 the rating of comparative example is 10 V, 3.3 nF.

As clear from this table, the capacitor elements for solid
electrolytic capacitor of the exemplary embodiments are small in
leak current and high in wii;hstand' voltage. Further, by
forming a plurality of slits 28 at both sides of the band anode foil
1, a plurality of protrusions 24 are formed, and a conductive high

polymer film is formed on the plurality of protrusions 24, so thﬁt

a plu_rality of elements can be continuously manufactured by

electrolytic polymerization. As a result, an exéellent mass
producibi_lity is obtained. _

_Moreover, by us.i‘n'g' a cpnductive t_ape_. 5 as t_he
polymerizétio_n electrode, in the method ‘of forming the
conductive-high. polymer film, as compared with the method not
using the conduétivé.tgpe in the comparative example, the
conductive.lﬁgh polymer film can .be formed easily on the

plurality of protrusions. As a result, an excellent mass




producibility is obtained.

In the exemplary gmbodixﬁents"l and 2, aluminum was
~used as the anode foil .1, bﬁt not limite& to this, the anocie foil ..
m& be also-méde of t#ntﬁlum, titanium, or the like. The shape
and dimensions of pfotrusions are not limited to the values of
- the illustrated ehbodiments alone. Manganese dioxide was
used as the conductor layer, bu.t not limifed to this, other
-con_dizctor layer having an electric conductivity ‘may be used.
Pyrrole was used as the material of electrolytic polymeri'zation'
for forming conductive high polymei' film, but thiophene, furan
- and their deriva'tives may be also uéed in the same manner as
mentioned above. As the support electrolyte, alkyl naphthalene
sulfonate was use.d,.but not limited to this, other support
electrolyte ma_terials may be also used. The number of steps
and sequence of steps -are not limited to the exemplary

embodiments alone, and other number of steps or sequence can

be executed similarly.

Exemplary Embpdiment 3

A different exémplary embodiment of the invention is
described while referring to Fig. 7 a_nd | Fig. 8.
| Fig. 7 shows a band me_t.al lead frame 16 for assembling a
produc!; by using capacitor elements for solid electrol'ytic
capacitor manufactured in exemplary embodiﬁents 1 and 2.

This metal lead frame 16 includes a plurality of element.
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-mounting parts 17,' a plurality of anode terminals 18, and a

plurality of cathode terminals 19. - The plurality of element
mounting parts 17 are formed at constant intervals. A plurality

of capacitor elements are mounted on the individual element

_ﬁmunting parts 17. Individual anode terminals 18 and

cathode terminals. 19 are connected to the individual element

“mounting parts 17. The anode terminal 'IS_connects the anode

of the capacitor element. The cathode terminal 19 connects the
cathode of the capacitor element.
A bplurality of capacitor elements are laminated and

mounted on the element mounting parts 17 of thus constituted

‘metal lead frame 16. Afterwards, _the é.node and_ cathode of the

capa.ci.tor: élemen_t are electrically connected to the anode:
terminai 18 -and catinode terminal 19, 'respgctively. ’i‘he
plurality o.f the cé.pacitor elements are entirely and integrally
c-overed with an external resin by molding. Thus, ﬁ solid
electrolytic capacitor is formed.

Fig. 8 shows the staté of the solid electrolytic capacitor
after molding. In Fig. 8, a solid electrolytic capacitor 20 is
integrally molded by an external resin. |

The plui‘ality of solid electrolytic capacitors 20 thus
assembled are furthé? processed in several steps as required.
Later, the i.ndiyidual solid electrolytic capac.itors are separated
from the metal lead frame 16. Thus, individual solid

electrolytic capacitors are obtained. In this method, a plurality
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of.'solid- electrolytic’ capactitors are assembled continuously.

 Accordingly, the solid electrolytic capacitors having an excellent

‘assembling precision and a high reliability are_produce,d at a

superior effi:ciency. :

As cléar from 'th.e éxempl#ry em.bodi-ments, by the -
manufacturing method includ_ing a step of forming conductive
high poiym_ér films by eléctrolyti_c polymerization continuously
on each protrusion (.)f a plurality of protrusions by adhering an
insulating tape to the band aﬁodé_ foil having'tl'le plurali.tj.r of
protrusions, a plurality of c-apacitor elements can be processedl
continuously fz_'om‘_t.he forming tréatnﬁe.r1t step to the eléctrolytic
polymerization step, and the work is extremely easy. As a
result, thé méss producibility is notably improved. Further,
solid electrolytic capacitors having excellent characteristics 'a're
obtained.

Still more, the condﬁctive tape is adhered without |
touching the cathode lead-out paft, and starting polymerjzation
from this conductive tape, by applying a voltage throp.gh the
conductor layer, electrolytic p'olymerizati'on is performed, and
therefore the anode foil is not injured and occurrence qf
defective'pa'rt is prevented, thereby évoidihg contact between
defective pa&t and the conductive high polymer film use_d as the
cathode. ‘As a resu1-t; a capacitor element for solid electrolytic
capacitor having excellent characteristics such as.'small_ leak

current, high withstand voltage and superior reliability is

25



prrn

obtained.
Moreover, the process from the step of laminating a
plu:ality of capacitor elements till the step of molding the

plurality of laminated capacitor elements with resin is executed

‘continuously .by using a Lioop metal lead frame in a teimin_al

shape. Accordingly, 'solid electrdlytic capacitors having an .
excellent assembling precision and a high reliability can be

produced at a high efficiency.
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What v caimed i g g

1. A manufacturing method of solid electrolytic
capacitor comp':_:ising the steps of:

(a) suppljing a band metal having a cenfral part i_n a
width direction and a pluz;aiity o_f protfusions formed at an e-nd
part in said width direction_, |

..(b) for'ining a conductor layer above a surface of said
plurality of p'rotrusibns, |

(c) adheriné a conductive tape t§ said central part,

(d) forming a conductive high polymer film above said
plurality of protrusidns, by performing electrolytic
polyme.rization by starting polymerization from said conductive
tape,

(e) peeling said conductive tape from said metal, and

(f)_ fabricating a plurality of capacif.or élements by cutting
off each protrusion of said plurality of protrusions, from saia

band metal'formixig said conductive high polymer film.

2. The manufacturing method of solid electrolytic capacitor
of claim _'1, furt};er comprising a step of
© placing a conduc_:tor layer above said dieiectric layer,
w;herein said éonductive.high polymer film is formed on

said conductor layer.

(5
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3. | The manufac_turing."'methé_d of solid electr'o_lytic

capacitor of claim 1, |
~ wherein said step of supplying the baﬁd inetal includes a

-step- of adhéring an electric insulating fi1ﬁ1 to said central part,
 forming an anode lead-but part at said central .p'art side, and
forming a cathode lea_d-oﬁt part in said protrusions,

sai-d.ano'de'lead-'out part and cathode lead-out part are
electrically insulated by said electric insulating tape,

said conductive tape is adhered on said electric insuliat.ing'
tape, and

said conductive high polymer -film is formed on said

cathode lead-out part.

4 The manufacturing method. of solid electroly;ic'

capacitor of claim 1,

wherein said step of supplying the band metal includes

the steps of:

opening a plurality of holes at specified intervals in a :
_. longitudinai direction of said band metal, and

adh.eri'né an electric inéulating tape to cover _éaid
pl_urz;.li_ty ofiholes, and

‘said conductive tape is adhered on said electric insulating

tape;

AR ) O |

5. The manufacturing method of solid electrolytic



éapécif'or of claim 1, |

wherein said step of forming the conductive high polymer
_filﬁ includes a step of

immersing said band metal to which s'a.i& condu’c.tive tape
is adhered in a polymer.iz'atio.n solution; and while using said
conductive tape as a positive electrode and us..i'ng an electrode
placed in said pol&merization solution as. a negatiire electrode,
and performing electrqutic polymerizat.ion'b:} appllying a voltage

between said positive electrode and negative electrode.

6. .Th.e manufacturing method of solid electrolytic

capacitor of claim 1,

wherein said band metal is made of a metal foil h'aving a

valve action.

7. The manufacturing method of solid electrolytic
capacitor of claim 1, further corhprising:

a step of laminéting each capacitor element _of'said

plurality of capacitor elements. - ”mm I"I _
A
8. The manufacturing method of  soiid ._electrol"ytic
.cap'acitor_ of claim 1, further comprising the sfeps of:
laminating ea-ch cap'a.citor element of said plurality of
capacitor elements at a sp.ecified position of a band metal lead

frame having a plurality of pairs of terminal parts, and
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fabricating individual solid electrolytic capacit-ors by

cutting off said pair of terminal parts having said laminated -
/

ql \\l\l I

9. The manufacturing method of solid electrolytic

capacitor elements, from said metal lead frame

cﬁpacitor of claim 1, further comprising the st'eps of:

lamipating each c'apabitor element of said plurality of
capacitor elexﬁents at a .specified poéition of a band metal lead
frame having a plurality of pairs of terminal parts,

connec_ting each pair of terminals of said plurality of pairs
; o-f ter.minals electrically to the each "anode l-ead-out parf and
each cathode lead-out paft respectively, -

coveriné said laminated capacitor elemenffs with an
external resin, -and

fabricating individual solid electrolytic capacitors by
cutting - off said paii‘ of 'terﬁlinal p.arts.-having said covered

capacitor elements, from said metal lead frame.

10.- The manufacturing method of solid electrolytic
: 'capacitor of claim- 1, further comprising the steps of:

(g) placing a conductor layer above said d1e1ectnc layer,;
sa1d | conductive h1gh polymer film being formed on said
conductor layer.

(h) laminating each caﬁacitor element of said plurality of

capacitor elements at a specified position of a band metal lead
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(i) connecting each pair of terminals of said plurality of

frame having a plurality of pairs of terminal parts, .

pairs of terminals electrically to the each anode lead-out part
and each cathode lead-out part respectively,
(J) covering said laminated capacitor ‘elements with' an -
external resin, and
| (k) fabricatingiindividual solid electrolytic capa‘cit;or_s by
cutting 'off said pair of térmihal parts having said covered
"capacitor elements, ffom said metal lead frame,
| wherein said band metal is made of a-metal having a v'alv'e
action, g )
said dielectric layer has an anodic forming film formed on

a surface of said band metal,

said step of supplying the_band metal includgs the steps
of:

opening a plurality of holeé at specified intervals in the
16ngitudina1 direction of said band. metal,

adh_ering, an electri_c insulating tape to cover said
plurality of hol_es,- |

- adhering an.electric insulating tape to said central part,

foriﬁing an anode lead-out part at _said central part side, and
.forming a cathode lea_tc_l-o'ut part on said protrusions, and

forming a pluraiity of slits in .said end part of said.band
metal, ana forming' said plu;‘ality of protrusions separated by

said plurality of slits,
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said anode le;ad-;_)uf _paﬁ ai_nd cathode iead¥out part are
elecfric-ally insulated by said electric inéulati.z_lg ta.pl,e,

said cﬂnduct-ive tape is adheréd on said electric insulating
ta_pé, and

.said conductive hi.'gh- polymer film is".. formed on. g_g_id

cathode lead-out part. -

& AN IR ANR ke

11. The‘ manufacturing .methdd of .so.li'-t.l -_.glectl_'plytic
capacitor of claim 1, further comprising: . - B

a conductor léyér placed on said _diélec'tric layer,

wherein said step 6f forn‘ain'g the‘cond'uct:ive'high polymer
film includesa step of forming said conductive high polymer film
c;n said conductor layér by electro.lytic polymerization, by using
.said ponducti;e tape as a common positive electro_de, aﬁd using_
‘the individua} electrodes connected to independent power

sources as independent negative electrode.

12. The manufacturing method of solid electrolytic'
capacitor of claim 1, |

wherein said conductive tape includes a base material
made of at least one metal free from' an"odicfoxid_ation. property
selgcted from stainless steel and nickel, and a adhesive material
adhered to said base ﬁaterial, and

said adhesive material is peeled from said band metal

when the conductive tape is peeled from the band metal.



13. The manﬁfacturing .-n;ethod of solid electrolytic _
eepacitor of_ claim 1, | |

wherein said step of forming the conductive high polymer .-
f11m 1nc1udes a step of formmg a polymer having at least one

selected from the group cons1st1ng of pyrrole, thlophene furan,

and their derivatives, as unit of repetltlon._

HIIIIII Y llll

14. - The manufacturing method of solid electrolytic

_ capac1tor of claim 1

wherem said step (a), step (b) step (c), step (d), and step

(e) are executed continuously.

15. A manufaeturing methed of -solid electrolytic
capacitor comprising:

" (a) a first step of opening continuous holes at _specified
intervals, in a iongitudipal direction of a continﬁous band anode
foil m'ade-of valve metal,

(b) after said first ste'p, a second step .of separating said |
band anode foil, so that an end part side in a width direction may
be a cathode lead-out part and that a central part side may be an
anode le.a_d-out part,'by adhering -ap electric insulating tape to
face and back sides of said anode foil so as to cover said holes,

(¢) after said second step, a third step of forming a

plurality of protrusions continuously by forming slits at
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specified intervals in the end part of said cathode lead-out part,

(d) after said third sfep, a fourth step of forming alﬁ
anodic forming fi.lm as a dielectric on the surface of said anode
foil, | o

(e) after said fourth step, a fifth step of adhering a
conductor on the anodic forming film of said cathode lead-out
part uniformly in at least one of insular state and layer state,

(f) after said fifth step, a sixth step including adhering a -
conductive tape on séid insulating tape, performing electrolytic
polymerization by starting polymerizati.on fr-.om said conductive
tape, and forming a conductive high polymer film in the_ca'thode
lead-out part through said conductor iay_er

(g) after said sixth step a seventh 'stép inclﬁding,
- peeling off said conductive tape, cutting off said band anode foil
into individual pieces, and fabricating individual flgt capacitor
elements _

(}1) after said seventh step, an eighth step inclﬁding_
laminating a plurality of éaid ﬂat capaci-tof elements af
specified positions of éach_terminal of a plurality of terminals
provided at equal intervals in a ban{l metal lead frame, and
connecting the individual capacitor elements to said terminals
electrically, |

(1) after said éighth step, a ninth step of covering said
pluralit& of capacitor elements integrally Qith an external resiﬁ

so that part of said terminals may be exposed outside, and

i - ' - He '
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(j) after said ninth step, a step of cutting off said covered

elements into individual pieces and separating from the metal

leaa frame.

16. The malnufacturing method of solid electrolytic

capacitor of claim 15, -

wherein said sixth step of forming said conductive high

polymer film includes:

.a step of forming said conductive high polymer filin' on
said conductor layer by electrolytic polymerizatio;:l, by using
said conductive tape as a common positive electrode, and using
each electro;_le connected to independent power sources as

negative electrode.

17. A manufactuﬁng .apparatus_ of lsolid electrolytic
capacitor comprising:

(a) a band metal supply unit for supplying a band metal
having a central part, and a plurality of.protrusions formed at
least at one side edge of both side edges positioned at both sides
of said cen-tral pa.rt, ' |

(b) a _dielec_tric forming unit foi forming a dielectric layef
on a surface of s'.aid plurality of protrusions,

(c) a conductor.forming unit for forming a conductor layer

on said dielectric layer,

(d) a conductive tape adhering unit for adhering a
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width direction of said band metal. -

conductive tape to said central part,

(e) an electrolytic polymerization unit for forming a

conductive high polymer film above said plurality of conductive

layers, by performing electrolytic polymerization by starting

polymerization from said conductive tape, N

(f) a con.ducti_ve tape peeling unit. for peeling séid
conductive'ta-pe from éaid metal, and

(g) an element cutting unit for fabricating a plu;ality of
capécitof elements, by cuttipg off individual protrusipns 'from
said plurality o.f protrusions, from said baﬁd metal formin_g said

conductive high polymer film.

18. The manufacturing apparatus of solid electrolytic

capacitbr of claim 17,

wherein said band metal supply unit includes a slit

forming unit for forming a plurality of protrusions by forming a

plurality of slits at specified intervals in the. end part in the

19. The manufacturing apparatus of solid electrolytic

capacitor of claim 17,
| where_.in said ba.'r_ld metal supply unit includes:
a d'r:illing unit for opening a plurality of h'oies at specified
intervals _in the longitudinal direction of said central part of

said band metal, and
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an -'inslu'lating tape adhering unit for adhering an electric

. lati t t aid pl 11t f holes.
.1.nsu ating ape 80 a8 t0 cover sail p urality o oles l,!l,llcl I"l!-l llll'"l,sl " ,!l,

20. The manufacturing appafatus of solid electrolytic

capacitor of claim 17,
wherein said dielectric layer forming unit includes a
forming treatment unit for forming an anodic oxide film by

forming treatment of said protrusions.

21.- The manufacturing apparatus of solid electrolytic
" capacitor of claim .17, | |

wherein said conductor layer forming unit includes:

an ap’plication unit for applying an aqueous solution of
manganese nitrate on said dielectric 1ayer, and

a manganese dioxide foi'ming unit for forming a
manganese dio-xide- layer by pyrolysis of saic.l' applied aqueous

solution of manganese nitrate.

22. The manufacturing apparatus of solid electrolytic

capacitor of claim 17,

wher'eil_z said band metal supply unit has a function of

supplying an anode-foil having a valve action.

23. The manufacturing apparatus of solid electrolytic

capacitor of claim 17, further comprising:
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a laminating unit for laminating each capacitor element

of said plurality of capacitor elements. _ o

‘L] O A6 0
s

24. The manufacturing apparatus of solid electrolytic
capacitoi of claim 17, further comprising:

a laminating unit for laminating individual capac;itor
elements oflsaid.plurality of capacitor elements at specified-
positions of a band metal lead fraﬁe having a plurality of pairs
of terminal parts, and ;

a product d_ividing unit for fabricating individual solid
electrolytic capacitors by cutting off said p;air of terminal parts

ha,ving said laminated capacitor elements from said metal lead

frame.

25.- Tﬁé manufacturing appar_atju_s of solid electrolytic
capacitor of claim 17, furth’er'com'prising:

a laminating unit for laminating each capacitor element
of said plurality of capacitor elements at specified positions of a
'ban_d metal lead .fr;ame having a plurality of pairs of terminal
parts,

a connecting unit for connecting terx;ninals of each pair of
said plurality of pairs of terminals electrically to the

capacitor elements,

a forming unit for covering said laminated capacitor.

elements with an external resin, and
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a product dividing unit for fabricating individual solid
electrolytic capacitors by cutting off said pair of terminal parts

having said covered capacitor elements from said metal lead

B [ L M s * i

frame.

26. The manufacturing appara’tué of sol.id- electrolytic
capacitor of claini 17, further comprising:

a laminating unit for | laminating individual capacitor
elements of said p}ur'ality of capacitor elements at spec:'ified
positions of a band metal lead frame having a pluraLlity of pairs
of terminal parts,

a connecting unit for connecting terminals of each péir of
said plurality of 1.)airs of terminals electrically to the capacitor
élements, |

a forming unit for covering said laminated capacitor
elements with an external resiz.l, and

| a product dividing unit for'fa'brica\f:ing individual solid
electrolytic capacitors by cutting off.said pair of terminal parts
having said covered capacitor elements from said metal lead
frame. | o |

wherein said band metal is made of a metal having a valve
action, | |

said dielectric layer has an anodic forming film formed on
the surface of said band metal, |

said band metal supply unit includes:



a drilling unit for opening a pi-u'ra‘l'ity of hgales' at specified'
intervals in the longitudinal direciion of said band meta_l,

an i'nsul.ating tape adhering unit for adhering an el'ec‘tric
‘insulating tape so as to cover said plurality of holés, and

a slit forming unit for forming a plurél.ity of slits at said
end part edge of said band metal, and forminé said plurali'ty of
p-rotrusions separated by said pluralify of slits,

wherein said conductive tape is adhered on said electric

insulating tape.

|

' 27. The manufacturiﬁg appardtus of solid electrolytic
_ capacitor of ciaim- 17,

wherein said ﬁolymérization unit has a'.ﬁolymerizatit_)n
tank, a polymerization soluj‘.ion contained in said polymerization
fank, and an electrode provided in said polymerization-solutibn,
and

said polymerfzatidn unit has a function of polymerizing
said conductive i1igh polymer film electroiytically, by using said
conductiv.e tape as a common positive ele.ctrode,. using said
.electro&e as a negative electrode, and gpplying a volf.age

- between said positive electrode and said .negative electrode.
28. The manufacturing apparatus of solid electrolytic

capacitor of claim 17,

wherein said polymerization unit has a polymerization
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tank, a polymerization solution contained in said polymerization

- tank, and a plurality of stainless steel plates provided in said

polymerizatibh éoiution,-
~ said plura_lity'of .stainless steel plates are dislp_osed at
positions corresponding fo said plurality of pro-’crusions, and
said pdlymer_ization unit has.a function,of polymerizing
said conductive high polymer film electrolyticaily, by using said
conductive.tape as a com:_nori positive electrode, u_sing'said
plurality of stainless stéel plgtes as negative 'electrqde,. .and

applying a voltage between said positive electrode and said

negative - electrode.

LT .

29. A ‘manufacturing apparatus of solid électrplytic

capacitor comprising:

a drilling unit for opening a plurality of holes

continuously at spec_:ified intervals in the longitudinal direction

of a continuous band 'anbde_ foil made of a valve metal,

an insulating tape adhering unit for adhering an

insulating tape to fac.e- and back sides of said anode foil so as to
cover said plur‘ality. of holes,
a slit forming unit for forming slits at specified intervals
in the end part in'the width direction of said anode foil,
a forming treatr'nénf unit for forming an anodic oxide film

by forming treatment, on a cut section of the anode foil produced

by forming said slits,
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- a conductor layer forming unit for forming a manganese
"dioxide layer by applying an agueous solution of mang'ariese
nitrate on the end part of said aﬁodé foil after said forming
treatment, and pefforming pyfolysis,

a .conductive tape- adhering unii: for adhering a conductive
tapé on an insulating.tai)_e. of an a.node. foil after forminé said
conductor layer, |

a polymerizétiqn upit for forming a conductive “high-
poiymer film in tile end part by immersing said anode foii to
which said conductive 'fape is adhered in an polymerization
solution, and poiymerizing electrolytically,

a conductive tape peeling unit for ﬁeeing said conductive
" tape from said anode foil after forming -said conductive high
'polymer film,-

an element dividing unit for obtg’inihg' flat capacitor
* elements by cutting. off said anode foil from which said-
conductive tai)e is peeled into individual pieces, .

an elemenf. laminating unit .for laminating and mounting
a plurality of flat capacitor elements at pecifi.ed positions of a
plurality of terminals provided at qual intervé.ls in said band
metal lead frame, |

a connecting unit for connecting the eleqtrode parts of
said plurality of'elem;nté electr.ically to the terminals,

a molding unit for covering the plurality of capacitor

elements integrally with an external resin so that a part of said
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terminals may be exposed outside, and
a product dividing unit for dividing the capacitor

elements after molding into individual pieces.'

30. The ma’nufactu'ri'ng apparatus of solid electrolytic
capacitor of claim 29, -

wherein said po.'lymerization unit has a function of
polymerizing said conductive high polymer film electrolytically,l '
by using said conductive tape as a common poéitive electrode,
using a plurality of independently disposed stainless steel
plates. as negative electrode, s-o as to"be corresponding to said
conductors formed in said individual cathode lead-out parts
gonnected té independent power sources, and -applying a voltage

between said positive electrode and said negative electrode.
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