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METHOD OF MANUFACTURING SOLID 

ELECTROLYTIC CAPACITOR, AND 

APPARATUS OF MANUFACTURING THE SAME 

Technical Field of the Invention 

The present invention relates to a method of 

manufacturing a solid eiectrolytic capacitor having a high 

polymer solid electrolyte,· and an apparatus of manufacturing 

Background of th~ Invention 

In the recent trend of h:lgher frequency in powe~ source 

· -. circui.ts of electronic appliances, electrolytic capacitors used in 

such electronic appliances are demanded to have an excellent 

· high frequency characteristic. To meet this demand, in order to 

realize low impedance in high frequency region, a solid 

elec.trolytic capacitor using conductive high polymer having a 

high conductivity obtained by· electrolytic polymerizatibn as 

solid electrolyte is being proposed. 

In a method · of manuf~cturing a solid eiectrolytic · 

capacitor using conductive high polymer ~s solid electrolyte, as a 

method of forming a conductive high polymer film on an anodic 

forming film (dielectric) having an electric insulator, it is 
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proposed to develo"p a method of forming a co-nductive high 

polymer film comprising a step of forming a metal oxide (for 

example, manganese· dioxide) formed· on an anodic forming film 

or a conductive high polymer film (for example, conductive high 

·polymer· film having pyrrole chemically oxidized by ammonium 

persulfate) formed by· chemical oxidation polymerization as a 

·conductive· layer, and a step of feeding current to this conductive 

layer to perform electrolytic polymerization. 

However, in order to "form a high polymer film by 

electrolytic polymerization simultaneously in the individual 

capacitor elements of a plurality of ·capacitor elements·; the 

following method is required. That is, as shown in Fig. 10, in 

an electrolytic solution 6 containing monomer such as pyrrole 

and support electrolyte (hereinafter called polym_erization 

solution), each anode electrode 8 having a valve metal and each 

current feeding electrode 9 (hereinafter called polymerization 

electrode) contact with each other. Using this polymerization 

electrode 9 as the positive electrode, volt.age is applied between 

the polymerization electrode 9 and cathode 10, and electrolytic 

polymerization is performed. In this case, the poiymerization 

electrode 9 contacts directly with the conductiv:~ layer on the 

anodi~ forming .film of the anode electrode 8 of valve metal. 

However, the conventional manufactu.ring method of solid 

electrolytic capacitor requires complicated steps such as a step 

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

electrode and one anode electrode 8 of valve metal. It is hence 

difficult to mass-produce efficiently.· 

Besides, when the polymerization· electrode 9 contacts 

with the conductive layer on the anodic forming film of the anode 

electrode 8, the anodiC forming film may be injured to cause a 

defective part. This defective part may contact with the 

conductive high polymer film used as the cathode.. Accordingly, 

the product manufactured by this method may have a large leak 

current ·and a low withstand voltage. In the conventional 

method, hence, it was difficult to obtain a capacitor element for 

realizing a solid electrolytic capacitor of high reliability. 

Yet, when assembling a solid electrolyt~c .capacitor· by 

using a capacitor element manufactured by this conventional 

method, it is required to join independent terminal members (not 

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

on the capacitor elem~nt, and co.ver with external resin (not 

shown). It hence involves many problems in the assembling 

precision and. the n-µmber of assembling steps. 

It is therefore an object of the· invention to present a 

method of manufacturing a solid electrolytic capacitor having 

excellent characteristics, superior reliability, 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 ce·ntral part 

in the width direction and a plurality of protrusions formed at 

an end part in the width direction; 

(b) a step of forming a dielectric layer on the surface of 

the plurality of protrusions, 

(c) a step of adhering a conductive tape to the central 

part, 

(d) a step of forming a conductive high polymer film above 

the plurality of pr.otrusions, by performing electroly~ic 

polymerization by starting polymerization from the c~nduc~ive 

tape, 

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

and 

(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 

polyiper film. 

Preferably, the invention further comprises: 

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

layer, in which the condu·ctive high polymer .film is formed on the 

conductor layer. 

Preferably, the step of forming the conductive high 
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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 individual power -sources as 

individual independent negative electrodes. 

. Preferably, the· invention includes at least one of the 

following steps: · 

(h) a step of laminating each capacitor element o·f the 

plurality of capacitor elements at a specified position of a band 

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

(i) a step of connecting ea·ch pair of terminals of the 
. . 

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

part and cathode lead-out pa~t respective_ly, 

(j) a step of covering the laminated capacitor elements 

with an external resin, and 

(k) a step of fabricating individual solid ·electrolytic 

capacitors by cutting off the pair of terminal parts having the 

covered. capacitor elements, from the me:tal lead frame. 

Preferably, the step of supplying the band ~etal includes 

a step of adhering an· electric insulating tape to the central part, 

forming ~n anode lead-out part at the central part side,· and 

forming a cathode lead-out part on the protrusions, 

the anode. lead-out part and cathode lead-out part are 

electrically insulated by the electric insulating tape, 

the conductive tape is adhered on the electric insulating 
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tape, and 

the conductive high polymer film is formed on the cathode-

lead'!'out part. 

A manufacturing appar_atus of solid · electrolytic 

·capacitor of the inven·tion ~omprises: 

· (a) a band metal supply unit for supplying a .band metal 

having a centr·al part, and a plurality of protrusions formed at 

least at one side edge of bot.h side edges positioned at both sides 

of the central part, 

(b) a dielectric forming unit .for forming a dielectric layer 

on the surface of the plurality of protrusions, 

(c) a conductor forming unit for form~ng a conductor layer 

on the dielectric layer, 

(d) a conductive t·ape adhering unit for . adhering a 

conductive tape to the central part, 

(e) an electrolytic polymerization unit for forming a 

conductive high polymer film above the plurality-of conductive 

layers, by performing electrolytic polymerization by starting 

polymerization from the conductive tape, 

. (f) a conductive tape peeling unit for peeling the 

conductive tape from the metal, and 

(g) an element cutting unit for fabricating a plurality of 

capacitor elements, by cutting off individual protrusions from 

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

Preferably, the band metal supply unit includes a slit 

form"ing unit for forming a plurality of protrusions by formfng a 

pluralit)'.' of slits at specified intervals in the end part in the 

width direction of the band metal. 
.. 

Preferably, the invention comprises at least one element 

of the following constituent elements: 

_(h) a laminating unit ·for laminating individual capacitor 

elements of the plurality of capacitor elem~nts at specified 

positions of a band metal lead frame having a plurality of pairs 

of terminal parts, 

(i) a co_nnecting unit for connecting termina~s of each pair 

of the plurality of pairs of terminals electrically to the capacitor 

elements, 

(j) a forming unit for covering the laminated capacitor 

elements with an external resin, and 

(k) a product dividin·g unit for fabricating individual solid 

electrolytic capacitors by· cutting off the pair of terminal parts 

having the covered capacitor elements from the metal lead 

frame. 

According to such manufacturing method and 

manufacturing appa:r;atus, it is easy to work in the steps from 

_forming treatment to electrolytic polymerization for 

manufacturing a plurality of capacitor elements continuously, 

and th·e mass producibiliiy notably enhanced. Moreover, it 
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prevents occurrence of defective part due to injury o_f the. anode 

foil. Therefore, occurrence of defective part in the conductive 

high polymer film is prevented. As a result, the invention 

.Provides a capacitor element for solid electrolytic capacitor 

having excellent performances, s.uch · as a small leak current, 

high withstand voltage, and excellent reliability. 

The process from the step of laminating a plurality of 

capacitor elements on a band .metal lead frame forming and 

having terminals to the step of covering these laminated ma.tters 

with an external resin can be done -continuously by. using the 

band metal lead frame.. Accordingly, ·the solid electrolytic 

capacitor having an excellent assembling precision and a high 

reliability can be manufactured efficiently .. 

·. ') Brief Description of the Drawings 

Fig. 1 is a conceptual . diagram of a manufacturing 

apparatus showing a manufacturing method of a capacitor 

. elen:ient in a manufacturing method of a solid electrolytic 

capacitor in· an .embodiment of the invention. 

Fig. 2 ~s a plan view showing a state of opening holes in an 

anode foil in a manufacturing method of a solid electrolytic 

capacitor in an embodiment of the invention. 

Fig. 3 ·is a plan view showing a state of adhering an 

electric insulating tape on an anode foil in a ~anufacturing 

method of a solid ele.ctrolytic capacitor in an embodiment of the 
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invention. 

Fig. 4 is a plan view showing an anode foil before forming 

or other treatment of cut section, in a manufacturing method of a 

solid electrolytic capacitor. in an embodiment of the invention. 

Fig. 5 is an essential perspective view showing cathode 

lead-out parts formed individually and independently, in a 

manufacturing method of a solid electrolytic capacitor in an 

embodiment. of the invention. 

Fig. 6 is a plan view showing an anode foil to which a 

conductive tape is adhered, in a manufacturing method of a solid 

electrolytic capacitor in an embodiment of the invention. 

Fig. 7 is a partial plan view of a metal lead frame used in 

a step of assembling a solid electrolytic capacitor, in a 

manufacturing method ~f a ·solid electrolytic capacitor in an 

· ~ . embodiment of the invention. 

Fig. s- is a partial pla_n v~ew showing a solid electrolytic 

capacitor formed by molding an external resin on a metal lead 

frame,· in a manufactul,'ing method of a solid electrolytic 

capacitor in an embodiment of the invention. 

Jrig .. 9 is a manufacturing p·rocess · diagram in a 

manufacturing method of a· solid electrolytic capacitor in an 

embodiment of the inventio.n. 

Fig. 10 is a schematfo diagram showing a constitution of 

an electrolytic polymerization tank ·in a conventional 

manufacturing method of a solid electrolytic capacitor. 
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Reference Numerals 

1 Anode foil 

2 Insulating tape 

.3 Anode lead-out part ... 
.... 

4 · Cathode lead-out part 

5 Conductive tape 

6 Polymerization solution 

7 Four l.ndependent cathodes 

11 Forming treatment step 

12 Conductor layer forming step 

13 Conductive tape adhering step 

14 Polymerization step 

15 Conductive t~p_e peeling step 

·.") 16 Metal lead frame · 

17 Element mounting unit 

18 Anode terminal 

19 Cathode terminal 

20 Solid electrolytic capacitor 

23 Slit 

24 Protrusion 

Detailed Description of the Invention · 

A process showing a manufacturing method of a solid 

electrolytic capacitor in an embodiment 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 subsequent ·step of separating the band anode foil, so 

that ih_e end part side in the width direction may be a cathode 

lead-out part and that the central part side may be an anode 

lead-out pa_rt, by adhering an electric insulating ~ape to face and 

back sides of the anode foil so as to cover the holes, 

(c) a subsequent step of forming a plurality of protrusions. 

continuously by disposing slits at specified intervals in the end 

·:Part of the cathode lead-out part, 

(d) a subsequent step of forming an anodic forming film as 

a dielectric on the surface of the anode foil, 

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

anodic forming film of the ·cathode lead-out part uni~ormly in at 

least ~ne of insular state and layer state, · 

. (f) a_subsequent·step of forming a conductive high polymer 
. . . 

film in the cathode_ lead-out p.art through the conductor layer, by 

adhering a conductive tape on the insulati~g tape, ·.and 

performing electrolytic polymerization by starting 

polymerization from the 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 positions o"f each terminal of a 

plurality of terminals provided at equal intervals in a band 

metal· lead frame, and connecting the individual capacitor 

elements to the terminals electrically, 

(i) a subsequent step of covering the pluralit~ of capacitor 

elements integrally with an external resin so that part of the 

· terminals may be exposed outside, and 

(j) a subsequent step of cutting off the covered elements 

into individual pieces and separating from the metal lead frame. 

In this constitution, it is easy to work in the steps from 

forming treatment to electrolytic polymerization for 

manufacturing a plurality of capacitor elements continuously, 

.. "> and the mass producibility notably enhanced. 

Moreover, sin,ce electrolytic polymerization is perfo"rmed 

by applying a voltage through the conductor layer, by starting 

polymerization from the. conductive t~pe adhered adjacently 

without con_tacting with the cathode lead-out ·part, it prevents 

occurrence of defective· p·art due to injury of the ·anode. foil. 

Hen~e, contact. of the conductive high polymer fil~ as the 

cathode with the defective part is ·prevented. Therefore,· 

occurrence of defective part in the conductive high polymer film 

is prevented. As a result, the invention provides a capacitor 

element for solid electr.olytic capacitor having excellent 
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performances, such· as. a small leak current, high withstand 

voltage, and excellent reliability. 

Preferably, the step ·of forming the conductive film 

includes a step of forming the conductive high polymer film by 

electrolytic polymerization, by using the conductive tape as a 

common anode, and using a plurality of cathodes connected to 

independent power sources. In this constitution, in addition to 

the above actions, the potential. at the time of electrolytic 

polymerization is uniformly applied to each cathode lead-out 

part. As a result, a conductive 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 adhesive · 

. '> material has an adhesive agent which can be easily peeled from 

the adherend. In this constitution, the above effects are 

further enhanced. 

Preferably, the conductive high polymer film includes a 

polymer having at least one selected from the group consisting of 

pyrrole, thiophene, furan, and their derivatives, as unit of 

.repetition. In this constitutiQn, the a·bove effects are further 

enhanced. 

A manufacturing apparatus of solid electrolytic capacitor 

in an embodiment of" the inv.ention comprises: 
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a drilling unit for opening a plurality of holes 

continuously at specified intervals in the longitudil_lal direction 

of a continuous.band anode foil made of a valve metal, 

an insulating tape adhering unit . for adhering · an 

insulating tape to face and back sides of the anode foil so as to 

cover the plurality of ·holes, 

a slit forming unit for forming slits at specified intervals 
' . 

in the end part in. the width direction of the anode foil, 

a forming treatment unit for forming an anodic oxide film 

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

by forming_ the slits, 

a conductor layer forming unit for forming a manganese 

dioxide layer by applying an aqueous solution of man,ganese 

nitrate on the end part of the anode foil after the forming 

treatment, and performing pyrolysis, 

a conductive tape adhering unit for adhering a conductive. 

tape on an insulating tape of an anode foil after forming the 

conductor layer, 

a polymerization unit for forming a conductive . high 

polymer film in the end part by immersing the anode foil to 

which the conductive tape is adhered in an polymerizatio_n 

solution, and ·polymerizing electrolytically, 

a conductive tape peeling unit for peeing t.he 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 foil from which the conductive 

tape 
0

is peel~d into individual piece~,. 

an element laminS:ting unit for laminating and mounting 

a plurality of flat capacitor elements at specified positions of a 

plurality of terminals provided_ at equal intervals .in the band 

metal lead frame, 

a connecting unit for connecting the electrode parts of the 

plurality of elements.electrically to the terminals, 

.a molding unit for covering the plurality of capacitor 

elements integrally with· -an .external resin so that a part of the 

terminals may be exposed· outside, and -

a. product dividing unit for dividing the capacitor 

elements after molding into individual pieces. 

In this constitution, a series of processes can be executed 

continuously. Hence, the productivity is extremely improved . 

Further, a ·solid electrolytic capacitor having an excellent 

assembling precision· and a high reliability is obtained. 

Preferably, in the polymerization electrode when 

performing electrolytic polymerization, the conductive tape 
. . 

adhered on the insulating tape of the anode foil is used as a 

common positive electrode, and a plurality of stainless steel 

plates disposed independently on the ·polymerization solution 

surface so as to correspond to the plurality of cathode lead-out 

portions are used as independent cathodes, and the 

polymerization unit is composed so as to apply a voltage between 
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the positive electrode and negative electrodes. In this 

constitution, the potential is applied uniformly on the cathode 

lead-out parts at the time of electrolyti~ polymerization. As a 

resl;llt, a conductiv~ high polymer film having a uniform film is 

formed. 

Referring now to the drawings, exemplary embodiments of 

the invention are _described below. 

Exemplary Embodiment 1 

Fig. 1 is a conceptual diagram of a manufacturi:Q.g 

apparatus ~or manufacturing elements of a· solid electrolytic 

capacitor according· to an embodiment _of the invention. Fig. 9 

· shows a manufacturing process of a solid electrolytic capacitor of 

the embodiment of the. invention. The constitution of the 

ma~ufacturing 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. -

Fig. 2 shows a state of opening holes continuously at 
I 

.specified intervals in the longitudinal direction, in an anode foil 
.. 

1 ma.de from a valve metal. In the embodiment, two rows of 

holes la are formed in the width direction. The anode foil 1 is 

an aJu·minum foil (thickness lOOµm). The surface of the 

aluminum foil has an electrochemically roughened surface, and 
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a:i;i anodic forming fHm formed by a forming voltage of 35 V is 

disposed on its surface. 

Fig. 3 shows a state of adhering an electric insulating 

tape 2 so 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, :lt is separated into an anode lead-out part" 3 

and a cathode lead-out part 4 as described below. 

As shown in.Fig. 4, by forming slits at specified intervals 

in the end part in the width direction of the anode foil 1 to which 

the insulating tap~ 2 in Fig. 3 is adhered, individually' 

independent 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 protrusio;ns have. cathode lead-out 

parts 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. 5 is a magnified view of essential parts of the cathode 

lead-.out parts 4 individually formed independently by fol:"ming 

·such slits as mentioned above. As clear from Fig. 5, the 

insulating tape 2 adhered so as to cover the holes la formed in 

the anode foil 1 completely covers the holes la.· Accordingly, in 

_the manufacturing 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 to the. anode lead-out 

part 3 side .. 

Consequently, by forming t_reatment of the cut section of 

the anode foil 1 shown in Fig. 4, an anodic oxidation film was 

formed (forming treatment step 11 shown in Fig. 1). . 

· In succession, the aqueous solution of manganese nitrate 

was applied on the cathode lead-out parts 4, and by pyrolysis for 

5 minutes at 300CC, a manganese dioxide layer 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 adhered as shown in Fig. 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 

') immersed in the polymerization solution 6 (an _aqueous solution 

of 0.2 mol/liter of pyrrole, and 0.1 mol/liter of alkyl naphthalene 

sulfonate). Using the conductive tape 5 as a common positive 

electrode, and using four stainless steel plates disposed on the 

liquid surface as four independent cathodes 7, . a ·voltage was 

applied between the positive electrode and neg~tive electrodes, 

and electrolytic. polymerization was pe_rformed. A conductive 

high polymer film is formed on the entire surface of the cathode 

lead-out parts ·4. In the period from putting the anode 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 in Fig. 1). 

Moreover, the anode foil formi??-g the conductive high 

polymer film was taken out of the polymerization solution 6,. and 

the adhering condµctive tape 5 was peeled off (conductive tape 

peeling step 15 in Fig. _l). 

In this way, a series "of steps from forming treatment until 

polymerization was execut_ed continuously as shown in Fig. 1. 

At this time, the sequential processing steps were carried out so 

that the rollers for conveying these ss:mples might not contact 

with the cathode lead-out parts 4. 

After forming the. conductive high polymer film, a carbon 

paint layer and a silver paint layer were. formed in specified 

- ') portions of the conductive high polymer film. 

A portion used as a capacitor element was individually cut· 

off, an~ one capacitor element was prepared.· 

Then, taking out the cathode lead and anode lead, the 

in~ividual capacit_or elements were externally coated with an 

epoxy resin. 

· Thus, a solid electrolytic capacitor was completed. . . 

In the embodiment, as required, plural independent 

negative electrodes can be used.· 

In the capacitor elements for solid electrolytic capacitor 

manufactured in this manner, the initial characteristics of. 
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electrostatic capacity, tangent of loss angle (dielectric· loss 

tangent), leak current (10 V applied, 2 minutE;is), and withstand 

voltage (breakdown voltage of solid electrolytic capacit.or. by 

elevating 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 manufacturing process of exemplary 

embodiment .1, the cathode lead-out part 4 measures 2 mm X 2 

mm. - At the step of electrolytic polyme.rization, using the 

conductive tape 5 or polymerization electrode as the positive 

electrode and a single stainless steel plate as ·the cathode, a 

voltage was· applied between the positive electrode and the 

cathode, and a conductive high polymer film was formed on the 

') entire surface of the cathode lead-out part 4 in about 10 minutes. 

The other steps are same as in exemplary ·embodiment 1. Thus, 

capacitor elements fo·r solid electrolytic: capacftor of exemplary 

embodiment 2 were prepared. The initial characteristics of 

these capacitor ele·ments are shown in Table 1. 

Comparative Example 

Instead of exemplary embodiment 1, a conductive high 

polymer film was formed on the anodic· oxidation film by 

chemical oxidation polymerization method using pyrrole. As 

the oxidizer in the chemical oxidation polymerization, 
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ammonium persulfate--was used. Whil~ causing the individual 

polymerization electrodes to contact with the_ surface of the 

conductive high polymer film formed in individual protrusions, 

electrolytic polymerization was performed in electrolytic 

polymeriza~ion solution, and a conductive high polymer film was 

formed on the surface ·of individual protrusions. That is, this 

example has not the step of using conductive tape. The example 

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

.example, a conductive high polymer_ layer is formed on the 

surface. of one protrusion by electrolytic polymerization, and a 

conductive high polymer layer is forme·d on the surface of other 

one protrusion by electrolytic polymerization, and this process is 

repeated. The electrolytic polymerization solution is composed 

of same components as in exemplary embodiment 1. Thus, a 

'• conductive high polymer film having th_e same composition as in 

exemplary. embodiment 1 was formed on the conductive high 

polymer film formed by chemical oxidation polymerization. The 

other steps are sam:e as in .exemplary embodiment 1. Thus, 

capacitor elements for solid electrolytic capacitor of comparative 

example were· prep_ared. The initial characteristics of these 

capac::itor elements are shown in Table 1. 
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Table 1 

Electrostatic Dielectric loss Withstand 
capacity tangent Le.ak current voltage 

<uF) (%) (LLA) CA) 
Exemplary 
embodiment 3.42 1.2 .0.02 23.1 
1 
Exemplary 
embodiment 1.08 1.1 0.01 22.6 
2 
Comparative 3.54 1.6 2.4 . 16.0 
examvle 

In Tab.le 1, the rating of exemplary embodiment 1 is 10 V, 

3.3 µF, the rating .of exemplary embodiment 2 is 10 V, 1.1 µF~ and 

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

As clear from this table, the caRacitor elements for solid 

electrolytic capacitor of the exemplary embodiments are small in 

leak. current and high in withstand. voltage. Further, by 

forming a plurality of slits 23 at both sides of the band ano.de foil 

1, a plurality of protrusions 24 are formed, and a conductive high 

polymer film is formed_on the plurality _of ~rotrusions 24, sci that 

. a plurality of elements can be continuo~sly manufactured by 

electrolytic polymerization. As a result, an excellent mass 

producibility is obtained . 

. Moreover, by using a conductive tape 5 as the 

polymerization electrode, in the method· ·of forming the 

conductive· high polymer fi~m, as compared with the method not 

using the conductive tape in the comp_arative example, the 

conductive high polymer film can be formed easily on the 

plurality of protrusions. As a result, an excellent mass 
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producibility is obtained·. 

In the .exemplary embodiments 1 and 2, aluminum was 

Uf:led as the anode foil 1, but not limited to this, the anode foil 

may be also made of tantalum, titanium, or the like. The shape 

and dimensions. of protrusions are not limited to the values of 

the illustrated embodiments alone. Manganese dioxide was 

used as the conductor layer, but not limited to this, other 

·-conductor layer having an electric conductivity may be used. 

Pyrrole was used as the material of electrolytic polymerization 

for forming conductive high polymer film, but ·thiophene, furan 

and their derivatives may be also used in the same manner as 

mentioned above. As the support electrolyte, alkyl naphthalene 

sulfonate was used, but not limited to this, other supp.ort 

electrolyte materials 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 Embodiment 3 

A different exemplary embodiment of the invention is 

described while referring to Fig. 7 and Fig. 8. 

Fig. 7 shows a band metal lead frame 16 for assembling a 

product . by using capacitor elements for solid electrolytic 

capacitor manufactured in exemplary embodiments 1 and 2. 

This metal lead frame 16 includes a plurality of element 
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mounting parts 1 7' a plurality or anode terminals 18, and a 

plurall.ty 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 

mounting parts 17. Indivi!iual a~ode terminals 18 and 

cathode terminals 19 ·are connected to the individual element 

mounting parts 17. The anode terminal 18 connects the anode 

of the capaCitor element. The cathode terminal 19 connects the 

cathode of the capacitor element. 

A plurality of capacitor elements are laminated and 

mounted on the element mounting parts 17 of thus constituted 

·metal lead frame 16. Afterwards, the anode and cathode of the 

capacitor element are electrically connected to the anode 
. 

terminal 1·8 and cathode terminal 19, ·respectively. The 

plural~ty of the capacitor elements are entirely and integrally 

covered with an external resin by molding. Th~s, a solid 

electrolytic capacitor is formed. 

Fig. 8 shows the state of the solid electrolytic capacitor 

after· molding. In Fig. 8, a solid electrolytic capacitor 20 is 

integrally molded by an external resin. 

The plurality of solid electrolytic capacitQrs 20 thus 

ass·embled are further processed in several steps as required. 

Later, the indi"yidual solid electrolytic capacitors are separated 

from the ~etal lead frame 16. Thus, individual solid 

electrolytic capacito.rs are obtained. In this method, a plurality 
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of ·soli<;l ·electrolytiC_· capacitors are assembled continuously. 

Accordingly, the solid electrolytic capacitors having a·:i;i excellent 

-assembling precision and a high reliability are produced at a 

superior efficiency. · 

As clear from ·the exemplary t)mbodi-ments, by the ·· · 

manufacturing method includ_ing a step of forming conductive 

high polymer films by electrolyti_c polymerl.zation continuously 

on each protrusion of a plurality of protrusions by adherin_g an 

insulating tape· to the band anode foil having the plurality of 

protrusions, a plurality of capacitor elements can be processed 

continuously f:i;om the forming treatment step to the electrolytic 

polymerizati?n step, and the work is extremely easy. As a 

result, the mass producibility is notably improved. Further, 

solid electrolytic capacitors having excellent characteristics ·are 

obtained. 

Still more, the conductive tape is adhered without 

touching the cath~de lead-out part, and starting polymerization 

from this conductive tape, by applying a voltage through the 

conductor layer, electrolytic polymerization is performed, and 

therefore the anode foil is not injured and occurrence of 

defective part is pre·vented, thereby avoiding contact between 

defective part and the conductive high polymer film used as· the 

cathode. -As a result, a capacitor element for solid electrolytic 

capac_itor having excellent characteristics such as - smal~ leak 

current, high withstand voltage and superior reliability is 
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obtained·. 

Moreover, the process from the step of laminating a 

plu:r: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 terminal 

shape. Accordingly,. ·solid electrolytic capacitors having an 

excellent· assembling precision· and a high reliability can be 

produced· at a high efficiency . 
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What is claimed is: .· If Ill~ 1111~ II~/ HI, n I/It 
1. A manufacturing method of solid electrolytic 

capacitor comprising the steps of:· 

·(a) supplying a band metal having a central part in a 

width. direction and a plurality of protrusions formed at an end 

part in said width direction, 

(b) forming a conductor layer above a surface of said 

plurality of P.rotrusions, 

(c) adhering a conductive tape to said centralpart, 

(d) forming a conductive high polymer film above said 

plurality. of protrusions, by performing electrolytic 

polymerization by starting polymerization from said conductive 

tape, 

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

(f) fa.bricating a plurality of capacitor elements by cutting 

off each protrusion of said plurality of protrusions, from said 

band metal forming said conductive high polymer film. 

2. The manufacturin.g method of solid electrolytic capacitor 

of claim .1, further comprising a st.ep of 

placing a conductor layer above said dielectric layer, 

wherein said conductive high polymer fllm is formed on 

said conductor layer. 
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: 3. T'tle manufacturing_-- metho_d of solid electrolytic 

capacitor of claim l, 

wherein said step of supplying the band metal includes a 

·step of adhering an electric insulating film to said central part, 

forming an anode lead-out part at said central p·art side, and 

forming a cathode lead-out part in said protrusions, 

said anode· lead.;out part and cathode lead-out part are 

electrically insula_ted by said electric insulating tape, 

said con_ductive tape is adhered on said electric insulating 

tape, and 

said conductive high. polymer ·film is formed on said 

cathode lead-out part. 

4. The manufacturing method of ·solid electrolytic· 

-. capacitor of claim 1, 

wherein said step of supplying the band metal includes 

· the steps o~ 

opening a plurality of holes at specified intervalS in a 

longitudinal direction of said band metal, and 

adheri"ng an electric insulating tape to cover said 

plurality of holes, and 

. said conductive tape is adhered on said electric insulating 

tape. 

: 1111111111m111111111111111111 !· . *. C L M S * 

5. The ma.nufacturing method of solid electrolytic 
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capacitor of claim 1, 

wherein said step of forming the conductive high polymer 

film includes a step of 

immersing said band metal to which said condu"ctive tape 

is adhered in a polymerization solution·,· and while using said 

conductive tape as a . positive electrode and using an e~ectrode 

placed in said polymerization solution as a negative electrode, 

and performing electrolytic polymerization. by applying a voltage 

between said positive electrode and negative electrode. 

6. The manufacturing method of solid electrolytic 

capacitor of claim 1, 

wherein said band metal is made of a metal foil having a 

valve action . 

7. The manufacturing method of solid electrolytic 

capacitor of claim 1, further comprising: 

a. step of laminating each capacitor· ~lement of· said 

plurality of capacitor elements. 

. . : · n11111l 111111 11111 1111111 1111 
* C L M S * 

8. The manufacturing method of· solid electro~ytic 

cap·acitor. of claim 1, further compris~ng the steps of: 

laminating each capacitor element of said ph,1rality of 

capacitor eleµients at a specified position of a: band metal lead 

frame having a plurality of pairs of terminal parts, and 
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fabricating individual solid electrolytic capacitorE? by 

cutting off said pair of terminal parts having said laminated· 

; capacitor elements, from said metal lead fram_e. 

'.. 11111811111~ 111~ lltil II ~ti 
I ... c L M s . 

9. The manufacturing method of solid electrolytic .., 
.... 

capacitor of claim 1, further comprising the steps of: · 

laminating each capacitor element of said plurality of 

capacitor elements at a specified position of a band metal lead 

frame having a plurality of pairs of terminal parts, 

connecting each pair of terminals of said plurality of pairs 

of terminals electrically to the each ·anode lead-out part and. · 

each cathode lead-out part respectively, · 

covering said' laminated capacitor elements with an 

external resin, and 

fabricating individual solid electrolytic capacitors by 

cutting· off said pair of ·terminal parts· having said covered 

capacitor elements, from said metal lead. frame. 

10. · The m.anufacturing method of solid electrolytic 

capacitor of claim 1', fu!ther comprising the f$teps of: 

· (g) placing a conductor layer above said dielectric layer, 

said conductive high polymer film being formed· on said 

conductor layer. 

(h} laminating each capacitor element of said plurality of 

capacitor elements a:t a specified position of a band metal lead 
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frame having a plurality of pairs of terminal parts, 
I If Ill~ 1111~ 1111111111~1111 

M S * 

(i) coll:necting each pair of terminals of said plurality of 

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, a,nd 

(k) fabricating individual solid electroly_tic capacitor_s by 

cutting ·off said pair of terminal parts having said covered 

·capacitor elements, fi:om said metal lead. frame, 

wherein said ban·d metal is made of a metal having a valve 

action, 

said dielectric layer has an anodic for.ming· film formed on 

a surface of said band metal, 

said step of supplying the_ band metal includes the steps 

of: 

opening a plurality of holes at specified intervals in the 

longitudinal direction of said band metal, 

adhering. an electric insulating tape to cover said 

plurality of holes; 

adhering an electric insulating tape to· said central part, 

forming an anode lead-out part at said central° part ~ide, and 

. for-n:;iing a cathode lea~-out part on said protrusions, and 
. . 

forming a plurality of slits in said end part of said band 

metal, and forming said plurality of protrusions separated by 

said plurality of slits, 
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said anode lead-out part and cathode lead-out .part are 

electric-ally insulated by said electric insulating tap~. 

said conductive tape is adhered on ·said electric insulating 

tape, and 

. said conductive high· polymer film is formed o·n. said . '•. ,· ... ~·· ; . :··= . ... . 
.... 

cathode lead-out part. · 
.. · ·~···>~ .. Mtmlll 1111111111111111111111 

•.·· *. C L M S * 

The manufacturing method of solld .dectrolytic 

capacitor of claim 1, further comprising: 

a conductor layer placed on said d{electric layer, 

wherein said step of forming the-conductive high polymer 

film includes a step of forming said conductive high polymer film 

on said conductor layer by electrolytic polymerization, by using 

. said conductive tape as a common positive electro_de, and using 

. -. the individual 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.odic: oxid~tion property 

selected from stainless steel and nickel, and a adhesive material 

adhered to said base material, and 

said adhesive material is peeled from said band metal 

when the conductive· tape is peeled f~om the band metal.. 
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13. The manufacturing -method of solid electrolytic . 

capacitor of claim 1, 

wherein said step of forming the conductive high polymer 

film include~ a step of forming. a polymer having at least one 

selected from the group consisting of pyrrole, thiophene, furan, 

and their derivatives, as unit of repetition'. 
. 11111111111111 11111 1111111 1111 

* . C L M S * 

14. · The manufacturing method of solid electrolytic 

capacitor of claim 1, 

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

(e) are executed continuously. 

15.. A manufacturing method of ·solid electrolytic 

. · capacitor comprising: 

. (a) a first "step of opening continuous holes at ~pecified 

intervals, in a longitudinal direction of a continuous band anode 

foil made of valve metal, 

(b) after said first step, 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 lead-out part,. b_y adhering -a~ electric ins·ulating _tape to 

face and back sides of said anode foil so as to cover said holes, 
. . 

(c) after said second. step, a third step of forming a 

plurality of protru.sions continuously by forming slits at 
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spe_cified intervals in the end part of said cathode lead-out part", 

· (d) af~er ·said third step, a fourth step of forming an 

anodic forming film as a dielectric on the surface of said anode 

foil, 

(e) after said fourth step, a fifth step of adhering a 

conductor on the ano_dic forming film of said cathode lead-out 

part uniformly in at least one of insular state and· layer state, 

(f) after saic:I fifth step, a sixth step including adhering a_ 

conductive tape on said insulating tape, performing electrolytic 

polymerization. by starting polymerization from said conductive 

tape, and forming a conductive high polymer film in the cathode 

lead-out part t~rough said conductor layer 

(g) after said· sixth step a seventh step including, 

· peeling off said conductive tape, cutting off said band anode foil 

~. into individual pieces, and fabricating individual flat capacitor 

elements 

(h) after said seventh step, an eighth· step including 

laminating a plurality of said flat capacitor elements at 

specified positions o~ each. terminal of a plurality of terminals 

provided at equal intervals in a band metal lead frame, and 

connecting the individual capaCitor eleme"nts to said terminals 

electrically, 

. (i) after said eighth step, a ninth step of covering said 

plurality of capacitor elements integrally with an external resin 

so that part of said terminals may be exposed outside, and 
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(j) after said ninth step, a step of cutting off said covered 

elements into indiv.idual pieces and separating from the metal 

lead frame. 
; 111111111111111111111111111111 

* C L M S * 

16. The manufacturing method of solid electrolytic 

capacitor of claim 15, . · 

wherein said sixth step of forming said conductiv·e high· 

polymer film includes: 

a step of forming said conductive high polymer film on 

said co.nductor layer by electrolytic polymerization, by using 

said conductive tape as a common positive electrode, and using 

each electrode connected to independent power sources as 

negative electrode. 

17. A manufacturing apparatus of solid 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 central part, · 

(b) a _dielectric forming unit for forming a dielectric layer 

on a su~face 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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conductiv·e 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, 

(f) a conductiye tape peeling unit. for peeling said 

conductive tape from said metal, and 

(g) an element cutting unit for fabricating a plurality of 

capacitor elements, by cutting off individual protrusions from 

said plurality of protrusions, from said band metal forming said 

conductive. high polymer film. 

18. The manufacturing apparatus of solid electrolytic 

capacitor of claim 1 7, 

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 intervalE! in the end part in· the 

width direction of said band metal. · 

! I llllllHlllll 1111111111111111 
* C L M S * 

19. The manufacturing apparatus of solid electrolytic 

capacitor of claim 17, 

wherein said band metal supply unit includes: 

a drilling unit. for opening a plurality of h.oles at specified 

intervals in the longitudinal direction of said central part of 

said band metal, and 

36 



. -., 

.•. 

an insulating tape adhering unit for .adhering an electric 

~nsulating tape so as to cover said plurality of holes. JlllJllflJllJlllllJ.llflllf lllJ 
. * C L M" S * 

20. The manufa.cturin.g apparatus of solid electrolytic 

capacitor of claim 17, 

wherein said dielectric layer forming u:r:i.it 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 application unit for applying an aqueous solution of 

manganese nitrate on said dielectric layer, and 

a manganese dioxide forming unit for forming a 

manganese· dioxide· layer by ·pyrolysis of said applied aqueous 

solution of manganese nitrate. 

22. The manufacturing apparatus of solid electrolytic 

capacitor of claim 17, 

wherein said band metal supply unit has a function of 

s.upplying 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. 

I lllllll llllll 11111 1111111 1111 
* · C L M S * 

24. The manufacturing apparatus of solid electrolytic 

capacitor of cl~im 1 7, further comprising: 

a laminating unit for laminatin~ individual capacitor 

elements of said. plurality of capacitor elements at specified 

positions of a band metal lead frame having a plurality of pairs 

of terminal parts, and 

a product d_ividing unit for fabricating individual solid 

electrolytic capacitors by cutting off said pair of terminal parts. 

ha.ving said laminated capacitor elements from said metal lead 

frame. 

25.· The manufacturing appal'.atus of solid electrolytic 

capacitor of claim 17, furth.er comprising: 

a laminating unit for laminating each capacitor element 

of said pluralit"y of capacitor elements at specified positions of a 

band metal lead frame having a plurality of pairs of terminal 

parts, 

a connectin·g unit for connecting terminals 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 cov.ered cap_acitor elements from said metal lead 

frame. 
1111111111111111111 11111111111 
. * C L M S * 

26. The man~facturing apparatus of solid electrolytic 

capacitor of claim 17, further comprising: 

a laminating unit for laminating. individual capacitor 

elements of said p~urality of capacitor elements at specified 

positions of a band metal lea.d frame having a plurality of pairs 

of tern;iinal parts, 

a co:p.necting unit for connecting terminals of each pair of 

said plurality of pairs of terminals electric.ally to the capacitor 

elements, 

a forming unit for covering said laminated capacitor 

elements with an external resin, and 

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 

frame. 

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 hand metal supply unit includes: 
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a drilling unit f~r opening a pluraiity of holes at specified 

intervals in the longitudinal direction of said band metal, 

an insulating tape adhering unit for adhering an elec_tric 

insulating tape so as to cover said plurality of holes, and 

a slit forming unit for forming a plural.ity of slits at said 

end part edge of said band metal, and forming said plurality of 

protrusions separa.ted by said plurality of slits, 

wherein said conductive tape is adhered on said electric 

insulating tape. 
J Jllf 111 JfJllJ 111111111111 lllJ 
·•·c L M·s·• 

27. The manufacturing apparatus of solid electrolytic 

c;ap aci tor of claim 1 7, 

wherein said polymerization unit has a ·.polymerization 

tank, a polymerization solution contained in said polymeriz~tion 

-. tank, and an electrode provided in said polymerization, solution, 

and 

said polymerizatio-n unit has a function of polyinerizi~g 
. ' 

said conductive high polymer film electrolytically, by using said 

conductive tape as a common positive ele_ctrode, using said 

electrode as a· negative electrode, and applying a voltage 

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 

polymerization solution, 

said plurality· of stainless steel plates are disp_osed at 

positions corresponding to said plurality of protrusions, and 

said polymerization unit has a function. of polymerizing 

said condl:lctive high polymer film electrolytically, by using said 

conductive tape as a common positive electrode, using said 

plurality of stainless steel plates as negative ·electrode, and 

applying a voltage between said positive electrode and said 

negative · electrode. 

11111111111111 Hiii 1111111 1111 
* C L H S * 

29. A ·manufacturing apparatus of solid electr~lytic 

capacitor comprising: 

a dr~lling unit for opening a plurality of holes 

c·ontinuously at specified intervals in the longitudinal di.rection 

of a continuous band anode:! foil made of a valve metal, · 

an insulating tape adhering unit for adhering an 

insulating tape to face and back sides ·of said anode foil so as to 

cover said plurality. 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 treatment unit fo~ 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 .aqueous solution of manganese 

nitrate on the end part of said anode foil after said forming 

treatment, and performing pyrolysis, 

a conductive tape adhering unit for adhering a conductive 

tape on an insulating. tape of ·an anode foil after forming said 

conductor layer, 

a polymerization unit for forming a conductive · high 

polymer film in the end part by immersing said anode foil to 

which said conductive tape is adhered in an polymerization 

solution, and polymerizing electrolytically, 

a conductive tape peeling unit for peeing said conductive 

tape from said anode foil after forming ·said conductive high 

polymer film,· 

an element dividing· unit for obtaining flat. capacitor 

elements . by cutting. off said anode foil from which said. 

conductive tape is peeled into individual pieces, ·. 

an element. laminating unit for laminating and mounting 

a plurality of pat capacitor elements at specified positions of a 

plurality of terminals provided at equal intervals in· said band 

metal lead frame, 

a connecting unit for connecting the electrode parts of 

said plurality of elements electrically 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 
. . 11111111111111 11111 1111111 1111 
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a product dividing unit for dividing the capacitor 

ele.ments after molding into individual pieces~ 

30. The manufactu.ring apparatus of solid electrolytic 

capacitor of claim 29, · 

wherein said polymerization unit . has a function of 

polymerizing said.conductive high polymer film electrolytically, 

by using said .conductive tape as a common positive electrode, 

using a plurality of indep_endently disposed stainless steel 

plates as negative electrode, so as to 'be corresponding to said 

conductors formed in said individual cathode lead-out parts 

connected to independent power sources, and applying a voltage 

between said positive electrode and said negative electrode . 
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