
;TUVWe3eL6T  METHOD OF MANUFACTURING SOLID ELECTROLYTIC CAPACITOR, AND - 9
J U L 2003 APPARATUS OF MANUFACTURING THE SAME Technical Field of the
Invention ' The present invention relates to a method of manufacturing a
solid electrolytic capacitor having a high polymer solid electrolyte, and
an apparatus of manufacturing the same. Background of the Invention In the
recent trend of higher frequency in power source circuits 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
electrolytic capacitor using conductive high polymer having a high
conductivity obtained by electrolytic polymerization as solid electrolyte
is being proposed. In a method of manufacturing a solid electrolytic
capacitor using conductive high polymer 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 1   - 9 J U L 2003
proposed to develop a method of forming a conductive 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 polymerization 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, voltage is
applied between the polymerization electrode 9 and cathode 10, and
electrolytic polymerization is performed. In this case, the polymerization
electrode 9 contacts directly with the conductive layer on the anodic
forming film of the anode electrode 8 of valve metal. 



However, the conventional manufacturing method of solid electrolytic
capacitor requires complicated steps such as a step of preparing one
polymerization electrode 9 for one capacitor 2    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 electrolytic 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 element, and
cover with external resin (not shown). It hence involves many problems in
the assembling precision and the number 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.  3   - 9 J U L 2003 Summary of the Invention
According to a first aspect of the invention, there is provided a
manufacturing method of solid electrolytic capacitor comprising the steps
of: (a) 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) forming a conductor layer above a surface of the plurality
of protrusions, 



(c) adhering a conductive tape to the central part, (d) forming a
conductive high polymer film above the plurality of protrusions, by
performing electrolytic polymerization by starting polymerization from the
conductive tape, (e) peeling the conductive tape from the metal, and (f)
fabricating a plurality of capacitor elements by cutting off each
protrusion of the plurality of protrusions, from the band metal forming the
conductive high polymer film. Preferably, the method 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 individual power sources
as individual independent negative electrodes. Preferably, the method also
includes at least one of the following steps: (h) a step of laminating each
capacitor element of 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 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 electrolytic capacitors by cutting off the pair of terminal parts
having the covered capacitor elements, from 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 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 4  



- 9 J U L 2003 electric insulating tape, the conductive tape is adhered on
the electric insulating tape, and the conductive high polymer film is
formed on the cathode lead-out part. According to a second aspect of the
invention, there is provided a manufacturing method of solid electrolytic
capacitor comprising: (a) a first step of opening continuous holes at
specified 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, by adhering an electric insulating 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 protrusions
continuously by forming slits at specified intervals in the end part of
said cathode lead-out part, (d) after 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 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 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 through 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 of each
terminal of a plurality of terminals provided at equal intervals in a band
metal lead frame, and connecting the individual capacitor elements to said
terminals electrically, (i) after said eighth step, a ninth step of
covering said plurality of capacitor elements 5   - 9 J U L 2003 integrally
with an external resin so that part of said terminals may be exposed
outside, and (j) after said ninth step, a step of cutting off said covered
elements into individual pieces and separating from the metal lead frame.
According to a third aspect of the invention, there is provided a
manufacturing apparatus of solid electrolytic capacitor of the invention
comprises: (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 the central part, (b) a
dielectric forming unit for forming a dielectric layer on a surface of the
plurality of protrusions, (c) a conductor forming unit for forming a
conductor layer on the dielectric layer, (d) a conductive tape 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 



conductive high polymer film. Preferably, the 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
width direction of the band metal. Preferably, the apparatus further
comprises at 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 pairs of terminal parts, (i) a connecting unit
for connecting terminals 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, 6   - 9 J
U L 2003 and (k) a product dividing 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 a
third aspect of the invention, there is provided a manufacturing apparatus
of solid electrolytic capacitor comprising: a drilling unit for opening a
plurality of holes continuously at specified intervals in the longitudinal
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 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 for forming an
anodic oxide film by forming treatment, on a cut section of the anode foil
produced by forming said slits, 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 flat 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 7   - 9 J U L 2003 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 terminals may be exposed outside, and
a product dividing unit for dividing the capacitor elements after molding
into 



individual pieces. By use of such manufacturing methods and manufacturing
apparatuses, 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, it prevents occurrence 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 provides a capacitor
element for solid electrolytic capacitor having excellent performances,
such 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 matters 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 element in a manufacturing
method of a solid electrolytic capacitor in an embodiment of the invention.
Fig. 2 is 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 manufacturing method of a
solid electrolytic capacitor in an embodiment of the 8   - 9 J U L 200 ,
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 ? is a
partial plan view of a metal lead frame used in a step of assembling a
solid electrolytic capacitor, in a manufacturing method of a solid
electrolytic capacitor in an embodiment of the invention. Fig. 8 is a
partial plan view showing a solid electrolytic capacitor formed by molding
an external resin on a metal lead frame, in a manufacturing method of a
solid electrolytic capacitor in an embodiment of the invention. Fig. 9 is a
manufacturing process diagram in a manufacturing method of a solid
electrolytic capacitor in an embodiment of the invention. Fig. 10 is a
schematic diagram showing a constitution of an electrolytic polymerization
tank in a conventional manufacturing method of a solid electrolytic
capacitor. 9   - 9 J U L 2000 Reference Numerals1Anode foil2Insulating
tape3Anode lead-out part4Cathode lead-out part6Conductive
tape6Polymerization solution7Four independent cathodes11Forming treatment
step12Conductor layer forming step13Conductive tape adhering
step14Polymerization step15Conductive tape peeling step16Metal lead
frame17Element mounting unit18Anode terminal19Cathode terminal20Solid
electrolytic capacitor23Slit24Protrusion Detailed Description of the
Invention A process showing a manufacturing method of a solid electrolytic
capacitor in an embodiment of the invention is 10   - 9 J U L 2003 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 the 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 part, by adhering an electric insulating tape 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 uniformly in at least
one of insular state and layer state, (f) a subsequent step of forming a
conductive high polymer film in the cathode lead-out part through the
conductor layer, by adhering a conductive tape on the insulating 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 m   - 9 J U L
2003 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 of 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 plurality 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) since
electrolytic polymerization is performed by applying a voltage through the
conductor layer, by starting polymerization from the conductive tape
adhered adjacently without contacting with the cathode lead-out part, it
prevents occurrence of defective part due to injury of the anode foil.
Hence, contact of the conductive high polymer film 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 electrolytic capacitor having
excellent 12   - 9 J lJ L 2003 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 constitution, the
above effects are further enhanced. A manufacturing apparatus of solid
electrolytic capacitor in an embodiment of the invention comprises: 13   '-
9 J U t~ ?I~~1;~ a drilling unit for opening a plurality of holes 



continuously at specified intervals in the longitudinal 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 alit 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 manganese 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 polymerization solution, and polymerizing electrolytically, a conductive
tape peeling unit for peeing the conductive tape from the anode foil after
polymerization, an element dividing unit for obtaining flat capacitor 14   



- 9 J U L 2003 elements by cutting off the anode foil from which the
conductive tape is peeled into individual pieces, an element laminating
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 15   - 9 J U L 2003 the positive
electrode and negative electrodes. In this constitution, the potential is
applied uniformly on the cathode lead-out parts at the time of electrolytic
polymerization. As a result, a conductive 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 manufacturing apparatus for
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 manufacturing apparatus and the manufacturing method
are not limited to these illustrated examples alone. In the following
explanation of the aeries of manufacturing method, each process is
described according to Fig. 1 and Fig. 9. 



Fig. 2 shows a state of opening holes continuously at specified intervals
in the longitudinal direction, in an anode foil 1 made from a valve metal.
In the embodiment, two rows of holes 1a are formed in the width direction.
The anode foil 1 is an aluminum foil (thickness 100,m). The surface of the
aluminum foil has an electrochemically roughened surface, and 16   ~- 9 J U
L 2003 an anodic forming film 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 the face and back sides. By adhering this insulating tape 2 to the
anode foil, it 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 tape 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 protrusions 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 forming 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 17   =9 ~UL 2t3 polymerization solution from creeping
up to the anode lead-out part 3 side. Consequently, by forming treatment 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 3009C , 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 6 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 6 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 negative electrodes,
and electrolytic polymerization was performed. 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 18   - 9 JUL 2003 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 forming the conductive high polymer film
was taken out of the polymerization solution 6, and the adhering conductive
tape 6 was peeled off (conductive tape peeling step 16 in Fig. 1). In this
way, a aeries of steps from forming treatment until polymerization was
executed continuously as shown in Fig. 1. At this time, the sequential
processing steps were carried out so that the rollers for conveying these
samples 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, and
one capacitor element was prepared. Then, taking out the cathode lead and
anode lead, the individual capacitor 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  19   - 9 J U L
Q003 electrostatic capacity, tangent of loss angle (dielectric loss
tangent), leak current (10 V applied, 2 minutes), and withstand voltage
(breakdown voltage of solid electrolytic capacitor 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 polymerization, using the conductive tape 6 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
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 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, 20   - 9 J U L 2003 ammonium persulfate was used.
While, 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
polymerization 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 formed 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 the
same composition as in exemplary embodiment 1 was formed on the conductive
high polymer film formed by chemical oxidation polymerization. The other
steps are same as in exemplary embodiment 1. Thus, capacitor elements for
solid electrolytic capacitor of comparative example were prepared. The
initial characteristics of these capacitor elements are shown in Table 1.
21   - 9 J U L 2003 Table 1 ElectrostaticDielectric
lossWithstandcapacitytangentLeak
currentvoltageF%)AAExemplaryembodiment3.421.20.0223.11Exemplaryembodiment1.
081.10.0122.62Comparative3.641.62.4. 16.0exam le In Table 1, the rating of
exemplary embodiment 1 is 10 V) 3.3 ~,F, the rating of exemplary embodiment
2 is 10 V, 1.1 ~F, and the rating of comparative example is 10 V, 3.3 ~,F.
As clear from this table, the capacitor 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 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 that a plurality of elements can be continuously
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 film, as compared with the method not using the conductive tape in
the comparative example, the conductive high polymer film can be formed
easily on the plurality of protrusions. As a result, an excellent mass 22
- 9 J U L 2003 producibility is obtained. In the exemplary embodiments 1
and 2) aluminum was used 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 sul~onate
was used, but not limited to this, other support 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 23   - 9 J U L 2003 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 mounting parts 17. Individual anode 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 18 and cathode terminal 19, respectively. The plurality of the
capacitor elements are entirely and integrally covered with an external
resin by molding. This, 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 capacitors 20 thus assembled are
further processed in several steps as required. Later, the individual solid
electrolytic capacitors are separated from the metal lead frame 16. Thus,
individual solid electrolytic capacitors are obtained. In this method, a
plurality 24   - 9 JUL 2003 of solid electrolytic capacitors are assembled
continuously. Accordingly, the solid electrolytic capacitors having an
excellent assembling precision and a high reliability are produced at a
superior efficiency. As clear from the exemplary embodiments, by the 



manufacturing method including a step of forming conductive high polymer
films by electrolytic polymerization continuously on each protrusion of a
plurality of protrusions by adhering an insulating tape to the band anode
foil having the plurality of protrusions, a plurality of capacitor elements
can be processed continuously from the forming treatment step to the
electrolytic polymerization 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 cathode
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 prevented, 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 capacitor having excellent
characteristics such as small leak current, high withstand voltage and
superior reliability is 25   - 9 J U L 2003 obtained. Moreover, the process
from the step of laminating a plurality of capacitor elements till the step
of molding the plurality of laminated capacitor elements with resin is
executed continuously by using a hoop 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, 26
- 9 J U L 2003 What is claimed is: 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 protrusions, (c) adhering a
conductive tape to said central part, (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) fabricating 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 manufacturing method of solid electrolytic capacitor
of claim 1, further comprising a step of placing a conductor layer above
said dielectric layer, wherein said conductive high polymer film is formed
on said conductor layer. 27  



- 9 J U L 200 3. The manufacturing method of solid electrolytic capacitor
of claim 1, 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 part side, and forming a cathode
lead-out part in said protrusions, said anode lead-out part and cathode
lead-out part are electrically insulated by said electric insulating tape)
said conductive 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 of:
opening a plurality of holes at specified intervals in a longitudinal
direction of said band metal) and adhering an electric insulating tape to
cover said plurality of holes, and said conductive tape is adhered on said
electric insulating tape. 5. The manufacturing method of solid electrolytic
28   



- 9 J U L 2003 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 conductive tape is adhered in a polymerization solution, and
while using said conductive tape as a positive electrode and using an
electrode 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 element of said plurality of capacitor elements. 8. 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, and 29   .= ~ ~
~1 l_ ?.~~13 fabricating individual solid electrolytic capacitors by
cutting off said pair of terminal parts having said laminated capacitor
elements) from said metal lead frame. 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 manufacturing method of solid
electrolytic capacitor of claim 1, further comprising the steps 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 at a specified
position of a band metal lead 30   - 9 J U L 2003 frame having a plurality
of pairs of terminal parts, (i) 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, (j) covering said
laminated capacitor elements with an external resin, and (k) 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 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 side, and
forming a cathode lead-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, 31   - 9 J U
L 2003 said anode lead-out part and cathode lead-out part are electrically
insulated by said electric insulating tape, said conductive tape is adhered
on said electric insulating tape, and said conductive high polymer film is
formed on said cathode lead-out part. 11. The manufacturing method of solid
electrolytic 



capacitor of claim 1, further comprising: a conductor layer placed on said
dielectric 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 electrode, 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 anodic oxidation 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 from the band metal) 32   - 9 JUL 2003 13. The manufacturing
method of solid electrolytic capacitor of claim 1, wherein said step of
forming the conductive high polymer film includes 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. 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
specified 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, by adhering an electric insulating 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 protrusions
continuously by forming slits at 33   - 9 J U h 2003 specified intervals in
the end part of said cathode lead-out part, (d) after 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 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 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 through 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 of each terminal of a plurality of
terminals provided at equal intervals in a band metal lead frame, and
connecting the individual capacitor elements 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 34   - 9 JUL 2003 (j)
after said ninth step) a step of cutting off said covered elements into
individual pieces and separating from the metal 



lead frame. 16. The manufacturing 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 film on said
conductor 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 surface of said 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 35   - 9 J U L 2003 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, (f) a conductive 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 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 width direction of said band
metal. 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 holes at specified intervals in the longitudinal
direction of said central part of said band metal, and 36   - 9 J lJ L 2003
an insulating tape adhering unit for adhering an electric insulating tape
so as to cover said plurality of holes. 20. The manufacturing apparatus 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 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 1?, wherein 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:
37   - 9 J U L 2003 a laminating unit for laminating each capacitor element
of said plurality of capacitor elements. 24. The manufacturing apparatus of
solid electrolytic capacitor of claim 17) further comprising: a laminating
unit for laminating 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 dividing unit for
fabricating individual solid electrolytic capacitors by cutting off said
pair of terminal parts having said laminated capacitor elements from said
metal lead frame. 



25. The manufacturing apparatus of solid electrolytic capacitor of claim
17, further comprising: a laminating unit for laminating each capacitor
element of said plurality of capacitor elements at specified positions of a
band metal lead frame having a plurality of pairs of terminal parts, a
connecting 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
38   - 9 J U L 2003 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. 26. The
manufacturing apparatus of solid electrolytic capacitor of claim 17,
further comprising: a laminating unit for laminating 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, a
connecting 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 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 band metal supply unit includes: 39   9 J U L 2003 a
drilling unit for opening a plurality of holes at specified intervals in
the longitudinal direction of said band metal, an insulating tape adhering
unit for adhering an electric insulating tape so as to cover said plurality
of holes, and a slit forming unit for forming a plurality of slits at said
end part edge of said band metal, and forming said plurality of protrusions
separated by said plurality of slits) wherein said conductive tape is
adhered on said electric insulating tape. 27. The manufacturing apparatus
of solid electrolytic capacitor of claim 1?, 



wherein said polymerization unit has a polymerization tank, a
polymerization solution contained in said polymerization tank, and an
electrode provided in said polymerization solution, and 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 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 40   - 9 J U L 2003
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 disposed at
positions corresponding to said plurality of protrusions, and 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 said plurality of stainless steel plates as
negative electrode, and applying a voltage between said positive electrode
and said negative electrode. 29. A manufacturing apparatus of solid
electrolytic capacitor comprising: a drilling unit for opening a plurality
of holes continuously at specified intervals in the longitudinal 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 aides 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 for forming an anodic oxide film by forming treatment, on a
cut section of the anode foil produced by forming said, slits, 41   - 9 J U
L 2003 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 flat 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 42   - 9 J U L 2003 terminals may be exposed
outside,' and a product dividing unit for dividing the capacitor elements
after molding into individual pieces. 30. The manufacturing 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 independently 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. 43 .A@.A9E.AsY.A&.A&a`.A9[.A& .A& .AHl.A2.AE.A
Y.A[3Y.Al.ALl.Al.A.A.A.AFY.AY.AFl.A.A.A3.Afl.A5.Aal.A.A!l.AHl.Aul.Al.AHY.A.
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