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(54) Electrolytic capacitor, cicuit board containing electrolytic capacitor, and method for
producing the same

(57) In an electrolytic capacitor of the present inven-
tion, a dielectric layer 12 is provided on a surface of a
valve metal element for an anode 11 having a capacitor
forming part 11B and an electrode lead part 11A, and
further, a solid electrolyte layer 13 and a charge collect-
ing layer for a cathode 14 are provided in this order ther-
eon. The capacitor forming part 11B and the electrode
lead part 11A of the valve metal element for an anode

11 have rough surface layers on their surfaces, and are
compressed in the thickness direction of the rough sur-
face layers. Further, a region other than the electrode
lead part 11A and the charge collecting element for cath-
ode 14 is molded with a molding material. Exposed por-
tions of the electrode lead part 11A and the charge col-
lecting element for cathode 14 function as electrode ter-
minals, respectively.
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Description

[0001] The present invention relates generally to an
electrolytic capacitor that can be built in a board, for use
in a high-speed power source circuit, to a circuit board
containing an electrolytic capacitor, and to a method for
producing the same.
[0002] Conventionally, an electrolytic capacitor in
which a valve metal such as aluminum or tantalum is
used, and a multilayered ceramic capacitor in which Ag/
Pd or Ni is used for electrodes and barium titanate is
used as a dielectric, have been known as capacitors.
These capacitors are used in many power source cir-
cuits. Recently, since CPU driving circuits and switching
power source circuits particularly are required to be driv-
en with a lower driving voltage, to consume less power,
and to be fitted for high frequencies, a capacitor also is
required to have a large capacitance, a low equivalent
series resistance (hereinafter referred to as ESR), and
a low equivalent series inductance (hereinafter referred
to as ESL). To meet with these requirements, particular-
ly for a capacitor to have a low ESR, a technique in which
a specialty polymer having a high electroconductivity
(conductive polymer) is used as a solid electrolyte for a
cathode has been examined and developed.
[0003] A configuration of a conventional specialty pol-
ymer electrolytic capacitor is described below, with ref-
erence to FIG. 11. FIG. 11 is a cross-sectional view of a
conventional specialty polymer electrolytic capacitor. In
FIG. 10, 101 denotes an aluminum foil for an anode
(hereinafter referred to as anode-use aluminum foil).
102 denotes a dielectric layer. 103 denotes a conductive
polymer layer. 104 denotes a carbon layer. 105 denotes
an Ag paste layer. 106 denotes a lead frame. 107 de-
notes a lead frame. 108 denotes a molding resin.
[0004] The anode-use aluminum foil 101 has been
treated so as to have rough surfaces, and is provided
with the dielectric layer 102 on the surfaces. On the sur-
faces of the anode-use aluminum foil 101 provided with
the dielectric layer 102, the conductive polymer layer
103 made of polypyrrole, polythiophene, polyaniline,
etc. is formed. Furthermore, on the conductive polymer
layer 103, the carbon layer 104 and the Ag paste layer
105 are formed in the stated order, so that a convention-
al capacitor unit is provided. Further, the lead frame 106
and the lead frame 107 that function as an anode termi-
nal and as a cathode terminal, respectively, are bonded
with the foregoing conventional capacitor unit, and the
capacitor unit is sealed with the molding resin 108. Thus,
the conventional specialty polymer electrolytic capacitor
is formed.
[0005] Such a conventional specialty polymer electro-
lytic capacitor has a lower ESR than that of an electro-
lytic capacitor using an electrolytic solution as the elec-
trolyte (hereinafter referred to as an electrolytic solution-
type electrolytic capacitor). To further increase the ca-
pacitance and decrease the ESR, however, a configu-
ration in which a plurality of conventional capacitor units

are laminated with an Ag adhesive (Ag adhesive paste)
has been developed. Furthermore, as to the foregoing
conventional capacitor unit, to decrease the ESR there-
of further, materials for the conductive polymer layer
103, the carbon layer 104, and the Ag paste layer 105
have been developed.
[0006] Furthermore, recently, the development of ca-
pacitors arranged so that not only the ESRs but also the
ESLs of the same are reduced for suppression of volt-
age falling due to inductance components has been
needed, for use in high-frequency driving circuits such
as MPU power source circuits. Therefore, small-size
multilayered ceramic capacitors with small ESLs and
electrolytic capacitors with three terminals or four termi-
nals have been developed. Furthermore, circuit boards
provided with such capacitors are required to allow LSIs
to be driven with high frequencies, in addition to meeting
requests for reduction in size and thickness. To obtain
such a circuit board, it is necessary to shorten wirings
and connections. Therefore, a technique of, for in-
stance, burying a capacitor in a circuit board so as to
dispose the capacitor closer to an LSI and thereby re-
ducing inductance components of wirings has been de-
veloped.
[0007] In the case of the conventional specialty poly-
mer electrolytic capacitor having the aforementioned
configuration, however, lead frames are provided as an
anode terminal and a cathode terminal, and further, the
capacitor unit is larger in size. Therefore, a product of
the same has a relatively large size. This makes it diffi-
cult to obtain an ESL value lower than 1 nH in the con-
ventional specialty polymer electrolytic capacitor. For
this reason, the conventional specialty polymer electro-
lytic capacitor, whose ESL hardly is reduced despite
having a reduced ESR, is inferior to a multilayered ce-
ramic capacitor, which is small in size as a capacitor
used in a high-frequency-driven circuit.
[0008] On the other hand, as described above, in the
case of a high-frequency-driving circuit, which requires
the shortening of wirings and connections, a technique
of burying a capacitor unit in a circuit board has been
developed. However, if the conventional specialty poly-
mer electrolytic capacitor is embedded in the circuit
board as it is, serious problems have arisen. Namely, an
anode-use valve metal foil having rough surfaces (an
etching layer of the anode-use aluminum foil 101 in FIG.
11) and a dielectric (the dielectric layer 102 in FIG. 11)
are broken due to stress and the like during a burying
operation, thereby causing short circuits to occur and
causing leak current to increase. Thus, it has been dif-
ficult to obtain sufficient characteristics and reliability by
burying the conventional specialty polymer electrolytic
capacitor in a circuit board. On the other hand, in the
case where a multilayered ceramic capacitor is embed-
ded in a circuit board as well, a drawback is that the
multilayered ceramic capacitor is broken due to stress
and the like upon a burying operation.
[0009] Furthermore, in the case where the conven-
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tional specialty polymer electrolytic capacitor is embed-
ded in a circuit board, problems to be solved are present
also in the connection of the capacitor with circuit wiring.
When a specialty polymer electrolytic capacitor of a con-
ventional lead frame structure is connected with circuit
wiring, the lead frame and the circuit wiring are connect-
ed by soldering. In this case, the shortening of the con-
nections cannot be achieved, and it is difficult to drive a
circuit with a high frequency.
[0010] Therefore, with the foregoing in mind, it is an
object of the present invention to provide an electrolytic
capacitor with a reduced ESL such that the occurrence
of short circuits and an increase in leak current can be
suppressed when the electrolytic capacitor is embed-
ded in a circuit board, and a method for producing the
same, as well as an electrolytic-capacitor-containing cir-
cuit board that ensures high-frequency response and
large-current driving, and a method for producing the
same.
[0011] To achieve the foregoing object, an electrolytic
capacitor of the present invention includes a valve metal
element for an anode including a capacitor forming part
and an electrode lead part, a dielectric layer provided
on a surface of the valve metal element for an anode, a
solid electrolyte layer provided on the dielectric layer,
and a charge collecting element for a cathode provided
on the solid electrolyte layer. In the electrolytic capacitor,
in the valve metal element for an anode, the capacitor
forming part and the electrode lead part have a rough
surface layer on surfaces thereof, and is compressed in
a thickness direction of the rough surface layer.
[0012] The electrolytic capacitor is formed using a
valve metal element for an anode in a state of being
compressed in the thickness direction of the rough sur-
face layer after the surface roughening treatment. Since
the valve metal element for an anode is compressed be-
forehand, it is possible to avoid damage to the rough
surface layer of the valve metal element for an anode
and to the dielectric layer that is generated due to the
stress during a laminating operation, a molding opera-
tion, or when the electrolytic capacitor is built in a circuit
board. Therefore, it is possible to provide an electrolytic
capacitor with high reliability, in which the occurrence of
short circuits and an increase in leak current due to
stress generated when the electrolytic capacitor is built
in a circuit board.
[0013] Furthermore, the compression of the valve
metal element for anode provides an effect of thinning
the capacitor as a whole, thereby ensuring a reduction
of the ESL. Furthermore, since it is possible to use the
electrode lead part provided in the valve metal element
for an anode and the charge collecting element for a
cathode as connection terminals, the electrolytic capac-
itor of the present invention is allowed to have connec-
tion terminals for the upper and lower surfaces instead
of lead frames. Therefore, this provides reduction of the
size of the capacitor as a whole, as well as the shorten-
ing of connections in the case where the capacitor is

built in a circuit board. Consequently, this ensures fur-
ther reduction of the ESL, as well as high-frequency driv-
ing of a circuit in the case where the capacitor is built in
the capacitor.
[0014] Furthermore, in the electrolytic capacitor of the
present invention, the electrode lead part of the valve
metal element for an anode has a rough surface layer
on a surface thereof, and is compressed in a thickness
direction of the rough surface layer. Therefore, a bulk
resistance of the rough surface layer can be lowered in
the case where the electrode lead part and circuit wiring
are connected electrically. Consequently, this allows re-
sistances upon electric connection with the circuit wiring
to be lowered and stabilized, thereby suppressing an in-
crease in the ESR when the capacitor is built in the cir-
cuit.
[0015] Furthermore, the electrolytic capacitor of the
present invention preferably further includes a conduc-
tive via hole bored completely through in a thickness di-
rection, and the conductive via hole is provided in a re-
gion other than the capacitor forming part, and are in-
sulated electrically from the valve metal element for an-
ode, the solid electrolyte layer, and the charge collecting
element for cathode.
[0016] This allows electric wiring to pass through the
electrolytic capacitor when the electrolytic capacitor is
built in a circuit board. Therefore, high densification and
high performance can be achieved.
[0017] Furthermore, in the electrolytic capacitor of the
present invention, a thickness index of the rough surface
layer after compression in the capacitor forming part
preferably is not less than 0.5 and less than 1.0. Here,
the thickness index of the rough surface layer after com-
pression is a thickness of the rough surface layer after
compression in the case where a thickness of the rough
surface layer before compression is assumed to be 1.
[0018] According to the foregoing electrolytic capaci-
tor, the compression provides an effect of an increase
in a capacitance.
[0019] Furthermore, in the electrolytic capacitor of the
present invention, a thickness index of the rough surface
layer after compression in the electrode lead part pref-
erably is not more than 0.5. Here, the thickness index
of the rough surface layer after compression is as de-
scribed above.
[0020] According to the foregoing electrolytic capaci-
tor, the connection resistance in the case where the ca-
pacitor is built in a circuit board can be decreased fur-
ther.
[0021] Furthermore, in the electrolytic capacitor of the
present invention, conductive particles preferably are
embedded in the electrode lead part so that the conduc-
tive particles are exposed on a surface of the electrode
lead part. Besides, the conductive particles preferably
are selected from the group consisting of Au particles,
Ag particles, Cu particles, Ni particles, and C particles.
[0022] The foregoing configuration allows further low-
ering and stabilization of resistances when the electrode
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lead part and circuit wiring are connected electrically.
[0023] Furthermore, in the electrolytic capacitor of the
present invention, the charge collecting element for
cathode preferably is made of a metal foil in which car-
bon particles are embedded so that the particles are ex-
posed on a surface of the metal foil.
[0024] According to the foregoing electrolytic capaci-
tor, an interface resistance between the charge collect-
ing element for cathode and the solid electrolyte layer
is decreased, whereby the ESR is further reduced.
[0025] Furthermore, in the electrolytic capacitor of the
present invention, the charge collecting element for
cathode may be a cladding material, the cladding ma-
terial including (i) a metal foil in which carbon particles
are embedded so that the particles are exposed on a
surface of the metal foil, and (ii) a cladding layer.
[0026] Furthermore, in the electrolytic capacitor of the
present invention, the capacitor forming part and the
electrode lead part preferably are provided on a same
plane of the valve metal element for an anode.
[0027] According to the foregoing electrolytic capaci-
tor, in the case where the electrolytic capacitor of the
present embodiment is built in a circuit board, it is pos-
sible to obtain lead wires from the anode and the cath-
ode from the same side of the electrolytic capacitor.
Therefore, this allows the wiring to be shortened. This
allows the electrolytic capacitor to operate sufficiently
for high-frequency driving of the circuit.
[0028] Furthermore, in the electrolytic capacitor of the
present invention, the capacitor forming part may be
provided on a first side of the valve metal element for
an anode and the electrode lead part may be provided
on a second side of the valve metal element for an an-
ode, the second side being opposite to the first side.
[0029] Furthermore, in the electrolytic capacitor of the
present invention, the valve metal element for anode
may include a valve metal layer and a metal layer. Here-
in the metal layer preferably is made of Cu or Ni.
[0030] Furthermore, in the electrolytic capacitor of the
present invention, a region other than a predetermined
portion of the electrode lead part and a predetermined
portion of the charge collecting element for a cathode
preferably is sealed with a molding material. Further-
more, by sealing the electrolytic capacitor so that at least
one of the electrode lead part and the charge collecting
element for a cathode has a plurality of portions uncov-
ered with the molding material, a three-terminal struc-
ture or a four-terminal structure can be obtained, where-
by the ESL can be decreased further.
[0031] To achieve the aforementioned object, a meth-
od of the present invention for producing the foregoing
electrolytic capacitor includes the steps of roughening
at least a surface of a portion of the valve metal element
for an anode, the portion being to be the capacitor form-
ing part and the electrode lead part, and compressing
the roughened surface portion of the valve metal ele-
ment for an anode in the thickness direction.
[0032] Furthermore, in the electrolytic capacitor pro-

ducing method of the present invention, the compress-
ing step preferably is carried out so that a thickness in-
dex of the rough surface layer after compression in the
capacitor forming part is not less than 0.5 and less than
1.0. Here, the thickness index of the rough surface layer
after compression is a thickness of the rough surface
layer after compression in the case where a thickness
of the rough surface layer before compression is as-
sumed to be 1.
[0033] Furthermore, in the electrolytic capacitor pro-
ducing method of the present invention, the compress-
ing step is carried out so that a thickness index of the
rough surface layer after compression in the electrode
lead part is not more than 0.5. Here, the thickness index
of the rough surface layer after compression is as de-
scribed above.
[0034] Furthermore, the electrolytic capacitor produc-
ing method of the present invention further may include
the step of placing conductive particles on the electrode
lead part in a state in which the dielectric layer is formed
on a surface of the electrode lead part, and compressing
the electrode lead part so that the conductive particles
are embedded in the electrode lead part.
[0035] Furthermore, the electrolytic capacitor produc-
ing method of the present invention preferably further
includes the steps of forming the dielectric layer, forming
the solid electrolyte layer, and repairing the dielectric
layer, wherein the roughening step, the dielectric layer
forming step, the solid electrolyte layer forming step, the
compressing step, and the dielectric layer repairing step
are carried out in the stated order.
[0036] According to these methods, it is possible to
produce an electrolytic capacitor that can be built in a
circuit board, with a minimum of influences of stress to
the electrolytic capacitor when the electrolytic capacitor
is built in a circuit board.
[0037] An electrolytic-capacitor-containing circuit
board of the present invention includes the electrolytic
capacitor of the present invention.
[0038] Furthermore, in the electrolytic-capacitor-con-
taining circuit board of the present invention, the elec-
trolytic capacitor of the present invention may be em-
bedded in an insulation material having a wire layer, and
the electrode lead part of the valve metal element for an
anode and the charge collecting element for a cathode
may be connected individually with the wire layer. The
insulation material preferably is a composite material
containing inorganic material particles and a thermoset-
ting resin.
[0039] This configuration of the foregoing electrolytic-
capacitor-containing circuit board of the present inven-
tion allows the circuit board to be capable of high-fre-
quency response and large-current driving.
[0040] Furthermore, an electrolytic-capacitor-con-
taining circuit board producing method of the present in-
vention includes the step of burying the electrolytic ca-
pacitor in the insulation material in a non-cured state by
pressing, wherein a pressure in the burying step is
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smaller than a pressure applied to the capacitor forming
part of the valve metal element for an anode of the elec-
trolytic capacitor when it is compressed.
[0041] By the foregoing method, it is possible to build
an electrolytic capacitor in a circuit board while sup-
pressing occurrence of short circuits and an increase in
leak current in the electrolytic capacitor.
[0042] These and other objects, characteristics, and
advantages will be fully revealed by the following de-
scription. The benefits of the present invention will be-
come apparent to those skilled in the art upon reading
and understanding the following detailed description
with reference to the accompanying figures.
[0043] FIG. 1A is a cross-sectional view illustrating a
configuration of an electrolytic capacitor according to a
first embodiment of the present invention, FIG. 1B is a
top view of the electrolytic capacitor, and FIG. 1C is a
bottom view of the electrolytic capacitor.
[0044] FIG. 2 is a diagram illustrating the relationship
between a thickness index of a rough surface layer and
a capacitance index.
[0045] FIG. 3A is a cross-sectional view illustrating a
configuration of an electrolytic capacitor according to a
second embodiment of the present invention, FIG. 3B
is a top view of the electrolytic capacitor, and FIG. 3C is
a bottom view of the electrolytic capacitor.
[0046] FIG. 4 is a cross-sectional view illustrating a
configuration of an electrolytic capacitor according to a
third embodiment of the present invention.
[0047] FIG. 5 is a cross-sectional view illustrating a
configuration of an electrolytic capacitor according to a
fourth embodiment of the present invention.
[0048] FIG. 6A is a cross-sectional view illustrating a
configuration of an electrolytic capacitor according to a
fifth embodiment of the present invention, FIG. 6B is a
top view of the electrolytic capacitor, and FIG. 6C is a
bottom view of the electrolytic capacitor.
[0049] FIG. 7A is a cross-sectional view illustrating a
configuration of an electrolytic capacitor according to a
sixth embodiment of the present invention, FIG. 7B is a
top view of the electrolytic capacitor, and FIG. 7C is a
bottom view of the electrolytic capacitor.
[0050] FIG. 8 is a cross sectional view illustrating a
configuration of an electrolytic capacitor according to a
seventh embodiment of the present invention.
[0051] FIG. 9 is a cross-sectional view illustrating a
configuration of an electrolytic-capacitor-containing cir-
cuit board according to an eighth embodiment of the
present invention.
[0052] FIG. 10 is a diagram illustrating the relationship
between a thickness of a capacitor and ESL.
[0053] FIG. 11 is a cross-sectional view illustrating a
configuration of a conventional specialty polymer elec-
trolytic capacitor.
[0054] The following description will depict an embod-
iment of the present invention, while referring to the
drawings.

First Embodiment

[0055] FIGS. 1A to 1C illustrate schematic configura-
tions of an electrolytic capacitor of the present embodi-
ment. FIGS. 1A, 1B, and 1C are a cross-sectional view,
a top view, and a bottom view of the same, respectively.
It should be noted that the top and the bottom of the
electrolytic capacitor are defined merely for conven-
ience of description, and a top and a bottom of the elec-
trolytic capacitor according to the present embodiment
are not specified particularly, when it is used.
[0056] In FIGS. 1A to 1C, 11 denotes an anode-use
valve metal foil, 12 denotes a dielectric layer, 13 denotes
a solid electrolyte layer, 14 denotes a cathode-use
charge collecting layer, 15 denotes a carbon particle,
and 16 denotes a molding material. The anode-use
valve metal foil 11 has surfaces roughened by electro-
lytic etching, and includes an electrode lead part 11A
and a capacitor forming part 11B.
[0057] The following description will depict a configu-
ration of an electrolytic capacitor of the present embod-
iment, while depicting an embodiment of an electrolytic
capacitor producing method of the present invention.
[0058] First of all, for instance, an aluminum foil with
a purity of 99.99% is subjected to electrolytic etching in
an electrolytic solution mainly containing hydrochloric
acid, with an alternating current applied thereto, so that
the aluminum foil has rough surfaces. Thus, the anode-
use valve metal foil 11 is formed.
[0059] Then, the capacitor forming part 11B of the an-
ode-use valve metal foil 11 is pressed by a press ma-
chine having a predetermined press shape or the like,
so that rough surface layers of the same are pressed.
Herein, the rough surface layers are layers including a
multiplicity of pits formed by etching. Subsequently, the
electrode lead part 11A of the anode-use valve metal
foil 11 is pressed by a press machine having a prede-
termined press shape or the like, so that rough surface
layers of the same are compressed. Herein, the elec-
trode lead part 11A is pressed under a higher pressure
than that for the capacitor forming part 11B. Further-
more, as to the capacitor forming part 11B, a ratio of a
thickness of the rough surface layer after the pressing
to a thickness of the same before the pressing prefera-
bly is not less than 0.5. The electrode lead part 11A pref-
erably has such a ratio of not more than 0.5.
[0060] Subsequently, the anode-use valve metal foil
11 is subjected to anodic oxidation in a neutral electro-
lytic solution, so that the dielectric layer 12 having a cer-
tain breakdown voltage is formed on surfaces of the an-
ode-use valve metal foil 11. Next, a predetermined por-
tion (portion except for the capacitor forming part 11B)
of the anode-use valve metal foil 11 is masked with the
molding material 16, and the solid electrolyte layer 13
made of polypyrrole, polythiophene, polyaniline, etc. is
formed by chemical polymerization, or chemical polym-
erization and electrolytic polymerization in combination,
using a solution containing a dopant and respective
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monomers.
[0061] On the other hand, as the cathode-use charge
collecting layer 14, a Cu foil, a Ni-foil, or a foil obtained
by embedding the carbon particles 15 in a surface part
(surface part in contact with the solid electrolyte layer
13) of a Cu foil, a Ni foil, or an Al foil by pressing is used.
On the surface of the cathode-use charge collecting lay-
er 14, the conductive polymer layer made of polypyrrole,
polythiophene, polyaniline, etc. may be formed by elec-
trolytic polymerization using a solution containing a do-
pant and respective monomers. In the case where the
cathode-use charge collecting layer 14 composed of a
conductive polymer layer thus formed by electrolytic po-
lymerization is used, the solid electrolyte layer 13 and
the conductive polymer layer of the cathode-use charge
collecting layer 14 may be bonded with a conductive pol-
ymer or a conductive paste. Further, the process for
forming the cathode-use charge collecting layer 14 and
the process for bonding the same with the solid electro-
lyte layer 13 are not limited to the above. It should be
noted that in the foregoing bonding process, the bonding
is carried out while the cathode-use charge collecting
layer 14 is pressed under a pressure smaller than the
pressure for pressing the capacitor forming part 11B.
The cathode-use charge collecting layer 14, however,
may be composed of a carbon layer and an Ag paste
layer as conventionally.
[0062] Then, the whole except for portions of the elec-
trode lead part 11A that are to serve as an anode termi-
nal and an upper surface of the cathode-use charge col-
lecting layer 14 that is to serve as a cathode terminal is
sealed with the molding material 16 made of an epoxy
resin containing an inorganic filler such as silica, etc.
[0063] Subsequently, defects of the dielectric layer 12
are corrected and the solid electrolyte layer 13 is insu-
lated in an atmosphere of 80 %RH at 85?C, with a pre-
determined voltage being applied. After drying, an elec-
trolytic capacitor of the present embodiment is obtained.
[0064] As described above, an electrolytic capacitor
of the present embodiment is formed using the anode-
use valve metal foil 11 that is compressed in the thick-
ness direction after the surface-roughening treatment.
Since the anode-use valve metal foil 11 is pressed be-
forehand so as to be compressed, it is possible to pre-
vent the breaking of the rough surface layer of the an-
ode-use valve metal foil 11 and the dielectric layer 12,
which occurs due to the stress applied thereto when the
capacitor unit is embedded in a circuit board. Therefore,
it is possible to suppress the occurrence of short circuits
and an increase in leak current due to stress when an
electrolytic capacitor is embedded in a circuit board, and
hence, to obtain an electrolytic capacitor with high reli-
ability.
[0065] Furthermore, the anode-use valve metal foil 11
has the electrode lead part 11A and the capacitor form-
ing part 11B. FIG. 2 illustrates the relationship between
the rough surface layer thickness index (compression
level) of the anode-use valve metal foil 11 after pressing

and a capacitance index per unit foil thickness. The
rough surface layer thickness index of the rough surface
layer after pressing is indicative of a thickness of the
rough surface layer after compression in the case where
the thickness of the rough surface layer before compres-
sion is assumed to be 1. On the other hand, the capac-
itance index after pressing is indicative of a capacitance
per unit foil thickness after compression in the case
where the capacitance per unit foil thickness before
compression is assumed to be 1. It should be noted that
the foil thickness refers to a thickness of the entirety of
the anode-use valve metal foil 11 including a thickness
of the portion not roughened. The capacitance herein
refers to a capacitance in the electrolytic solution per
unit area when the dielectric oxide film 12 is formed after
pressing the anode-use valve metal foil 11.
[0066] As seen from FIG. 2, the capacitance index per
unit foil thickness exceeds 1 in the case where the rough
surface layer of the capacitor forming part 11B in the
anode-use valve metal foil 11 is compressed so that a
rough surface layer thickness index of approximately
0.5 to 1 is obtained. In other words, a capacitance in-
creasing effect can be achieved by compression. Fur-
thermore, since the compression also results in the thin-
ning of the anode-use valve metal foil 11, an effect of
the thinning of the entire electrolytic capacitor is
achieved also, and hence, the ESL value is decreased.
Therefore, this provides reduction of the ESL as well as
an increase in the capacitance. Such an effect can be
achieved in second to eighth embodiments of the
present invention that will be described later.
[0067] On the other hand, by pressing the electrode
lead part 11A under a pressure higher than that for the
capacitor forming part 11B, a bulk resistance of the
rough surface layer can be lowered in the case where
the electrode lead part 11A is connected electrically with
the circuit wiring. This provides the lowering of resist-
ances and the stability of electric connections. As a re-
sult, even in the case where the electrolytic capacitor of
the present embodiment is built in a circuit board, it is
possible to prevent the ESR value of the circuit board
from rising due to the connection resistances between
the electrolytic capacitor and the circuit wiring. Besides,
as shown in FIG. 2, the capacitance index significantly
decreases when the rough surface layer thickness index
is less than 0.5. Therefore, by compressing the elec-
trode lead part 11A so that the rough surface thickness
index is not more than 0.5, the connection resistance
can be decreased further. The effect of the further low-
ering of the connection resistance, which is achieved by
compressing the electrode lead part so that the rough
surface layer thickness index is not more than 0.5, can
be achieved as well in the second to eighth embodi-
ments that will be described later.
[0068] Furthermore, though the anode-use valve met-
al foil 11 preferably is made of aluminum, it is not limited
to the same, and a foil made of any valve metal, such
as tantalum or niobium, is applicable as the anode-use
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valve metal foil 11. Furthermore, the method for rough-
ening the surfaces may be another method, such as di-
rect current etching.
[0069] The cathode-use charge collecting layer 14
preferably is made of a Cu foil, a Ni foil, or an aluminum
foil in which the carbon particles 15 are embedded by
pressing for reducing an interface resistance between
the same and the solid electrolyte layer 13 (reduction of
ESR), or alternatively, it may be made of a cladding ma-
terial composed of Cu or Ni that is solderable and an
aluminum foil in which the carbon particles 15 are em-
bedded. It should be noted that the cathode-use charge
collecting layer 14 may be made of a carbon layer and
an Ag paste layer, as is the case with the conventional
electrolytic capacitor.
[0070] As described above, the electrolytic capacitor
of the present embodiment is thin in thickness, does not
have lead frames but rather connection terminals on up-
per and lower surfaces (the electrode lead part 11A and
the cathode-use charge collecting layer 14). Therefore,
it is small in size and achieves the shortening of con-
nections in the case where it is embedded in a circuit
board. Consequently, the reduction of the ESL can be
achieved, and further, high-frequency driving is enabled
in the case where the capacitor is built in a circuit board.
More specifically, an aluminum foil having a thickness
of approximately 40 ? m to 150 ? m (thickness before
compression) is applicable as the anode-use valve met-
al foil 11A, and it is possible to allow the electrolytic ca-
pacitor to have a thickness of several hundreds ? m.
Therefore, it is possible to obtain an ESL value of not
more than 1 nH.
[0071] Furthermore, in the present embodiment, the
electrolytic capacitor has a two-terminal structure, with
the electrode lead part 11A and the cathode-use charge
collecting layer 14 being exposed. However, a three-ter-
minal structure or a four terminal structure is obtained
by molding at least one of the electrode lead part 11A
and the cathode-use charge collecting layer 14 with the
molding material 16 so that two portions are exposed so
as to function as terminals. With this configuration, the
anode-use valve metal foil 11 or the cathode-use charge
collecting layer 14 functions as circuit wiring when the
electrolytic capacitor is built in a circuit board, and there-
fore, it is possible to reduce the ESL further.
[0072] Furthermore, since the anode-use valve metal
foil 11 is compressed beforehand, it is resistant to stress
during a laminating operation or a molding operation, or
when the electrolytic capacitor is built in a circuit board.
Consequently, an electrolytic capacitor with high relia-
bility can be obtained.
[0073] Furthermore, as to the lowering of the ESR, it
is difficult to decrease the ESR of the conventional spe-
cialty polymer aluminum electrolytic capacitor to as low
a level as that of the multilayered ceramic capacitor, and
it cannot be achieved sufficiently by decreasing specific
resistances of the conductive polymer layer, the carbon
layer, and the Ag paste layer. This is evident from that,

in the case where an electrolytic capacitor using a spe-
cialty polymer is compared with an electrolytic solution-
type electrolytic capacitor, the specialty polymer has a
degree of conductivity that is two or more digits greater
than that of the electrolytic solution, but the electrolytic
capacitor using the specialty polymer has an ESR that
is only one digit or the like smaller than that of the elec-
trolytic-solution-type electrolytic capacitor. Therefore, to
lower the ESR, it is necessary to decrease an interface
resistance between materials serving as a cathode. To
decrease the interface resistance, compression to in-
crease the interface surface between materials is effec-
tive, but another problem arises in that when a conven-
tional specialty-polymer electrolytic capacitor is com-
pressed, the rough surface layer of the valve metal de-
forms and the dielectric layer is damaged, thereby caus-
ing short circuits or an increase in leak current. However,
since the electrolytic capacitor according to the present
embodiment is composed of the anode-use valve metal
foil 11 that has been compressed beforehand, a pres-
sure, as long as it is not more than the pressure for
pressing the capacitor forming part 11B, is allowed to be
applied to the whole in the thickness direction upon
bonding the cathode-use charge collecting layer 14.
Thus, according to the electrolytic capacitor according
to the present embodiment, it is possible to reduce in-
terface resistances between the respective layers,
thereby to lower the ESR to a level as low as that of the
multilayered ceramic capacitor, while the damage to the
anode-use valve metal foil 11 and the dielectric layer 12
due to the pressure is minimized.
[0074] It should be noted that in the present embodi-
ment, after the rough surface layer of the anode-use
valve metal foil 11 is compressed, the dielectric layer 12
and the solid electrolytic layer 13 are formed, and then,
the dielectric layer 12 is repaired, so that the electrolytic
capacitor is produced. However, after the dielectric layer
12 and the solid electrolyte layer 13 are formed on the
roughened anode-use valve metal foil 11, the rough sur-
face layer on the anode-use valve metal foil 11 may be
compressed, and further, defects of the dielectric layer
12 may be repaired. According to this method, the com-
pression is carried out after forming the solid electrolyte
layer 13. Therefore, it is possible to fill spaces in the
rough surface layer of the anode-use valve metal foil 11
with the solid electrolyte, and hence, it is possible to de-
crease the ESR.

Second Embodiment

[0075] FIGS. 3A to 3C illustrate a schematic configu-
ration of an electrolytic capacitor of the present embod-
iment. FIG. 3A, 3B, and 3C are a cross-sectional view,
a top view, and a bottom view of the same, respectively.
It should be noted that the top and the bottom of the
electrolytic capacitor are defined merely for conven-
ience of description, and a top and a bottom of the elec-
trolytic capacitor according to the present embodiment
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are not specified particularly, when it is used. In FIGS.
3A to 3C, 17 denotes a conductive particle. The same
members as those of the first embodiment will be de-
noted by the same reference numerals, and the descrip-
tion of the same is omitted herein.
[0076] The electrolytic capacitor of the present em-
bodiment has substantially the same configuration as
that of the electrolytic capacitor of the first embodiment,
except that the conductive particles 17 are embedded
in a portion of the electrode lead part 11A of the anode-
use valve metal foil 11 that is to function as an electrode
terminal. The following description will depict a method
for producing an electrolytic capacitor according to the
present embodiment.
[0077] First of all, for instance, an aluminum foil with
a purity of 99.99% is subjected to electrolytic etching in
an electrolytic solution containing hydrochloric acid
mainly, with an alternating current applied to the alumi-
num foil, so that the aluminum foil has rough surfaces.
Thus, the anode-use valve metal foil 11 is formed.
[0078] Then, the capacitor forming part 11B of the an-
ode-use valve metal foil 11 is pressed by a press ma-
chine having a predetermined press shape or the like,
so that rough surface layers of the same are pressed.
Herein, the pressing preferably is carried out so that a
ratio of a thickness of the rough surface layer after the
pressing to a thickness of the same before the pressing
is not less than 0.5.
[0079] Subsequently, the anode-use valve metal foil
11 is subjected to anodic oxidation in a neutral electro-
lytic solution, so that the dielectric layer 12 having a cer-
tain breakdown voltage is formed on surfaces of the an-
ode-use valve metal foil 11.
[0080] Then, Au particles with a particle diameter of
several? m, used as the conductive particles 17, are
placed on the bottom surface portion of the electrode
lead part 11A of the anode-use valve metal foil 11, and
the electrode lead part 11A is pressed so that the Au
particles are embedded therein. Through this process,
the conductive particles 17 are embedded by breaking
the dielectric layer 12 on the anode-use valve metal foil
11. Therefore, this provides reduction and stabilization
of the connection resistance upon electric connection of
the electrode lead part 11A with circuit wiring. Herein, it
is necessary to carry out the pressing of the electrode
lead part 11A under a higher pressure than that for the
capacitor forming part 11B, to prevent the conductive
particles 17 from falling off. Furthermore, as to the ca-
pacitor forming part 11B, the pressing preferably is car-
ried out so that a ratio of a thickness of the rough surface
layer after the pressing to a thickness of the same before
the pressing is not less than 0.5, and further, so that
spaces in the rough surface layer are eliminated.
[0081] Next, a predetermined portion (portion except
for the capacitor forming part 11B) of the anode-use
valve metal foil 11 is masked with the molding material
16, and the solid electrolyte layer 13 made of polypyr-
role, polythiophene, polyaniline, etc. is formed by chem-

ical polymerization, or chemical polymerization and
electrolytic polymerization in combination, using a solu-
tion containing a dopant and respective monomers.
[0082] Thereafter, the same process as that in the first
embodiment is carried out, whereby an electrolytic ca-
pacitor that is thin and that can be built in a circuit board
is obtained.
[0083] It should be noted that the material for the con-
ductive particles 17 is not limited to Au, and any material
with suitable conductivity may be used. However, the
material preferably is selected from Au, Ag, Cu, Ni, C,
etc., which have low specific resistances and are stable.
[0084] As described above, with the electrolytic ca-
pacitor of the present embodiment, in which the conduc-
tive particles 17 are embedded in the electrode lead part
11A, it is possible to achieve an effect of reducing and
stabilizing the connection resistance upon electric con-
nection of the electrolytic capacitor with the circuit
board, in addition to the effect obtained from the elec-
trolytic capacitor of the first embodiment.
[0085] It should be noted that in the present embodi-
ment as well, like in the first embodiment, after the die-
lectric layer 12 and the solid electrolyte layer 13 are
formed on the roughened anode-use valve metal foil 11,
the rough surface layer on the anode-use valve metal
foil 11 may be compressed, and further, defects of the
dielectric layer 12 may be repaired.

Third Embodiment

[0086] FIG. 4 is a cross-sectional view of an electro-
lytic capacitor according to the present embodiment. In
FIG. 4, 21 denotes an anode-use valve metal foil. It
should be noted that the same members as those of the
first and second embodiments are denoted by the same
reference numerals, and the description of the same is
omitted herein.
[0087] The anode-use valve metal foil 21 in the elec-
trolytic capacitor of the present embodiment differs from
the anode-use valve metal foil 11 in the first and second
embodiments in that only one surface thereof, on which
the solid electrolyte layer 13 and the cathode-use
charge collecting layer 14 are formed, is roughened.
Further, the anode-use valve metal foil 21 includes an
electrode lead part 21A and a capacitor forming part
21B, like the anode-use valve metal foil 11. Since a por-
tion of the electrode lead part 21A that functions as an
anode terminal is provided on a rough surface of the an-
ode-use valve metal foil 21, the anode terminal and the
cathode terminal (cathode-use charge collecting layer
14) are provided on the same surface (upper surface)
of the electrolytic capacitor. Therefore, in the case
where the electrolytic capacitor of the present embodi-
ment is built in a circuit board, it is possible to obtain
lead wires from the anode and the cathode from the
same side of the electrolytic capacitor. Consequently,
this allows the wiring to be shortened.
[0088] As described above, since the shortening of
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the wiring is achieved when the electrolytic capacitor of
the present embodiment is built in a circuit board, an
effect of making the electrolytic capacitor applicable to
a high-frequency-driven circuit can be achieved, in ad-
dition to the effect achieved from the electrolytic capac-
itor according to the second embodiment.
[0089] It should be noted that the electrolytic capacitor
of the present embodiment is formed through substan-
tially the same process as that for forming the electro-
lytic capacitor of the second embodiment, except that in
forming the anode-use valve metal foil 21, only one sur-
face thereof is roughened in the case of the present em-
bodiment. Moreover, the material of the anode-use
valve metal foil 21 and the method for pressing the same
are the same as those of the anode-use valve metal foil
11 of the first embodiment.

Fourth Embodiment

[0090] FIG. 5 is a cross-sectional view of an electro-
lytic capacitor according to the present embodiment. In
FIG. 5, 18 denotes a conductive via hole. It should be
noted that the same members as those of the first to
third embodiments are denoted by the same reference
numerals, and the description of the same is omitted
herein.
[0091] The electrolytic capacitor of the present em-
bodiment has substantially the same configuration as
that of the electrolytic capacitor of the third embodiment,
except that conductive via holes 18 are provided in a
portion of the anode-use valve metal foil 21 other than
the capacitor forming part 21B. The following descrip-
tion will depict a method for producing the electrolytic
capacitor of the present embodiment.
[0092] An electrolytic capacitor of the third embodi-
ment is produced, and through holes are formed in a
portion other than the capacitor forming part 21B. Then,
the molding material 16 is filled in the through holes, and
cured. Thereafter, in the molding material 16 in the
through holes that have been formed previously, addi-
tional through holes, which are to be via holes, are
formed. A conductive paste is filled in these through
holes, so that the conductive via holes 18 are formed. It
should be noted that the method for forming the conduc-
tive via holes 18 is not limited to the filling of the con-
ductive paste, and plating is applicable.
[0093] As described above, since the electrolytic ca-
pacitor of the present embodiment is provided with the
conductive via holes 18, electric wires can be formed so
as to pass through the electrolytic capacitor when the
electrolytic capacitor is built in a circuit board. Therefore,
in addition to an effect achieved by the electrolytic ca-
pacitor according to the third embodiment, higher den-
sification and higher performance can be achieved.

Fifth Embodiment

[0094] FIGS. 6A to 6C illustrate a schematic configu-

ration of an electrolytic capacitor of the present embod-
iment. FIG. 6A, and 6B are a cross-sectional view, a top
view, and a bottom view of the same, respectively. It
should be noted that the top and the bottom of the elec-
trolytic capacitor are defined merely for convenience in
description, and a top and a bottom of the electrolytic
capacitor according to the present embodiment are not
specified particularly, when it is used. In FIGS. 6A to 6C,
31 denotes an anode-use valve metal foil, and 19 de-
notes a metal layer. The anode-use valve metal foil 31
includes a capacitor forming part 31B. The metal layer
19 functions as an electrode lead part. The same mem-
bers as those of the first to fourth embodiments will be
denoted by the same reference numerals, and the de-
scription of the same is omitted herein.
[0095] The electrolytic capacitor of the present em-
bodiment has substantially the same configuration as
that of the electrolytic capacitor of the first embodiment,
except that conductive via holes 18 are provided in a
portion of the anode-use valve metal foil 31 other than
the capacitor forming part 31B.
[0096] The following description will depict a method
for producing the electrolytic capacitor of the present
embodiment.
[0097] An electrolytic capacitor of the first embodi-
ment is produced, and through holes are formed in a
portion other than the capacitor forming part 31B. Then,
the molding material 16 is filled in the through holes, and
cured. Thereafter, in the molding material 16 in the
through holes that have been formed previously, addi-
tional through holes, which are to be via holes, are
formed. A conductive paste is filled in the through holes,
so that the conductive via holes 18 are formed. It should
be noted that the method for forming the conductive via
holes 18 is not limited to the filling of the conductive
paste, and plating is applicable.
[0098] Since the electrolytic capacitor of the present
embodiment is provided with the conductive via holes
18, electric wires can be formed so as to pass through
the electrolytic capacitor when the electrolytic capacitor
is built in a circuit board. Therefore, in addition to an ef-
fect achieved by the electrolytic capacitor according to
the first embodiment, higher densification and higher
performance can be achieved.
[0099] It should be noted that the electrolytic capacitor
of the present embodiment may be an electrolytic ca-
pacitor that is formed according to the second embodi-
ment and in which the conductive via holes 18 are
formed by the same method as the aforementioned.
Furthermore, a metal layer may be provided by plating
or the like on a surface of the electrode lead part 31A (a
surface electrically connected with the outside).

Sixth Embodiment

[0100] FIGS. 7A to 7C illustrate a schematic configu-
ration of an electrolytic capacitor of the present embod-
iment. FIG. 7A, 7B, and 7C are a cross-sectional view,
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a top view, and a bottom view of the same, respectively.
It should be noted that the top and the bottom of the
electrolytic capacitor are defined merely for conven-
ience in description, and a top and a bottom of the elec-
trolytic capacitor according to the present embodiment
are not specified particularly, when it is used. In FIGS.
7A to 7C, 20 denotes a cathode-use charge collecting
cladding layer, and 41 denotes an anode-use valve met-
al foil. The same members as those of the first to fifth
embodiments will be denoted by the same reference nu-
merals, and the description of the same are omitted
herein.
[0101] The electrolytic capacitor of the present em-
bodiment has substantially the same configuration as
that of the electrolytic capacitor of the second embodi-
ment, except that the cathode-use charge collecting
cladding layer 20 is present, and that the molding ma-
terial 16 is provided on both sides where the electrode
lead part 41A is present so as to provide a multi-terminal
structure. By using Cu or Ni to form the cathode-use
charge collecting cladding layer 20, solderable elec-
trodes can be provided.
[0102] The following description will depict a configu-
ration of an electrolytic capacitor of the present embod-
iment, while depicting an embodiment of an electrolytic
capacitor producing method of the present invention.
[0103] First of all, for instance, an aluminum foil with
a purity of 99.99% is subjected to electrolytic etching in
an electrolytic solution mainly containing hydrochloric
acid, with an alternating current applied thereto, so that
the aluminum foil has rough surfaces. Thus, the anode-
use valve metal foil 41 is formed.
[0104] Then, the capacitor forming part 41B of the an-
ode-use valve metal foil 41 is pressed by a press ma-
chine having a predetermined press shape or the like,
so that rough surface layers of the same are pressed.
Herein, the pressing is carried out so that a ratio of a
thickness of the rough surface layer after the pressing
to a thickness of the same before the pressing prefera-
bly is not less than 0.5.
[0105] Subsequently, the anode-use valve metal foil
41 is subjected to anodic oxidation in a neutral electro-
lytic solution, so that the dielectric layer 12 having a cer-
tain breakdown voltage is formed on surfaces of the an-
ode-use valve metal foil 41.
[0106] Subsequently, Au particles with a particle di-
ameter of several ? m, used as the conductive particles
17, are placed on a lower surface of the electrode lead
part 41A of the anode-use valve metal foil 41, and the
electrode lead part 41A is pressed so that the Au parti-
cles are embedded therein. Through this process, the
conductive particles 17 are embedded by breaking the
dielectric layer 12 on the anode-use valve metal foil 41.
Therefore, this provides reduction and stabilization of
the connection resistance upon electric connection of
the electrode lead part 41A with circuit wiring. Herein, it
is necessary to carry out the pressing of the electrode
lead part 41A under a higher pressure than that for the

capacitor forming part 41B, to prevent the conductive
particles 17 from falling off. Furthermore, as to the
pressing of the capacitor forming part 41A, the pressing
preferably is carried out so that a ratio of a thickness of
the rough surface layer after the pressing to a thickness
of the same before the pressing preferably is not more
than 0.5, and more preferably, so that spaces in the
rough surface layer are crushed.
[0107] Next, a predetermined portion (portion except
for the capacitor forming part 41B) of the anode-use
valve metal foil 41 is masked with the molding material
16, and the solid electrolyte layer 13 made of polypyr-
role, polythiophene, polyaniline, etc. is formed by chem-
ical polymerization, or chemical polymerization and
electrolytic polymerization in combination, using a solu-
tion containing a dopant and respective monomers.
[0108] On the other hand, a cladding material com-
posed of a Cu or Ni foil (cathode-use charge collecting
cladding layer 20) and an aluminum foil in which the car-
bon particles 15 are embedded by pressing or the like
(cathode-use charge collecting layer 14) is used for col-
lecting charges on the cathode side. On one surface of
the cathode-use charge collecting layer 14, a conduc-
tive polymer layer made of polypyrrole, polythiophene,
polyaniline, etc. may be formed by electrolytic polymer-
ization using a solution containing a dopant and respec-
tive monomers. It should be noted that the cathode-use
charge collecting layer 14 can be composed of a carbon
layer and an Ag paste layer as conventionally. Further,
the method for bonding the cathode-use charge collect-
ing layer 14 and the solid electrolyte layer 13 is the same
as that in the first embodiment. Therefore, it is possible
to lower the ESR to a level as low as that of a multilay-
ered ceramic capacitor, as is in the first embodiment.
[0109] Subsequently, the whole except for portions
that are to function as an anode terminal and a cathode
terminal is sealed with the molding material 16. Herein,
it is sealed so that two anode terminals are obtained.
Finally, hygroscopic aging and drying are carried out,
whereby an electrolytic capacitor of the present embod-
iment is obtained.
[0110] The electrolytic capacitor of the present em-
bodiment has a reduced ESL, not only because of the
thinness of the anode-use valve metal foil 41 due to
compression and the provision of connection terminals
on both the upper and lower surfaces, but also because
the anode-use valve metal foil 41 functions as circuit wir-
ing in the case where the capacitor is built in a circuit
board since the capacitor has a three-terminal structure
having two anode terminals. Furthermore, the prior
compression of the anode-use valve metal foil 41 im-
proves the resistance of the capacitor against stress
when the capacitor is built in a circuit board. Therefore,
it is possible to provide an electrolytic capacitor that can
be built in a circuit board. Furthermore, by using the
electrolytic capacitor of the present embodiment, it is
possible to obtain an electrolytic capacitor-containing
circuit board that exhibits high densification and high
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performance.
[0111] It should be noted that in the electrolytic capac-
itor according to the present embodiment, the material
of the conductive particles 17 is not limited to Au, but it
may be any material as long as it has suitable conduc-
tivity. However, it preferably is selected from Au, Cu, Ni,
C, and the like that have low specific resistances and
are stable. Furthermore, the electrode lead part 41A in
the electrolytic capacitor according to the present em-
bodiment may be subjected to pressing without the con-
ductive particles 17 embedded therein, or it may be pro-
vided with a metal layer by plating after the pressing.

Seventh Embodiment

[0112] FIG. 8 is a cross-sectional view of an electro-
lytic capacitor of the present embodiment. In FIG. 8, 51
denotes an anode-use valve metal foil. 51A denotes an
electrode lead part. 51B denotes a capacitor forming
part. 52 denotes a dielectric layer. 53 denotes a solid
electrolyte layer. 54 denotes a carbon layer. 55 denotes
an Ag paste layer. (The carbon layer 54 and the Ag paste
layer 55 function as a cathode-use charge collecting lay-
er). 56 denotes a conductive particle.
[0113] The following description will depict a configu-
ration of an electrolytic capacitor of the present embod-
iment, while depicting an embodiment of an electrolytic
capacitor producing method of the present invention.
[0114] First of all, for instance, an aluminum foil with
a purity of 99.99% is subjected to electrolytic etching in
an electrolytic solution containing hydrochloric acid
mainly, with an alternating current applied thereto, so
that the aluminum foil has rough surfaces. Thus, the an-
ode-use valve metal foil 51 is formed.
[0115] Then, the anode-use valve metal foil 51 is sub-
jected to anodic oxidation in a neutral electrolytic solu-
tion, so that the dielectric layer 52 having a certain
breakdown voltage is formed on surfaces of the anode-
use valve metal foil 51.
[0116] Next, the solid electrolyte layer 53 made of a
conductive polymer such as polypyrrole, polythiophene,
polyaniline, etc. is formed on the dielectric layer 52 by
chemical polymerization, or chemical polymerization
and electrolytic polymerization in combination, using a
solution containing a dopant and respective monomers.
[0117] Subsequently, the capacitor forming part 51B
of the anode-use valve metal foil 51, which has been
roughened, is pressed by a plate press machine or a
roller press machine in the thickness direction, and
thereafter, it is subjected to anodic oxidation in an elec-
trolytic solution based on an organic solvent, whereby
the dielectric layer 52 is repaired.
[0118] Next, Au particles with a particle diameter of
several? m, used as the conductive particles 56, are
placed on the electrode lead part 51A of the anode-use
valve metal foil 51, and the electrode lead part 51A is
pressed by a plate press machine. Herein, the electrode
lead part 51A is pressed under a higher pressure than

that for the pressing of the capacitor forming part 51B.
[0119] Next, the carbon layer 54 is formed by dipping
in a carbon-dispersed solution, and after drying the Ag
paste layer 55 is formed in the same manner. As a result,
an electrolytic capacitor of the present invention is ob-
tained. Thereafter, the anode terminal and the cathode
terminal may be connected individually as required, and
further, the electrolytic capacitor except for portions that
are to function as electrode terminals may be sealed
with a molding material made of an epoxy resin or the
like containing an inorganic filler such as silica. Further-
more, subsequently, repair of defects of the dielectric
layer 12 and insulation of the solid electrolyte layer 13
may be carried out in an atmosphere of 80 %RH at 85?
C, with a predetermined voltage being applied.
[0120] Furthermore, in the electrolytic capacitor pro-
ducing process according the present embodiment, the
capacitor forming part 51B and the electrode lead part
51A of the anode-use valve metal foil 51 are pressed
independently. However, upon the pressing of the ca-
pacitor forming part 51B, the electrode lead part 51A
may by pressed simultaneously, and thereafter, placing
the conductive particles 56 on the electrode lead part
51A, the electrode lead part 51A may be pressed under
a higher pressure than that for the pressing of the ca-
pacitor forming part 51B.
[0121] The anode-use valve metal foil 51 preferably
is made of aluminum, but it is not limited to the same,
as long as it is composed of a foil of a valve metal such
as tantalum, niobium, etc. The roughening method also
may be another method, such as direct current etching.
[0122] Furthermore, a Cu foil, a Ni foil, and an alumi-
num foil, etc. in which carbon particles are embedded
for reducing interface resistances may be used as the
cathode-use charge collecting layer. Furthermore, as a
charge collecting layer, a cladding material composed
of a Cu foil or a Ni foil that is solderable and an aluminum
foil in which carbon particles are embedded may be
used.
[0123] It should be noted that the material of the con-
ductive particles 56 is not limited to Au, and it may be
any conductive material. However, it preferably is se-
lected from Au, Ag, Cu, Ni, C, etc., which are stable.
[0124] Since the anode-use valve metal foil 51 is com-
pressed beforehand, the electrolytic capacitor of the
present embodiment is made resistant to stress during
a laminating operation or a molding operation, or when
the electrolytic capacitor is built in a circuit board, and
is allowed to have stable connection resistances, there-
by having high reliability.
Furthermore, the electrolytic capacitor of the present
embodiment is thinned by pressing the anode-use valve
metal foil 51, thereby achieving an effect of reduction of
the ESL. Furthermore, by embedding the conductive
particles 56 in the electrode lead part 51A, the electro-
lytic capacitor also achieves an effect of reduction and
stabilization of connection resistances upon electric
connection with a circuit board.
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Eighth Embodiment

[0125] FIG. 9 is a cross-sectional view illustrating an
embodiment of an electrolytic capacitor-containing cir-
cuit board of the present invention. In FIG. 9, 61 denotes
an electrolytic capacitor shown in FIGS. 6A and 6B. 62
denotes a semiconductor chip. 63 denotes a circuit wire.
64 denotes an insulating material. 65 denotes a via hole.
66 denotes a bump.
[0126] The insulating material 64 preferably is made
of a composite material of inorganic particles and a ther-
mosetting resin, considering thermal expansion adjust-
ment and heat dissipation.
[0127] Furthermore, the built-in electrolytic capacitor
61 is not necessarily provided with conductive via holes
passing therethrough, and any one of the electrolytic ca-
pacitors of the present invention will suffice. Since the
electrolytic capacitor of the present invention has a re-
duced ESR and a reduced ESL and has been subjected
to compression in the producing process, it is resistant
to stress caused by lamination and pressing when the
capacitor is built in the board, and high reliability can be
obtained.
[0128] Furthermore, since the capacitor-containing
circuit board of the present invention is arranged so as
to contain the electrolytic capacitor 61, the electrolytic
capacitor 61 can be disposed directly below the semi-
conductor chip 62. Therefore, the circuit wiring can be
shortened, and hence, a circuit board or a power source
that can be driven at a high speed can be obtained. It
should be noted that in the case where the electrolytic
capacitor 61 is built in a board by pressing and lamina-
tion according to the method for producing the electro-
lytic capacitor-containing circuit board, the pressure up-
on the pressing and lamination should be lower than the
pressure applied to the anode-use valve metal foil inside
the electrolytic capacitor 61.
[0129] As described in conjunction with the above first
through eighth embodiments, the present invention pro-
vides an electrolytic capacitor with low ESL that is sub-
ject to reduced stress upon being built in a circuit board,
and hence, that can be built in a board. The present in-
vention further provides a circuit board containing an
electrolytic capacitor, which circuit board is capable of
high-frequency response and large-current driving.

Examples

[0130] The following description will depict the
present invention in more detail, referring to examples.

Example 1

[0131] An electrolytic capacitor according to the first
embodiment was produced.
[0132] An aluminum foil with a purity of 99.99% and
a thickness of 100 ? m, used as the anode-use valve
metal foil 11, was subjected to electrolytic etching in an

electrolytic solution containing hydrochloric acid mainly
at a concentration of 10 wt% at a liquid temperature of
35?C, with an alternating current applied thereto, so that
the aluminum foil had a rough surface. The rough sur-
face layer thus formed was 40 ? m thick.
[0133] Subsequently, the capacitor forming part 11B
of the anode-use valve metal foil 11 was pressed by a
plate press machine so that the rough surface layer
thereof was compressed to a compression level of 0.8.
[0134] Next, the electrode lead part 11A was pressed
by a plate press machine so that the rough surface layer
thereof was compressed to a compression level of 0.4.
[0135] Next, the anode-use valve metal foil 11 was
subjected to constant voltage forming at a forming volt-
age of 8 V in a 5 wt% ammonium adipate aqueous so-
lution at a liquid temperature of 60?C as an anodic oxi-
dation solution, so that the dielectric layer 12 was
formed on surfaces of the anode-use valve metal foil 11.
[0136] Subsequently, a periphery of the anode-use
valve metal foil 11 was masked so that a 5 mm square
portion where a capacitor part was to be formed (equiv-
alent to the capacitor forming part 11B) remained un-
masked. The mask was formed by applying a molding
material 16 made of an epoxy resin and curing the same.
[0137] Then, a solution containing a polythiophene
monomer, an iron-based oxidant, and a dopant was
dropped on a surface of the portion of the anode-use
valve metal foil 11 that was to be the capacitor part, so
that the solid electrolyte layer 13 was formed by chem-
ical polymerization.
[0138] Thereafter, anodic oxidation was carried out in
an organic-solvent-based electrolytic solution, so that
the dielectric layer 12 was repaired.
[0139] On the other hand, as the cathode-use charge
collecting layer 14, a Ni film having carbon particles 15
(acetylene black) embedded on one of surfaces thereof
by pressing was used.
[0140] Next, the periphery was cut off so as to obtain
a 10 mm square of the anode-use valve metal foil 11
including the 5 mm square capacitor part, on which the
solid electrolyte layer 13 was formed. A conductive so-
lution containing a conductive polymer was applied on
the solid electrolyte layer 13, and the cathode-use
charge collecting layer 14 was laminated thereon so that
the solid electrolyte layer 13 and the cathode-use
charge collecting layer 14 faced each other. Herein, a
pressure not greater than the pressure having applied
to the capacitor forming part 11B was applied, and the
cathode-use charge collecting layer 14 and the solid
electrolyte layer 13 were bonded with each other in the
compressed state in a nitrogen atmosphere.
[0141] Thereafter, the epoxy-base molding material
16 containing an inorganic filler in a sheet-like form was
applied to peripheral parts and cured, for sealing.
[0142] Next, the sealed piece was aged in an atmos-
phere at 80?C and 80%RH so as to take up moisture
while a constant voltage was applied thereto, and the
dielectric layer 12 was repaired again. After drying, an
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electrolytic capacitor was obtained. It should be noted
that a leak current value of the electrolytic capacitor of
the present example was 1 ? A or below even without
aging.
[0143] The electrolytic capacitor thus obtained was
approximately 250 ? m thick. An electrolytic capacitor
whose rough surface layer of the capacitor forming part
11B exhibited a compression level of 0.8 had a capaci-
tance of approximately 14.5 ? F at a frequency of 120
Hz, according to measurement of the frequency charac-
teristic with an LCR meter. An ESR of the same was
measured to be approximately 10 m? at a frequency of
100 kHz. From the relationship between the thickness
of the electrolytic capacitor and the ESL measured by
the resonance method, an ESL was determined to be
approximately 0.2 nH. Thus, an ESL value of 1 nH or
below, which was as low as that of a multilayered ce-
ramic capacitor, was obtained, and a reduced ESR was
obtained as well.
[0144] Furthermore, in the case where the foregoing
electrolytic capacitor was built in a circuit board having
an insulation layer made of a composite material, after
being subjected to pressing, the leak current was ap-
proximately 0.4 ? A. Thus, the condition thereof was ex-
cellent without any increase in the leak current.
[0145] Furthermore, the obtained circuit board ex-
celled in stabilization of the driving voltages of semicon-
ductor chips, as well as in absorption of high-frequency
noises. Furthermore, in the case where an anode-use
valve metal foil pressed under the same conditions as
those for the electrode lead part 11A was bonded with
circuit wiring with an Ag paste, a connection resistance
thereof was measured to be several tens m? .

Example 2

[0146] An electrolytic capacitor according to the sec-
ond embodiment was produced.
[0147] An aluminum foil with a purity of 99.99% and
a thickness of 100 ? m, used as the anode-use valve
metal foil 11, was subjected to electrolytic etching in an
electrolytic solution containing hydrochloric acid mainly
at a concentration of 10 wt% at a liquid temperature of
35?C, with an alternating current applied thereto, so that
the aluminum foil had a rough surface. The rough sur-
face layer thus formed was 40 ? m thick.
[0148] Subsequently, the capacitor forming part 11B
of the anode-use valve metal foil 11 was pressed by a
plate press machine so that the rough surface layer
thereof was compressed to a compression level of 0.5.
[0149] Next, the anode-use valve metal foil 11 was
subjected to constant voltage forming at a forming volt-
age of 8 V in a 5 wt% ammonium adipate aqueous so-
lution at a liquid temperature of 60?C as an anodic oxi-
dation solution, so that the dielectric layer 12 was
formed on surfaces of the anode-use valve metal foil 11.
[0150] Then, Au particles, used as conductive parti-
cles 17, were placed on the electrode lead part 11A, and

the electrode lead particle 11A was pressed also by a
plate press machine so that the rough surface layer
thereof was compressed to a compression level of 0.4.
[0151] Subsequently, a periphery of the anode-use
valve metal foil 11 was masked so that only a 5 mm
square portion where a capacitor part was to be formed
(equivalent to the capacitor forming part 11B) remained
unmasked. The mask was formed by applying a molding
material 16 made of an epoxy resin and curing the same.
[0152] Then, a solution containing a polythiophene
monomer, an iron-based oxidant, and a dopant was
dropped on a surface of the portion of the anode-use
valve metal foil 11 that was to be the capacitor part, so
that the solid electrolyte layer 13 was formed by chem-
ical polymerization.
[0153] Thereafter, anodic oxidation was carried out in
an organic-solvent-based electrolytic solution, so that
the dielectric layer 12 was repaired.
[0154] On the other hand, as the cathode-use charge
collecting layer 14, a Ni film having carbon particles 15
(acetylene black) embedded on one of surfaces thereof
by pressing was used.
[0155] Next, the periphery was cut off so as to obtain
a 10 mm square of the anode-use valve metal foil 11
including the 5 mm square capacitor part, on which the
solid electrolyte layer 13 was formed. A conductive so-
lution containing a conductive polymer was applied on
the solid electrolyte layer 13, and the cathode-use
charge collecting layer 14 was laminated thereon so that
the solid electrolyte layer 13 and the cathode-use
charge collecting layer 14 faced each other. Herein, a
pressure not greater than the pressure having applied
to the capacitor forming part 11B was applied, and the
cathode-use charge collecting layer 14 and the solid
electrolyte layer 13 were bonded with each other in the
compressed state in a nitrogen atmosphere.
[0156] Thereafter, the epoxy-base molding material
16 containing an inorganic filler in a sheet-like form was
applied to peripheral parts and cured, for sealing.
[0157] Next, the sealed piece was aged in an atmos-
phere at 80?C and 80%RH so as to take up moisture
while a constant voltage was applied thereto, and the
dielectric layer 12 was repaired again. After drying, an
electrolytic capacitor was obtained. It should be noted
that a leak current value of the electrolytic capacitor of
the present example was 1 ? A or below even without
aging.
[0158] The electrolytic capacitor thus obtained was
approximately 230 ? m thick. An electrolytic capacitor
whose rough surface layer of the capacitor forming part
11B exhibited a compression level of 0.5 had a capaci-
tance of approximately 13.0 ? F at a frequency of 120
Hz, according to measurement of the frequency charac-
teristic with an LCR meter. An ESR of the same was
measured to be approximately 5 m? at a frequency of
100 kHz. As illustrated in FIG. 10, an ESL was approx-
imately 0.19 nH. Thus, an ESL value of 1 nH or below,
which was as low as that of a multilayered ceramic ca-
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pacitor, was obtained, and a reduced ESR was obtained
as well.
[0159] Furthermore, in the case where the foregoing
electrolytic capacitor was built in a circuit board having
an insulation layer made of a composite material, after
being subjected to pressing, the leak current was ap-
proximately 0.6 ? A. Thus, the condition thereof was ex-
cellent without any increase in the leak current.
[0160] Furthermore, the obtained circuit board ex-
celled in stabilization of the driving voltages of semicon-
ductor chips, as well as in absorption of high-frequency
noises. Furthermore, in the case where an anode-use
valve metal foil pressed under the same conditions as
those for the electrode lead part 11A was bonded with
circuit wiring with an Ag paste, a connection resistance
thereof was measured to be several tens m? .
[0161] It should be noted that in the case where the
electrolytic capacitor was built in a circuit board having
an insulation layer made of a composite material, with
a pressure greater than that for the capacitor forming
part 11B having been applied thereto, the leak current
(upon application of 4V) was several ? A, which was
greater than the above.

Example 3

[0162] An electrolytic capacitor according to the fifth
embodiment was produced.
[0163] An aluminum foil with a purity of 99.99% and
a thickness of 100 ? m, used as the anode-use valve
metal foil 31, was subjected to electrolytic etching in an
electrolytic solution containing hydrochloric acid mainly
at a concentration of 10 wt% at a liquid temperature of
35?C, with an alternating current applied thereto, so that
the aluminum foil had a rough surface. The rough sur-
face layer thus formed was 40 ? m thick.
[0164] Subsequently, the capacitor forming part 31B
of the anode-use valve metal foil 31 was pressed by a
plate press machine so that the rough surface layer
thereof was compressed to a compression level of 0.8.
[0165] Next, the electrode lead part 31A was pressed
by a plate press machine so that the rough surface layer
thereof was compressed to a compression level of 0.4.
[0166] Next, the anode-use valve metal foil 31 was
subjected to constant voltage forming at a forming volt-
age of 8 V in a 5 wt% ammonium adipate aqueous so-
lution at a liquid temperature of 60?C as an anodic oxi-
dation solution, so that the dielectric layer 12 was
formed on surfaces of the anode-use valve metal foil 31.
[0167] Subsequently, a periphery of the anode-use
valve metal foil 31 was masked so that a 5 mm square
portion where a capacitor part was to be formed (equiv-
alent to the capacitor forming part 31B) remained un-
masked. The mask was formed by applying a molding
material 16 made of an epoxy resin and curing the same.
[0168] Then, a solution containing a polythiophene
monomer, an iron-based oxidant, and a dopant was
dropped on a surface of the portion of the anode-use

valve metal foil 31 that was to be the capacitor part, so
that the solid electrolyte layer 13 was formed by chem-
ical polymerization.
[0169] Thereafter, anodic oxidation was carried out in
an organic-solvent-based electrolytic solution, so that
the dielectric layer 12 was repaired.
[0170] On the other hand, as the cathode-use charge
collecting layer 14, a Ni film having carbon particles 15
(acetylene black) embedded on one of surfaces thereof
by pressing was used.
[0171] Next, the periphery was cut off so as to obtain
a 10 mm square of the anode-use valve metal foil 31
including the 5 mm square capacitor part, on which the
solid electrolyte layer 13 was formed. A conductive so-
lution containing a conductive polymer was applied on
the solid electrolyte layer 13, and the cathode-use
charge collecting layer 14 was laminated thereon so that
the solid electrolyte layer 13 and the cathode-use
charge collecting layer 14 faced each other. Herein, the
pressure applied was not greater than the pressure hav-
ing applied to the capacitor forming part 31B, and the
cathode-use charge collecting layer 14 and the solid
electrolyte layer 13 were bonded with each other in the
compressed state in a nitrogen atmosphere.
[0172] Thereafter, the epoxy-base molding material
16 containing an inorganic filler in a sheet-like form was
applied to peripheral parts and cured, for sealing.
[0173] Then, through holes necessary in the periph-
ery of the capacitor part were formed by metal punching
or the like, and the mask was removed from the through
hole portions. Then, the whole except for parts to func-
tion as an anode terminal and a cathode terminal was
sealed with the molding material 16, and thereafter, ad-
ditional through holes were bored in the previously-
formed through holes filled with the molding material 16,
in sizes such that the anode-use valve metal foil 31 was
not exposed, and a Cu paste was applied, so that the
conductive via holes 18 were formed.
[0174] Next, it was aged in an atmosphere at 80?C
and 80%RH so as to take up moisture while a constant
voltage was applied thereto, and the dielectric layer 12
was repaired again. After drying, an electrolytic capac-
itor was obtained. It should be noted that a leak current
value of the electrolytic capacitor of the present example
was 1 ? A or below even without aging.
[0175] The electrolytic capacitor thus obtained was
approximately 250? m thick. An electrolytic capacitor
whose rough surface layer of the capacitor forming part
31B exhibited a compression level of 0.8 had a capaci-
tance of approximately 14.5 ? F at a frequency of 120
Hz, according to measurement of the frequency charac-
teristic with an LCR meter. An ESR of the same was
measured to be approximately 10 m ? at a frequency of
100 kHz. An ESL was approximately 0.2 nH. Thus, an
ESL value of 1 nH or below, which was as low as that
of a multilayered ceramic capacitor, was obtained, and
a reduced ESR was obtained as well.
[0176] Furthermore, in the case where the foregoing
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electrolytic capacitor was built in a circuit board having
an insulation layer made of a composite material, after
being subjected to pressing, the capacitance did not ex-
hibit any change after that, and the leak current was ap-
proximately 0.4 ? A.
Thus, the condition thereof was excellent without any
increase in the leak current.
[0177] Furthermore, since the electrolytic capacitor of
the present example had conductive via holes 18, the
circuit board containing the electrolytic capacitor al-
lowed high-density wiring, excelled in stabilization of
driving voltages of semiconductor chips, as well as in
absorption of high-frequency noises. Besides, in the
case where via holes whose circumferences were plat-
ed by non-electrolytic Ni plating and that were filled with
a Cu paste were formed as the conductive via holes 18,
the same performance was provided.

Example 4

[0178] An electrolytic capacitor according to the sixth
embodiment was produced.
[0179] An aluminum foil with a purity of 99.99% and
a thickness of 100 ? m, used as the anode-use valve
metal foil 41, was subjected to electrolytic etching in an
electrolytic solution containing hydrochloric acid mainly
at a concentration of 10 wt% at a liquid temperature of
35?C, with an alternating current applied thereto, so that
the aluminum foil had a rough surface. The rough sur-
face layer thus formed was 40 ? m thick.
[0180] Subsequently, the capacitor forming part 41B
of the anode-use valve metal foil 41 was pressed by a
plate press machine so that the rough surface layer
thereof was compressed to a compression level of 0.5.
[0181] Next, the anode-use valve metal foil 41 was
subjected to constant voltage forming at a forming volt-
age of 8 V in a 5 wt% ammonium adipate aqueous so-
lution at a liquid temperature of 60?C as an anodic oxi-
dation solution, so that the dielectric layer 12 was
formed on surfaces of the anode-use valve metal foil 41.
[0182] Then, Au particles as conductive particles 17
were placed on the electrode lead part 41A, and the
electrode lead particle 41A was pressed also by a plate
press machine so that the rough surface layer thereof
was compressed to a compression level of 0.4.
[0183] Subsequently, a periphery of the anode-use
valve metal foil 41 was masked so that only a 5 mm
square portion where a capacitor part was to be formed
(equivalent to the capacitor forming part 41B) remained
unmasked. The mask was formed by applying a molding
material 16 made of an epoxy resin and curing the same.
[0184] Then, a solution containing a polythiophene
monomer, an iron-based oxidant, and a dopant was
dropped on a surface of the portion of the anode-use
valve metal foil 41 that was to be the capacitor part, so
that the solid electrolyte layer 13 was formed by chem-
ical polymerization.
[0185] Thereafter, anodic oxidation was carried out in

an organic-solvent-based electrolytic solution, so that
the dielectric layer 12 was repaired.
[0186] On the other hand, as the cathode-use charge
collecting layer 14, an aluminum film having carbon par-
ticles 15 (acetylene black) embedded on one of surfaces
thereof by pressing was used. As the cladding layer 20,
a Cu foil was used.
[0187] Next, the periphery was cut off so as to obtain
a 10 mm square of the anode-use valve metal foil 41
including the 5 mm square capacitor part, on which the
solid electrolyte layer 13 was formed. A conductive so-
lution containing a conductive polymer was applied on
the solid electrolyte layer 13, and the cathode-use
charge collecting layer 14 was laminated thereon so that
the solid electrolyte layer 13 and the cathode-use
charge collecting layer 14 faced each other. Herein, a
pressure not greater than the pressure applied to the
capacitor forming part 41B was applied, and the cath-
ode-use charge collecting layer 14 and the solid elec-
trolyte layer 13 were bonded with each other in the com-
pressed state in a nitrogen atmosphere.
[0188] Thereafter, the molding material 16 was ap-
plied except for two portions on the electrode lead part
41 (that are to function as anode terminals).
[0189] Next, the sealed piece was aged in an atmos-
phere at 80?C and 80%RH so as to take up moisture
while a constant voltage was applied thereto, and the
dielectric layer 12 was repaired again. After drying, an
electrolytic capacitor was obtained. It should be noted
that a leak current value of the electrolytic capacitor of
the present example was 1 ? A or below even without
aging.
[0190] The electrolytic capacitor thus obtained was
approximately 350? m thick. An electrolytic capacitor
whose rough surface layer of the capacitor forming part
41B exhibited a compression level of 0.5 had a capaci-
tance of approximately 13.0 ? F at a frequency of 120
Hz, according to measurement of the frequency charac-
teristic with an LCR meter. An ESR of the same was
measured by using one of the two portions of the elec-
trode lead part 41A as an anode terminal so that the
capacitor functioned as a two-terminal-structure capac-
itor, and it was determined to be approximately 5 m ? at
a frequency of 100 kHz. An ESL was approximately 0.25
nH. Thus, an ESR value as low as that of a multilayered
ceramic capacitor was obtained, and a reduced ESL
was obtained as well.
[0191] Furthermore, in the case where the foregoing
electrolytic capacitor was built in a circuit board having
an insulation layer made of a composite material, after
being subjected to pressing, the leak current was ap-
proximately 0.3 ? A. Thus, the condition thereof was ex-
cellent without any increase in the leak current.
[0192] Furthermore, since the electrolytic capacitor of
the present example had a three-terminal structure, the
ESL caused by an anode of the electrolytic capacitor in
the state of being built in a circuit board was ignorable.
Therefore, the circuit board containing the electrolytic
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capacitor excelled in stabilization of driving voltages of
semiconductor chips, as well as in absorption of high-
frequency noises.

Example 5

[0193] An electrolytic capacitor according to the sev-
enth embodiment was produced.
[0194] An aluminum foil with a purity of 99.99% and
a thickness of 100 ? m, used as the anode-use valve
metal foil 51, was subjected to electrolytic etching in an
electrolytic solution containing hydrochloric acid mainly
at a concentration of 10 wt% at a liquid temperature of
35?C, with an alternating current applied thereto, so that
both surfaces of the aluminum foil were subjected to
electrolytic etching and roughened. The rough surface
layer thus formed was 40 ? m thick.
[0195] Next, the anode-use valve metal foil 51 was cut
out and subjected to constant voltage forming at a form-
ing voltage of 8 V in a 5 wt% ammonium adipate aque-
ous solution at a liquid temperature of 60?C as an anod-
ic oxidation solution, so that the dielectric layer 52 was
formed on surfaces of the anode-use valve metal foil 51.
[0196] Subsequently, an effective portion of the an-
ode-use valve metal foil 51 where a capacitor part was
to be formed (equivalent to the capacitor forming part
51B) was defined so as to be 3.5 mm square in size. A
solution containing a polythiophene monomer, an iron-
based oxidant, and a dopant was dropped on the sur-
face portion to be a capacitor part, so that the solid elec-
trolyte layer 13 was formed thinly by chemical polymer-
ization. Thereafter, the solid electrolyte layer 13 was
formed sufficiently by electrolytic polymerization.
[0197] Subsequently, the capacitor forming part 51B
of the anode-use valve metal foil 51, whose surface had
been roughened, was pressed by a plate press machine
or a roller press machine, and thereafter, anodic oxida-
tion was carried out in an organic-solvent-based elec-
trolytic solution, so that the dielectric layer 12 was re-
paired. Then, Au particles, used as conductive particles
56, were placed on the electrode lead part 51A, and the
electrode lead particle 51A was pressed also by a plate
press machine.
[0198] Next, the carbon layer 54 and the Ag paste lay-
er 55 were formed on the solid electrolyte layer 53 by
dipping and heating.
[0199] The electrolytic capacitor thus obtained had a
capacitance of approximately 14 ? F at a frequency of
120 Hz, according to measurement of the frequency
characteristic with an LCR meter. An ESR of the same
was measured to be approximately 20 m ? at a frequen-
cy of 100 kHz. Thus, the lowering of the ESR was
achieved. The size was reduced for the absence of lead
frames as compared with a conventional capacitor.
Therefore, this allows the wiring to be shortened when
the electric capacitor is built in a circuit board, and the
circuit board provides excellent performance. The leak
current was approximately 0.6 ? A.

[0200] Furthermore, in the case where the foregoing
electrolytic capacitor of the present example that was
arranged so as to be connected electrically with circuit
wiring via the Ag paste layer 55 was built in a circuit
board having an insulation layer made of a composite
material, after being subjected to pressing, the leak cur-
rent (upon application of 4V) was approximately 0.6 ?
A, which was substantially equal to that before incorpo-
ration. It should be noted that the pressing was carried
out under a pressure smaller than that used for the
pressing of the capacitor forming part 51B. Furthermore,
the circuit board containing the electrolytic capacitor ex-
hibited only a small voltage drop due to resistances, and
excelled in high-frequency response and driving stabili-
zation at a low driving voltage.

Comparative Example

[0201] A conventional specialty polymer conductive
capacitor shown in FIG. 11 was produced.
[0202] An aluminum foil with a purity of 99.99% and
a thickness of 100 ? m, used as the anode-use alumi-
num foil 101, was subjected to electrolytic etching in an
electrolytic solution containing hydrochloric acid mainly
at a concentration of 10 wt% at a liquid temperature of
35?C, with an alternating current applied thereto, so that
both surfaces of the aluminum foil were subjected to
electrolytic etching and roughened. The rough surface
layer thus formed was 40 ? m thick.
[0203] Next, the anode-use aluminum foil 101 was cut
out and subjected to constant voltage forming at a form-
ing voltage of 8 V in a 5 wt% ammonium adipate aque-
ous solution at a liquid temperature of 60?C as an anod-
ic oxidation solution, so that the dielectric layer 102 was
formed on both the surfaces of the anode-use aluminum
foil 101.
[0204] Subsequently, an effective portion of the an-
ode-use aluminum foil 101 where a capacitor part was
to be formed was defined so as to be 3.5 mm square in
size. A solution containing a polythiophene monomer,
an iron-based oxidant, and a dopant was dropped on
the surface portion to be a capacitor part, so that the
conductive polymer layer 103 was formed thinly by
chemical polymerization. Thereafter, the conductive
polymer layer 103 was thickened sufficiently by electro-
lytic polymerization.
[0205] Subsequently, the carbon layer 104 and the Ag
paste layer 105 were formed on the conductive polymer
layer 103 by dipping and heating. After the lead frame
106 was welded to the aluminum foil and the lead frame
107 was bonded with an Ag paste, the molding resin
108 was molded by transfer molding.
[0206] Finally, it was aged in an atmosphere at 80?C
and 80%RH so as to take up moisture while a constant
voltage was applied thereto, and the dielectric layer 102
was repaired again. After drying, a conventional special-
ty polymer electrolytic capacitor was obtained.
[0207] The specialty polymer electrolytic capacitor
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had a capacitance of approximately 14 ? F at a frequen-
cy of 120 Hz, according to measurement of the frequen-
cy characteristic with an LCR meter. An ESR of the
same was measured to be approximately 20 m ? at a
frequency of 100 kHz, an ESL was approximately 3 nH,
and leak current was approximately 0.5 ? A.
[0208] Furthermore, in the case where the foregoing
conventional specialty polymer electrolytic capacitor
was built in a circuit board having an insulation layer
made of a composite material, after being subjected to
pressing, the leak current after incorporation (upon ap-
plication of 4V) was several hundreds ?A to several mA,
and many short circuits were observed.
[0209] Furthermore, in the case where a specialty pol-
ymer electrolytic capacitor in a state of not being molded
was built in a composite board in the same manner so
that the capacitor was connected electrically with circuit
wiring via the Ag paste layer 105, the leak current (upon
application of 4V) was several hundreds ? A or more,
and most suffered from short circuits. Furthermore, in
the case where the conventional surface-roughened an-
ode-use aluminum foil 101 used therein was connected
with circuit wiring via the Ag paste, a connection resist-
ance of the same was measured to be several ? to sev-
eral tens ? .
[0210] Thus, it was confirmed that, according to the
configurations of the electrolytic capacitors according to
Examples 1 to 5 and the method for producing the same,
the electrolytic capacitors not only were formed thinner
but also achieved an effect of reduction of the ESL, an
excellent stress-resistance effect that allows the incor-
poration in a circuit board, and an effect of the connec-
tion with a low resistance when it is built in a circuit
board, as compared with the conventional specialty pol-
ymer electrolytic capacitor. Furthermore, it was con-
firmed also that the circuit board containing the electro-
lytic capacitor according to the examples excelled in the
stabilization of driving voltages of semiconductor chips
and the absorption of high-frequency noises.

Claims

1. An electrolytic capacitor, comprising:

a valve metal element for an anode including a
capacitor forming part and an electrode lead
part;
a dielectric layer provided on a surface of the
valve metal element for anode;
a solid electrolyte layer provided on the dielec-
tric layer; and
a charge collecting element for a cathode pro-
vided on the solid electrolyte layer,

wherein, in the valve metal element for an an-
ode, the capacitor forming part and the electrode
lead part have a rough surface layer on surfaces

thereof, and are compressed in a thickness direc-
tion of the rough surface layer.

2. The electrolytic capacitor according to claim 1, fur-
ther comprising:

a conductive via hole bored entirely through in
a thickness direction, the conductive via hole
being provided in a region other than the ca-
pacitor forming part, and being insulated elec-
trically from the valve metal element for an an-
ode, the solid electrolyte layer, and the charge
collecting element for a cathode.

3. The electrolytic capacitor according to claim 1,
wherein a thickness index of the rough surface layer
in the capacitor forming part after compression is
not less than 0.5 and less than 1.0,

where the thickness index of the rough sur-
face layer after compression is a thickness of the
rough surface layer after compression in the case
where a thickness of the rough surface layer before
compression is assumed to be 1.

4. The electrolytic capacitor according to claim 1,
wherein a thickness index of the rough surface layer
in the electrode lead part after compression is not
more than 0.5,

where the thickness index of the rough sur-
face layer after compression is a thickness of the
rough surface layer after compression in the case
where a thickness of the rough surface layer before
compression is assumed to be 1.

5. The electrolytic capacitor according to claim 1,
wherein conductive particles are embedded in the
electrode lead part so that the conductive particles
are exposed on a surface of the electrode lead part.

6. The electrolytic capacitor according to claim 5,
wherein the conductive particles are selected from
the group consisting of Au particles, Ag particles,
Cu particles, Ni particles, and C particles.

7. The electrolytic capacitor according to claim 1,
wherein the charge collecting element for a cathode
is made of a metal foil in which carbon particles are
embedded so that the particles are exposed on a
surface of the metal foil.

8. The electrolytic capacitor according to claim 1,
wherein the charge collecting element for cathode
is a cladding material, the cladding material includ-
ing:

a metal foil in which carbon particles are em-
bedded so that the particles are exposed on a
surface of the metal foil; and
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a cladding layer.

9. The electrolytic capacitor according to claim 1,
wherein the capacitor forming part and the elec-
trode lead part are provided on a same plane of the
valve metal element for anode.

10. The electrolytic capacitor according to claim 1,
wherein:

the capacitor forming part is provided on a first
side of the valve metal element for an anode;
and
the electrode lead part is provided on a second
side of the valve metal element for an anode,
the second side being opposite to the first side.

11. The electrolytic capacitor according to claims 1,
wherein:

the valve metal element for an anode includes
a valve metal layer and a metal layer.

12. The electrolytic capacitor according to claim 11,
wherein the metal layer is made of Cu or Ni.

13. The electrolytic capacitor according to claim 1,
wherein a region other than a predetermined por-
tion of the electrode lead part and a predetermined
portion of the charge collecting element for cathode
is sealed with a molding material.

14. The electrolytic capacitor according to claim 13,
wherein at least one of the electrode lead part and
the charge collecting element for a cathode has a
plurality of portions not covered with the molding
material.

15. A method for producing the electrolytic capacitor
according to claim 1, the method comprising:

roughening at least a surface of a portion of the
valve metal element for an anode, the portion
being that to be the capacitor forming part; and
compressing the roughened surface portion of
the valve metal element for anode in the thick-
ness direction.

16. The method according to claim 15, wherein the
compressing step is carried out so that a thickness
index of the rough surface layer in the capacitor
forming part after compression is not less than 0.5
and less than 1.0,

where the thickness index of the rough sur-
face layer after compression is a thickness of the
rough surface layer after compression in the case
where a thickness of the rough surface layer before
compression is assumed to be 1.

17. The method according to claim 15, wherein the
compressing step is carried out so that a thickness
index of the rough surface layer in the electrode
lead part after compression is not more than 0.5,

where the thickness index of the rough sur-
face layer after compression is a thickness of the
rough surface layer after compression in the case
where a thickness of the rough surface layer before
compression is assumed to be 1.

18. The method according to claim 15, further compris-
ing the step of:

placing conductive particles on the electrode
lead part in a state in which the dielectric layer
is formed on a surface of the electrode lead
part, and compressing the electrode lead part
so that the conductive particles are embedded
in the electrode lead part.

19. The method according to claim 15, further compris-
ing the steps of:

forming the dielectric layer;
forming the solid electrolyte layer; and
repairing the dielectric layer,

wherein the roughening step, the dielectric
layer forming step, the solid electrolyte layer form-
ing step, the compressing step, and the dielectric
layer repairing step are carried out in the stated or-
der.

20. A circuit board comprising the electrolytic capacitor
according to claim 1.

21. The circuit board according to claim 20, wherein:

the electrolytic capacitor is embedded in an in-
sulation material having a wire layer; and
the electrode lead part of the valve metal ele-
ment for an anode and the charge collecting el-
ement for a cathode are connected individually
with the wire layer.

22. The circuit board according to claim 21, wherein the
insulation material is a composite material contain-
ing inorganic material particles and a thermosetting
resin.

23. A method for producing the electrolytic-capacitor-
containing circuit board according to claim 20, the
method comprising:

burying the electrolytic capacitor in the insula-
tion material in a non-cured state by pressing,

wherein a pressure in the burying step is
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smaller than a pressure applied to the capacitor
forming part of the valve metal element for an anode
of the electrolytic capacitor when it is compressed.
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