
;2345e3ec\\]|_|_LDc6zcTc DESCRIPTION  Solid Electrolytic Capacitor and Its
Manufacturing Method 5 Technical Field The present invention relates to a
solid electrolytic capacitor used in a variety of electronic equipment and
a manufacturing method thereof. Background Art 10 FIG. 30 is a perspective
view showing the structure of a prior art solid electrolytic capacitor and
FIG. 31 is a perspective view showing the structure of a solid electrolytic
capacitor element stack unit. In FIG. 30 and FIG. 31, capacitor element 50
is an anode body composed of aluminium foil, the aluminium being a valve
action metal, and divided into anode member 15 50A and cathode member 50B.
Further, cathode member 50B has a dielec tric oxide film layer, solid
electrolyte layer and cathode layer (none of these are shown in the
drawings) stacked on top of each other in layers on the sur face thereof in
succession. Capacitor element stack unit 51 is constructed as described
below: 20 lA) A conductive silver paste (not shown in drawings) is applied
onto cathode unit terminal 52 to join with cathode member 50B. 2A) Cathode
member 50B of another capacitor element is joined with cathode member 50B
by applying a conductive silver paste (not shown in the drawings) thereto.
25 3A) By repeating the steps 1 ) and 2) by a plurality of times, a plu
rality of capacitor elements 50 are stacked on top of each other in layers.
4A) Then, respective anode members 50A of the plurality of ca pacitor
elements 50 are integrally connected with anode unit terminal 53. By using
capacitor element stack unit 51 thus prepared, a solid 30 electrolytic
capacitor is constructed as follows: 5A) Cathode member 50B of capacitor
element stack unit 51 is joined onto cathode lead frame 54 via a conductive
silver paste (not shown   2 in the drawings). 6A) Another capacitor element
stack unit S I is stacked on cathode member 50B via a conductive silver
paste (not shown in the drawings). 7A) By repeating the steps 5) and 6) by
a plurality of times, a plu 5 rality of capacitor element stack units 51
are stacked on top of each other in 



piles. 8A) Respective anode members 50A of the plurality of capacitor
element stack units 51 are integrally connected with anode lead frame 55.
9A) The plurality of capacitor element stack units 51 are encapsu 10 lated
with an insulating packaging resin (not shown in the drawings) in such a
way as part of respective anode lead frame 55 and cathode lead frame 54 is
exposed on the outer surfaces of the insulating packaging resin. FIG. 32 is
a cross-sectional view of another prior art solid elec trolytic capacitor
structured differently from the one shown in FIG. 30. FIG. 15 33 is a
perspective view of a capacitor element used in the solid electrolytic
capacitor of FIG. 32, and FIG. 34 is a perspective view showing how a
plurality of the capacitor elements are stacked on top of each other in
layers on anode/cathode lead frames. In FIG. 32 to FIG. 34, capacitor
element 56 is an anode body 20 formed of aluminium foil (not shown in the
drawings), the aluminium being a valve action metal, and divided into anode
member 59 and cathode member 60 by providing resist part 58 after a
dielectric oxide film layer (not shown in the drawings) is formed on the
surface of the anode body. Further, a solid electrolyte layer and cathode
layer (none of these are shown in the drawings) 25 are stacked on top of
each other in layers on the surface of cathode member 60 in succession. A
capacitor element stack body of FIG. 34 is constructed as de scribed below:
1 B) A plurality of capacitor elements 56 are stacked on top of each 30
other in layers in such a way as having anode member 59 disposed on both
upper and bottom surfaces of anode lead frame 61 and also having cathode
member 60 disposed on both upper and bottom surfaces of cathode lead   3
frame 62. 2B) Respective anode members 59 are joined integrally with anode
lead frame 61 by resistance welding. 3B) Respective cathode members 60 are
connected integrally to 5 connecting member 62A provided on cathode lead
frame 62 on the side sur faces of capacitor element 56 extending in the
thickness direction thereof via a conductive silver paste (not shown in the
drawings). Additionally, connecting member 62A is formed by bending part of



a flat member of cathode lead frame 62 into a right angle. 10 By using the
capacitor element stack body of FIG. 34 thus prepared, the solid
electrolytic capacitor of FIG. 32 is constructed as fol lows: 1 C) The
capacitor element stack body is encapsulated with an in sulating packaging
resin 63 in such a way as part of respective anode lead 15 frame 61 and
cathode lead frame 62 is exposed on the outer surfaces of packaging resin
63. 2C) Anode lead frame 61 and cathode lead frame 62 exposed from
packaging resin 63 are respectively bent along the surface of packaging
resin 63. (This is not shown in the drawings.) 20 The solid electrolytic
capacitor shown in FIG. 30 is prepared by first producing capacitor element
stack unit 51 by stacking a plurality of capacitor elements 50 on top of
each other in layers and then by further stacking a plurality of capacitor
element stack units 51 on top of each other in piles. Accordingly, not only
a great variety of component parts are used but 25 also the assembly work
becomes complex, thereby ending up with a high cost product. As described
in above, by applying a conductive silver paste onto respective stack
surfaces of a plurality of capacitor elements 50, capacitor elements 50 are
connected with one another electrically to construct capaci 30 for element
stack unit 51. Furthermore, a plurality of capacitor element stack units 51
are stacked on top of each other in piles with a conductive sil ver paste
applied therebetween to connect electrically between capacitor   4 element
stack units 51. Finally, part of cathode lead frame 54 located on the
bottom of the stack of capacitor element stack units 51 forms a cathode
terminal for external connection, thereby making it difficult for
equivalent series resistance (referred to as ESR on occasions, hereafter)
characteristics to 5 be made closer to theoretical ones since the distance
of cathode lead tends to be long. The ESR characteristics of the setup as
described in above are demonstrated by a summation of the following
resistance values as shown in a schematic illustration of FIG. 35: 10 A)
Resistance R1 produced between the layers of capacitor element 50 that
constitute capacitor element stack unit 51. B) Resistance R2 produced
between the piles of capacitor element stack unit 51. Therefore, as the
number of layers of capacitor element SO and the 15 number of piles of
capacitor element stack unit 51 increase, an alienation between actual ESR
characteristics and theoretical ones is growing. Additionally, since there
exists a conductive silver paste between respective neighbouring capacitor
elements 50 and also between respective neighbouring capacitor element
stack units 51, the dimensions in the height 20 direction thereof become
large, thereby making it difficult for the end product of solid
electrolytic capacitor to be reduced in thickness. With the solid
electrolytic capacitor of FIG. 32, a plurality of anode members 59, each
provided to capacitor element 56, are integrally joined to anode lead frame
61 by resistance welding as described in above. How 25 ever, as FIG. 36
shows, dielectric oxide film layer 56B is formed on the sur face of
aluminium foil 56A in anode member 59. When anode member 59 is joined to
copper made anode lead frame 61 by resistance welding, dielectric oxide
film layer 56B having a high value in resistance makes it hard for the
welding currents to flow. As a result, only part of aluminium foil 56A is 



30 welded onto anode lead frame 61 or aluminium foil 56A is not welded onto
anode lead frame 61 at a11 in the bad case. Therefore, not only defective
capacitors due to insufficient welding strength are produced but also an in
5 crease or a wide range of variation in equivalent series resistance may
be caused. In order to solve the foregoing problems, an increase of welding
currents or the adoption of laser welding is well worth considering. How 5
ever, such countermeasures as above may cause new problems as follows:
Molten aluminium foil 56A may extend to such places as cut sec tions of
anode member 59 and the like, where aluminium foil 56A is ex posed, or may
be splashed to impair an outward appearance. The thickness of packaging
resin 63 is reduced by a comparable amount of molten alumin 10 ium foil
56A, thereby causing such problems as a reduction in hermeticity. A short
circuit occurs, and the like. On the other hand, since the thickness of
anode member 59 is less than the thickness of cathode member 60, a gap is
created between neigh bouring anode members 59 when capacitor elements 56
are stacked on top of 15 each other in layers. When respective anode
members 59 are integrally joined onto anode lead frame 61 by resistance
welding, a pressing force is applied via welding electrode 64 to crush the
aforementioned gap. At this time, anode member 59 is bent and the extent of
bending of anode member 59 is more pronounced as the distance of anode
member 59 from anode lead 20 frame 61 increases. Therefore, an excessive
deformation of anode member 59 due to the bending results in cracks created
in part of dielectric oxide film layer 56B or sometimes in a breakage
thereof, thus causing a leakage current (LC) failure. 25 Summary of the
Invention With a solid electrolytic capacitor of the present invention, an
an ode lead frame is connected to anode members of a capacitor element
stack body which is formed by stacking a plurality of capacitor elements on
top of each other in layers while a cathode lead frame has a connecting
member to 30 connect integrally with cathode members of the capacitor
element stack body on the side surface thereof extending in the thickness
direction of the ca pacitor element, thereby allowing a reduction in
component count and en   6 



hancement of productivity in assembly work to be realised with a simplified
structure. Moreover, since a cathode is taken from the side surface of the
cathode member of the capacitor element, the distance of a cathode lead is
shortened, resulting in a remarkable improvement in equivalent series resis
5 tance characteristics. Furthermore, no conductive silver paste is
disposed between neighbouring stack layers, thereby allowing the thickness
of the capacitor to be reduced. Further, with the solid electrolytic
capacitor of the present invention, capacitor elements, each anode member
of which has a through hole, 10 are stacked on top of each other in layers
and an anode lead frame is connected with stacked capacitor elements.
Accordingly, when a plurality of anode members are joined onto the anode
lead frame via the through hole provided on the anode member of each
respective capacitor element, a stabilised welding work is allowed to be
conducted without such problems as 15 splashing of molten aluminium foil
and the like. Also, an excellent joining strength, enhanced reliability and
a remarkable improvement in equivalent series resistance are achieved.
Brief Description of Drawings 20 FIG. 1 is a cross-sectional view showing
the structure of a solid electrolytic capacitor in exemplary embodiment 1
of the present invention. FIG. 2 is a perspective view showing how a
plurality of capacitor elements are disposed on an anode lead frame and
cathode lead frame in exemplary embodiment 1 of the present invention. 25
FIG. 3 is a schematic circuit diagram for describing an improvement of ESR
characteristics in exemplary embodiment 1 of the present invention. FIG. 4
is a cross-sectional view showing the structure of a solid electrolytic
capacitor in exemplary embodiment 2 of the present invention. 30 FIG. 5 is
a perspective view showing how a plurality of capacitor elements are
disposed on an anode lead frame and cathode lead frame in exemplary
embodiment 2 of the present invention.    FIG. 6 is a cross-sectional view
showing the structure of a solid electrolytic capacitor in exemplary
embodiment 3 of the present invention. FIG. 7 is a perspective view showing
how a plurality of capacitor elements are disposed on an anode lead frame
and cathode lead frame in ex 5 emplary embodiment 3 of the present
invention. FIG. 8 is a cross-sectional view showing the structure of a
solid electrolytic capacitor in exemplary embodiment 4 of the present
invention. FIG. 9 is a perspective view showing how a plurality of
capacitor elements are disposed on an anode lead frame and cathode lead
frame in ex 10 emplary embodiment 4 of the present invention. FIG. 10 is a
perspective view showing the structure of a solid electrolytic capacitor in
exemplary embodiment 5 of the present invention. FIG. 11 is a perspective
view showing the structure of a solid electrolytic capacitor in exemplary
embodiment 6 of the present invention. 15 FIG. 12 is a perspective view
showing the structure of a solid electrolytic capacitor in exemplary
embodiment 7 of the present invention. FIG. 13 is a cross-sectional view
showing the structure of a solid electrolytic capacitor in exemplary
embodiment 8 of the present invention. FIG. 14 is a perspective view
showing how a plurality of capacitor 20 elements are disposed on an anode
lead frame and cathode lead frame in ex emplary embodiment 8 of the present
invention. 



FIG. 15 is a cross-sectional view showing the structure of a solid
electrolytic capacitor in exemplary embodiment 9 of the present invention.
FIG. 16 is a perspective view of a capacitor element used in the 25 solid
electrolytic capacitor in exemplary embodiment 9 of the present inven tion.
FIG. 17 is a perspective view of an anode lead frame and a cathode lead
frame used in the solid electrolytic capacitor in exemplary embodiment 9 of
the present invention. 30 FIG. 18 is a perspective view showing how a
plurality of capacitor elements are stacked on top of each other in layers
and mounted on an anode lead frame and a cathode lead frame in exemplary
embodiment 9 of the pres   8 ent invention. FIG. 19 is a cross-sectional
view showing how an anode member is joined to the anode lead frame in
exemplary embodiment 9 of the present in vention. 5 FIG. 20A is a
perspective view of another example of through hole provided on an anode
member in exemplary embodiment 9 of the present in vention. FIG. 20B is a
perspective view of still another example of through hole provided on the
anode member in exemplary embodiment 9 of the pres 10 ent invention. FIG.
21 is a cross-sectional view showing the structure of a solid electrolytic
capacitor in exemplary embodiment 10 of the present invention. FIG. 22 is a
perspective view of a spacer joined to a capacitor ele ment in exemplary
embodiment 10 of the present invention. 15 FIG. 23 is a perspective view
showing the structure of a solid electrolytic capacitor in exemplary
embodiment 11 of the present invention. FIG. 24 is a perspective view
showing the structure of a solid electrolytic capacitor in exemplary
embodiment 12 of the present invention. FIG. 25 is a cross-sectional view
showing the structure of a solid 20 electrolytic capacitor in exemplary
embodiment 13 of the present invention. FIG. 26A is a perspective view of a
spacer used in the solid elec 



trolytic capacitor in exemplary embodiment 13. FIG. 26B is a perspective
view of another spacer used in the solid electrolytic capacitor in
exemplary embodiment 13. 25 FIG. 26C is a perspective view of still another
spacer used in the solid electrolytic capacitor in exemplary embodiment 13.
FIG. 27 is a cross-sectional view showing the structure of a solid
electrolytic capacitor in exemplary embodiment 14 of the present invention.
FIG. 28 is a cross-sectional view showing the structure of a solid 30
electrolytic capacitor in exemplary embodiment 15 of the present invention.
FIG. 29 is a perspective view of a capacitor element used in the solid
electrolytic capacitor in exemplary embodiment 15 of the present in   9
vention. FIG. 30 is a perspective view showing the structure of a prior art
solid electrolytic capacitor. FIG. 31 is a perspective view showing the
structure of a prior art 5 capacitor element stack unit. FIG. 32 is a
cross-sectional view showing the structure of another prior art solid
electrolytic capacitor. FIG. 33 is a perspective view of a capacitor
element used in an other prior art solid electrolytic capacitor. 10 FIG. 34
is a perspective view showing how a plurality of capacitor elements are
stacked on top of each other in layers and mounted on an anode lead frame
and a cathode lead frame in another prior art solid electrolytic capacitor.
FIG. 35 is a schematic illustration for describing ESR characteris 15 tics
of another prior art solid electrolytic capacitor. FIG. 36 is a
cross-sectional view showing how an anode member is joined to an anode lead
frame in another prior art solid electrolytic capacitor. Best Mode for
Carrying Out the Invention 20 Next, a description is given to various
exemplary embodiments of the present invention with reference to drawings.
With respect to a descrip tion made on objects structured in a manner
similar to one another, the same 



reference symbols are used in common. 25 (Exemplary Embodiment I ) A
description is made on exemplary embodiment 1 with reference to FIG. 1 and
FIG. 2 mainly. Capacitor element (referred to as "element" on occasions,
hereaf ter) 1 is an anode body composed of foil of aluminium, which is a
valve ac 30 tion metal, and divided into anode member lA and cathode member
1B. On the surface of cathode member 1 B are formed by stacking in
succession a dielectric oxide film layer, solid electrolyte layer and
cathode layer (none of   10 these are shown in the drawings). Capacitor
element stack body 2 (referred to generally as "stack body", hereafter) is
formed by stacking a plurality of elements 1 on top of each other in layers
and anode lead frame 3 and cathode lead frame 4 are 5 connected thereto. A
detailed description is given to the foregoing structure as follows: A
plurality of anode members 1 A of element 1 are stacked on top of each
other in layers and then disposed on both upper and bottom surfaces of
anode lead frame 3, respectively. Similarly, a plurality of cathode mem 10
bers 1 B of element 1 are stacked on top of each other in layers and then
dis posed on both upper and bottom surfaces of cathode lead frame 4,
respectively. Then, respective anode members 1 A are joined integrally to
anode lead frame 3 by laser welding. On the other hand, respective cathode
members 1 B are connected integrally with connecting member 4B via a
conduct 15 ing silver paste (not shown in the drawings). Connecting member
4B is prepared by bending into a right angle in advance part of each
respective end of flat member 4A along the side surface extending in the
thickness direction of capacitor element 1. Stack body 2 thus structured is
encapsulated with insulating pack 20 aging resin 5 in such a way as part of
respective anode lead frame 3 and cathode lead frame 4 of stack body 2 is
exposed to the outer surface of encapsulated stack body 2, thereby allowing
a solid electrolytic capacitor (referred to generally as "SEC", hereafter)
in exemplary embodiment 1 of the present invention to be realised. 25 The
SEC in exemplary embodiment 1 of the present invention is actually produced
as follows: A hoop, on which anode lead frames 3 and cathode lead frames 4
are formed continuously at predetermined intervals as FIG. 2 shows, is used
and anode member 1 A of element 1 is disposed on anode lead frame 3. On 30
the other hand, cathode member 1 B of element 1 is disposed on cathode lead
frame 4 and the side surface of cathode member 1B is joined to connecting
member 4B via a conductive silver paste (not shown in the drawings).   11
Similarly, while elements 1 are stacked on top of each other in layers in
succession on the upper surface of the hoop at a predetermined position
thereof, the side surface of each respective cathode member 1B is joined to
connecting member 4B. Then, similar steps are performed by reversing the
rota 5 tional direction of the hoop, thereby carrying out assembly work of
stack body 2 that has a plurality of elements 1 stacked on top of each
other in layers on both surfaces of the hoop, respectively. The
manufacturing method of the SEC in exemplary embodiment 1 of the present
invention does not require such complicated steps as first pre 10 paring a
capacitor element stack unit by stacking a plurality of capacitor elements
on top of each other in layers and then stacking a plurality of the
capacitor element stack units on top of each other in piles, thereby
producing an SEC. Accordingly, the workability of assembly work is improved
due to a reduction in component count and also in assembly steps, resulting
in re15 alisation of a low cost product. Applying a conductive silver paste
to the side surface of a plurality of cathode members 1 B, each
constituting stack body 2 and the side surface extending in the thickness
direction of element 1, allows respective cathode members 1 B to be
electrically connected with one another. One end of con 20 netting member
4B of cathode lead frame 4 connected to the side surface of cathode member
1 B serves as a cathode terminal for external connection. According to the
structure as described in above, the distance of cathode lead is made the
shortest possible and the equivalent series resistance (ESR)
characteristics of the SEC thus realised are close to the ones of 25 an
ideal capacitor and rated as extremely excellent. 



In this case, the ESR characteristics are improved by the following
factors: As the schematic circuit diagram of FIG. 3 shows, applying a
conductive silver paste to the side surface extending in the thickness
direction of 30 cathode member 1 B of element 1 that constitutes each
respective stack body 2 results in connecting integrally and electrically a
plurality of elements 1 with one another, thereby allowing no resistance to
be produced between   12 stack layers of element 1. Further, a conductive
silver paste is applied to the side surface of each respective cathode
member 1 B of stack body 2 to con nect integrally and electrically with one
another, thereby achieving connec tions of a plurality of stack bodies 2
without creating any resistance between 5 stack bodies 2. An SEC of 6.3 V,
100 ~F is prepared in accordance with exemplary embodiment 1 of the present
invention and ESR characteristics thereof are measured. Table 1 shows the
measurement results in comparison with the data on a prior art capacitor.
Also, a prior art solid electrolytic capacitor of 10 4 V, 56 ~F with a
conductive silver paste applied to the side surface of the cathode member
thereof is prepared and ESR characteristics are measured. Table 2 shows the
measurement results in comparison with the data on an ordinary prior art
capacitor. The capacitors are prepared in quantities of 30 for each. 15
Table 1Average Value (mS2)Standard Deviation(mS2)Prior Art Ca
acitor10.72.1Capacitor of Exemplary Embodiment 1 7.4 0.8 Table 2Average
Value (mS2)Standard Deviation(mSZ)Prior Art Ca acitor13.42.6Capacitor with
Silver Paste A lied 9.1 0.6 20 By applying a conductive paste to the side
surface of each respec 



tive cathode member 1 B, electrical connections are improved and further
the electrical connections are made more reliable as a result of mounting
on cathode lead frame 4. The solid electrolytic capacitor of the present
invention does not 25 require a conductive silver paste to be applied
between capacitor elements 1   13 although the conductive silver paste was
required between capacitor elements in the case of the prior art solid
electrolytic capacitor, thereby allowing the dimension of the SEC in the
height direction to be reduced with a resulting reduction in thickness of
the SEC. 5 (Exemplary Embodiment 2) An SEC in exemplary embodiment 2 is
similar to the SEC in ex emplary embodiment 1 except that the
configurations of anode and cathode lead frames are made different from the
ones of the SEC in exemplary em 10 bodiment 1. A description is given to
the aforementioned differences only with reference to FIG. 4 and FIG. 5. A
plurality of anode members lA of respective elements 1 are stacked on top
of each other in layers and disposed on one surface of anode lead frame 6.
On the other hand, a plurality of cathode members 1 B are 15 stacked on top
of each other in layers and disposed on the upper and bottom surfaces of
cathode lead frame 7, respectively. Each respective anode member lA is
joined integrally to anode lead frame 6 by laser welding. Respective
cathode members 1 B are connected integral ly to connecting member 7B
provided on cathode lead frame 7 on the side of cathode members 1 B, which
20 extends in the thickness direction of element 1, via a conductive silver
paste (not shown in the drawings). Connecting member 7B is prepared by
bending in advance part of each respective end of flat member 7A of cathode
lead frame 7B into a right angle. Also, a step-like difference in level,
which equals to the thickness of element 1 stacked in height, is formed on
flat 25 member 7A at the position opposite to anode member 1 A. The SEC
thus structured according to exemplary embodiment 2 of the present
invention demonstrates the advantages similar to the ones of the SEC in
exemplary embodiment 1. Only difference from the SEC in exem plary
embodiment 1 is in a change of the positions of anode lead frame 6 and 30
cathode lead frame 7 that also serve as external terminals. This much flexi
bility of design is well within the effectiveness of the present invention.
14 (Exemplary Embodiment 3) An SEC in exemplary embodiment 3 is similar to
the SEC in ex 



emplary embodiment 1 except that the configuration of cathode lead frame is
made different from the one of the SEC in exemplary embodiment 1. A de 5
scription is given to the aforementioned difference only with reference to
FIG. 6 and FIG. 7. Cathode lead frame 8 has connecting member 8A and
holding member 8B that are formed by bending part of cathode lead frame 8,
respec tively. 10 Connecting member 8A is located on stack body 2 at the
side op posite to anode member 1 A. Each respective cathode member 1 B of
element 1 is connected integrally to connecting member 8A on the side
surface extending in the thickness direction of element 1 via conductive
silver paste 9. Holding member 8B holds stack body 2 on the upper and
bottom surfaces 15 thereof. The SEC thus structured according to exemplary
embodiment 3 of the present invention demonstrates the performance closer
to that of an ideal capacitor than the performance of the SEC in exemplary
embodiment 1 of the present invention since the distance of cathode lead is
made the shortest 20 possible. An SEC of 6.3 V, 100 ~.F is prepared in
quantities of 30 according to exemplary embodiment 3 of the present
invention and ESR characteristics thereof are measured. Table 3 shows the
measurement results in comparison with the data on a prior art capacitor.
25 Table 3 AverageStandardValue (mS2)Deviation(mS2)Prior Art Ca
acitor10.72.1Capacitor of ExemplaryEmbodiment 36.90.4 (Exemplary Embodiment
4) An SEC in exemplary embodiment 4 is similar to the SEC in ex   15
emplary embodiment 2 except that the configuration of cathode lead frame is
made different from the one of the SEC in exemplary embodiment 2. A
description is given to the aforementioned difference only with reference
to FIG. 8 and FIG. 9. 5 Cathode lead frame 10 has connecting members 10A
and 10B and holding member 10C that are formed by bending part of cathode
lead frame 10, respectively. Connecting member 10A is located on stack body
2 at the side opposite to anode member 1 A. Each respective cathode member
1 B of element 10 1 is connected integrally to connecting member 10A on the
side surface extending in the thickness direction of element 1 via
conductive silver paste 9. Connecting member 10B is placed between stack
layers of stack body 2 for connection. Holding member 10C holds stack body
2 on the upper and bottom surfaces thereof. 15 The SEC thus structured
according to exemplary embodiment 4 of the present invention demonstrates
enhanced reliability in connection because connecting member 10B is placed
between stack layers of stack body 2 for connection in addition to
demonstrating the advantages realised in exemplary embodiment 3 of the
present invention. 20 (Exemplary Embodiment 5) An SEC in exemplary
embodiment 5 is similar to the SEC in exemplary embodiment 2 except that
the configuration of cathode lead frame is made different from the one of
the SEC in exemplary embodiment 2. How 



25 ever, the connections at the anode side are actually performed according
to a method similar to the method employed in preparing the prior art
capacitor element stack unit as FIG. 31 shows. Since the important point
made here by the present invention is in the configuration of cathode lead
frame, a description is given to the aforementioned difference in the
configuration of 30 cathode lead frame only with reference to FIG. 10. A
detailed description of the connections at the anode side is omitted.
Cathode lead frame 11 has two kinds of structural member as fol-   16 lows:
5-1. A flat member (not shown in the drawing), on which cathode member 1 B
of stack body 2 is disposed. 5-2. A pair of connecting members 11 A formed
by bending both 5 ends of the aforementioned flat member upward to connect
integrally with cathode member 1 B of stack body 2 on the side surface
extending in the thickness direction of element 1. In other words, in FIG.
5 as used in describing the SEC in exem plary embodiment 2 of the present
invention, there is provided step-like dif 10 ference in level, which
equals to the thickness of element 1 stacked in height, on flat member 7A
at the place where connecting member 7B is not located. But there is
provided no step-like difference in level in exemplary embodiment 5 of the
present invention. Connecting member 11 A is provided only on one side of
the flat member unlike connecting member 4B, which is 15 formed by bending
both upward and downward. The SEC thus structured according to exemplary
embodiment 5 of the present invention demonstrates improved workability
because elements 1 are stacked on one side of the flat member in addition
to the advantages demonstrated in exemplary embodiment 2 of the present
invention. 20 (Exemplary Embodiment 6) An SEC in exemplary embodiment 6 is
similar to the SEC in ex emplary embodiment 5 except that the configuration
of cathode lead frame is made different from the one of the SEC in
exemplary embodiment 5. A de 25 scription is given to the aforementioned
difference only with reference to FIG. 11. Cathode lead frame 12 has three
kinds of structural member as follows: 6-1. A flat member (not shown in the
drawing), on which cathode 30 member 1 B of stack body 2 is disposed. 6-2.
Connecting member 12A formed by bending part of the 



aforementioned flat member upward, the part being located at the side oppo
17 site to anode member 1 A of stack body 2, to connect integrally with
cathode member 1 B of stack body 2 on the side surface extending in the
thickness direction of element 1. 6-3. A pair of guiding members 12B formed
by bending both ends 5 of the flat member upward so as to make respective
guiding members 12B face opposite to each other. Guiding member 12B acts as
means for deter mining the position of stack body 2. The SEC thus
structured according to exemplary embodiment 6 of the present invention
demonstrates improved ESR characteristics because 10 connecting points of
cathode member 1 B are increased in number in com parison with the SEC in
exemplary embodiment 2 of the present invention and the resistance involved
with cathode member 1 B declines. (Exemplary Embodiment 7) 15 An SEC in
exemplary embodiment 7 is similar to the SEC in ex emplary embodiment 5
except that the configuration of anode lead frame is made different from
the one of the SEC in exemplary embodiment 5. A description is given to the
aforementioned difference only with reference to FIG. 12. 20 Connecting
member 13A provided on cathode lead frame 13 is made long enough to cover
the entire side surface of cathode member 1 B of stack body 2 for
connection. The SEC thus structured according to exemplary embodiment 7 of
the present invention demonstrates improved ESR characteristics because 25
connecting points of cathode member 1 B are further increased in number in
comparison with the SEC in exemplary embodiment 6 of the present inven tion
and the resistance involved with cathode member 1 B declines further.
(Exemplary Embodiment 8) 30 An SEC in exemplary embodiment 8 is similar to
the SEC in ex emplary embodiment 2 except that the configurations of anode
and cathode lead frames are made different from the ones of the SEC in
exemplary em   18 bodiment 2. A description is given to the aforementioned
differences only 



with reference to FIG. 13 and FIG. 14. Cathode lead frame 14 has three
kinds of structural member as follows: 5 8-1. Flat member 14A, on which
cathode member 1B of stack body 2 is disposed. 8-2. Connecting member 14B
formed by bending part of flat mem ber 14A upward, the part being located
at the side opposite to anode member 1 A of stack body 2, to connect
integrally with cathode member 1 B of stack 10 body 2 on the side surface
extending in the thickness direction of element 1. 8-3. A pair of guiding
members 14C formed by bending both ends of connecting member 14B upward to
guide cathode member 1 B of stack body 2. On the other hand, on anode lead
frame 15 are similarly provided 15 flat member 15A, connecting member 15B
to connect anode member lA of stack body 2 and guiding member 15C to guide
anode member lA of stack body 2. The SEC thus structured according to
exemplary embodiment 8 of the present invention demonstrates enhanced stack
accuracy because of the 20 use of guiding members 14C and 15C in addition
to the similar advantages demonstrated in exemplary embodiment 2 of the
present invention. Although the advantages described in above are
demonstrated just by having any one of cathode lead frame 14 and anode lead
frame 15 pro vided with the guiding member, it is preferred to have both
the cathode and 25 anode lead frames provided with the guiding member.
(Exemplary Embodiment 9) In FIG. 15 to FIG. 19, element 17 has the surface
of an anode body made of aluminium foil 17A, in which aluminium is a valve
action metal, 30 deposited with dielectric oxide film layer 17B and then
divided into anode member 19 and cathode member 20 by providing resist 18
in place. On the surface of cathode member 20 are formed by stacking a
solid electrolyte   19 layer and cathode layer (both not shown in the
drawings) in succession. Further, through hole 21 is formed in anode member
19. An SEC in exemplary embodiment 9 of the present invention is structured
as follows: 



5 9-1. A plurality of anode members 19 of element 17 are stacked on top of
each other in layers on both upper and bottom surfaces of anode lead frame
22 and a plurality of cathode members 20 of element 17 are stacked
similarly on both upper and bottom surfaces of cathode lead frame 23,
respectively. 10 9-2. Respective anode members 19 are joined integrally to
anode lead frame 22 via through hole 21 provided on anode member 19 by
resistance welding. 9-3. Respective cathode members 20 are connected
integrally to connecting member 23A provided on cathode lead frame 23 on
the side sur 15 face extending in the thickness direction of element 17 via
a conductive silver paste (not shown in the drawings). Connecting member
23A is formed by bending part of a flat member of cathode lead frame 23
upward. A stack body thus structured is encapsulated by insulating pack20
aging resin 24 so as to have part of each respective anode lead frame 22
and cathode lead frame 23 exposed to the outer surface of packaging resin
24. Anode lead frame 22 and cathode lead frame 23 exposed from packaging
resin 24 are bent along the surface (not shown in the drawings) of
packaging resin 24, thereby realising a surface mount type solid
electrolytic capacitor. 25 As FIG. 19 shows in detail, the SEC in exemplary
embodiment 9 has anode member 19 joined to anode lead frame 22 by
resistance welding via through hole 21 provided on anode member 19 by means
of resistance welding electrode 25. At this time, molten aluminium foil 17A
is concentrated inside through hole 21 since aluminium foil 17A is exposed
directly 30 on the inner walls of through hole 21 without dielectric oxide
film layer 17B covering the surfaces thereof. Therefore, the resistance
welding is allowed to be performed with exceptional ease and reliability.
20 As a result, not only the workability and reliability of welding are
stabilised but also no occurrences at a11 of deteriorated hermeticity,
short circuiting and the like are observed since molten aluminium foil 17A
is pre vented completely from being released outside. 5 The SEC in
exemplary embodiment 9 is prepared by stacking four of element 17 on top of
each other in layers and ESR characteristics are measured. Table 4 shows
the measurement results in comparison with a prior art SEC. The SEC is
prepared with the ratings of 6.3 V in withstand voltage and 47 pF in
capacitance and in quantities of 30 each. The meas 10 urement is conducted
under the conditions of 100 kHz and 20 C. Table 4
AverageMinimumMaximumStandardValue (mS2Value (mS2)Value (mS2Deviation
mS2)Prior Art18.69.835.74.17SEC inExemplary11.59.3l3.20.78Embodiment 9 As
Table 4 clearly shows, the SEC in exemplary embodiment 9 has 15 a small
variation and a low average value in ESR characteristics. This fact
indicates that the welding between anode member 19 and anode lead frame 22
is performed in an extremely excellent manner and also with stability. FIG.
20A and FIG. 20B show different examples of through hole 21 provided on
anode member 19. In these examples, a plurality of circular 20 through
holes 21 A are provided on anode member 19 and elongated circular through
hole 21 B is provided on anode member 19, thereby expanding the area of
welding. Configurations of these through holes are to be determined 



appropriately in accordance with the shape, dimensions and the like of
anode member 19. 25 (Exemplary Embodiment 10) An SEC in exemplary
embodiment 10 is similar to the SEC in ex emplary embodiment 9 except that
a spacer is disposed between respective   21 anode members. A description
is given to the aforementioned difference only with reference to FIG. 21
and FIG. 22. Spacer 26 is formed to have almost the same size as anode
member 19 of element 17 and joined to anode member 19 by resistance welding
via 5 through hole 21 provided on anode member 19. An arrangement in
structure is made so that a combined thickness of spacer 26 and anode
member 19 of ter welding almost equals to the thickness of cathode member
20 of element 17. A plurality of elements 17, each formed by joining spacer
26 to anode member 19, are stacked on top of each other in layers on both
surfaces of 10 respective anode lead frame 22 and cathode lead frame 23.
The side of cathode member 20 is joined by a conductive adhesive (not shown
in the drawings) and the side of anode member 19 is joined by resistance
welding. The SEC structured as in exemplary embodiment 10 has anode lead
frame 22 and anode member 19 joined together via spacer 26 made of a 15
metal with no coating film applied to the surface thereof when anode member
19 stacked with a plurality of elements 17 on top of each other in layers
is joined to anode lead frame 22 by resistance welding, thereby
facilitating the welding process. Further, the surface of welding electrode
of resistance welding is contaminated when anode member 19 is welded
directly and es 20 pecially when this welding process is repeated. The
adoption of spacer 26, however, prevents the contamination from occurring,
thereby allowing the productivity of welding work to be improved. Spacer 26
also acts as a height adjusting means for anode member 19 and, when spacer
26 is disposed on anode member 19 of element 17, the 25 thickness at the
side of anode member 19 becomes almost equal to the thickness of cathode
member 20. As a result, anode member 19 is prevented from getting bent and
depressed for breakage. Therefore, no cracks or disruptions are caused on
the dielectric oxide film layer formed on the surface of anode member 19,
thereby allowing an SEC with a low leakage current to be pro30 duced with
stability. Leakage currents of the SEC thus structured in exemplary
embodiment 10 of the present invention are measured and Table 5 shows the
meas   22 urement results in comparison with a prior art SEC. The withstand
voltage of the measured SEC's is 6.3 V and the quantities of the SEC's
prepared for the measurement are 30 for each. 5 Table 5 3 Stack4 Stack5
Stack6 StackLayersLayersLayersLayers(nA/2 min)(nA/2 min)(nA/2 min)(nA/2
min)Prior Art1283299011210SEC in ExemplaryEmbodiment 1095113142195 As Table
5 clearly shows, the SEC in exemplary embodiment 10 of the present
invention allows not only anode lead frame 22 and anode mem ber 19 to join
to each other strongly but also allows a structure for minimis 10 ing the
stress imposed on anode member 19 to be realised, thereby achieving a great
reduction in leakage currents. Particularly, when the number of stack
layers of element 17 is increased, the aforementioned advantage is more
prominent with resulting suppression of leakage currents for the SEC. This
advantage is valuable for an SEC, in which capacitance is increased by in 



15 creasing the number of capacitor element layers to be stacked.
(Exemplary Embodiment 11 ) An SEC in exemplary embodiment 11 is similar to
the SEC in ex emplary embodiment 10 except that the configuration of the
spacer disposed 20 between respective anode members for a height adjustment
is changed. A description is given to the aforementioned difference only
with reference to FIG. 23. Depression 27A provided on spacer 27 is
structured so as to be meshed with the end part of anode member 19 of
element 17, the end part 25 being formed like a projection. With the SEC in
exemplary embodiment 11 of the present invention, anode member 19 of
element 17 is fit in depression 27A and spacer 27 is joined to anode member
19 by resistance welding via   23 through hole 21 provided on anode member
19. The SEC thus structured in exemplary embodiment 11 allows the
positioning of element 17 against spacer 27 to be performed precisely,
thereby producing an SEC of high reliability through the welding work per 5
formed with more increased reliability in addition to exploiting the advan
tages similar to the ones in exemplary embodiment 10. (Exemplary Embodiment
12) An SEC in exemplary embodiment 12 is similar to the SEC in ex 10
emplary embodiment 10 except that the configuration of the spacer disposed
between respective anode members for a height adjustment is changed. A
description is given to the aforementioned difference only with reference
to FIG. 24. Spacer 28 is provided with bent sections 28A formed by folding
15 back each of both end parts of spacer 28 excepting the area where spacer
28 and anode member 19 are brought into contact with each other, thereby
formulating a double layered structure of bent section 28A. Between bent
sections 28A thus formed at positions opposing to each other is disposed
the end part of anode member 19 shaped like a projection. Then, spacer 28
is 20 joined to anode member 19 by resistance welding via through hole 21
pro vided on anode member 19. The SEC in exemplary embodiment 12 of the
present invention has advantages similar to the ones in exemplary
embodiment 11 by realising a double layered structure of bent sections 28A,
which are formed of both end 



25 parts of spacer 28 by being folded back, respectively. (Exemplary
Embodiment 13) An SEC in exemplary embodiment 13 is similar to the SEC in
ex emplary embodiment 10 except that the construction of the spacer
disposed 30 between respective anode members for a height adjustment and
the method of joining between the anode member and the anode lead frame are
changed. A description is given to the aforementioned differences only with
reference   24 to FIG. 25 and FIG. 26A through FIG. 26C. In FIG. 25 and
FIG. 26A, spacer 29A has through hole 30A at the position corresponding to
the position of through hole 21 provided on anode member 19 of element 17.
Meanwhile, a through hole is provided on anode 5 lead frame 22 at the
corresponding position, also. Accordingly, when a plu rality of elements 17
are stacked on top of each other in layers on anode lead frame 22, through
holes 21 provided on respective anode members 19 and through holes 30A
together form a through hole running through a11 the component parts
constituting the stack body. Rivet 31 is inserted in the 10 through hole
formed as described in above and anode member 19 and anode lead frame 22
are joined with each other by swaging rivet 31. As other examples of spacer
29A can be considered such spacers as spacers 29B and 29C provided with
through holes 30B and 30C, respectively. According to the structure as
described in above, anode lead frame 15 22 and anode member 19 are not only
joined together strongly but also the joining process can be performed
without using a welding machine. As a result, a high performance and highly
reliable SEC is made available with a simple production setup and
production method. 20 (Exemplary Embodiment 14) An SEC in exemplary
embodiment 14 is similar to the SEC in exemplary embodiment 13 except that
the method of joining between the anode member and the anode lead frame is
changed. A description is given to the aforementioned change only with
reference to FIG. 27. 25 In the similar way as in exemplary embodiment 13,
spacer 29A for a height adjustment is provided with a through hole at the
position corresponding to through hole 21 provided on anode member 19 of
element 17. Also, another through hole is provided on anode lead frame 22
at the position corresponding to through hole 21 provided on anode member
19 of ele30 ment 17. In the similar way as in exemplary embodiment 13, when
a plurality of elements 17 are stacked on top of each other in layers on
anode lead   25 frame 22, a through hole is formed in such a way as running
through all through holes 21 provided on respective anode members 19 and
through holes provided on respective spacers 29A. Conductive silver paste
32 is filled in the combined single through hole thus formed, thereby
allowing an y ode member 19 and anode lead frame 22 to be joined together.
Accordingly, the advantages similar to the ones realised in exemplary
embodiment 13 can be achieved with the SEC in the present exemplary
embodiment. 10 (Exemplary Embodiment 15) An SEC in exemplary embodiment 15
is similar to the SEC in exemplary embodiment 10 except that the method of
joining between the anode member and the anode lead frame is changed. A
description is given to the aforementioned change only with reference to
FIG. 28 and FIG. 29. 15 A through hole is provided in advance on spacer 33
and anode member 19, respectively. The positions of respective through
holes are aligned with each other and the through holes are swaged together
from the side of spacer 33 towards anode member 19 to join both together.
FIG. 29 shows the swaged part 34. A plurality of the joined bodies, each
formed as 20 described in above, are stacked on top of each other in piles
and integrally joined together by laser welding and the like. Accordingly,
the advantages similar to the ones realised in exemplary embodiment 13 can
be achieved with the SEC in the present exemplary embodiment. 25 In
exemplary embodiments 1 through 8, a description is primarily 



given to methods of reducing resistance at the cathode side of capacitor
element stack body. In exemplary embodiments 9 through 15, a description is
primarily given to methods of reducing resistance at the anode side of
capacitor element stack body. By combining these methods together, equiva
30 lent series resistance characteristics closest to the ones of the most
ideal capacitor are allowed to be realised.   26 CLAIMS 1. A solid
electrolytic capacitor comprising: a capacitor element stack body formed by
stacking a plurality of 10 capacitor elements, wherein said each respective
capacitor element has an anode member and a cathode member formed by
dividing an anode body made of a valve action metal and is formed of a
dielectric oxide film layer, a solid electrolyte layer and a cathode layer
stacked on top of each other in layers in succession on a surface of said
cathode member; 15 an anode lead frame connected to said anode member of
capacitor element stack body; and a cathode lead frame provided with a
connecting member to con nect integrally with said cathode member of
capacitor element stack body on a side surface of said capacitor element
extending in a thickness direction 20 thereof. 2. The solid electrolytic
capacitor according to claim l, wherein at least part of said cathode lead
frame is disposed between stack layers of cathode member of said capacitor
element stack body. 25 3. The solid electrolytic capacitor according to
claim 1 or 2, wherein said cathode lead frame is further provided with a
holding member to hold both upper and bottom surfaces of said capacitor
element stack body, respectively. 30 4. The solid electrolytic capacitor
according to claim 1, 2 or 3, wherein said connecting member connects
integrally with said cathode member of capacitor element stack body on a
side surface of said capacitor element extending in a thickness direction
thereof and located at a side op 35 posite to said anode member of
capacitor element stack body. 5. The solid electrolytic capacitor according
to any one of claims 1 to   27 3, wherein said connecting member further
comprises a member to connect integrally with said cathode member of
capacitor element stack body on a side surface of said capacitor element
extending in a thickness direction thereof, said side surface being located
at a side opposite to said anode 5 member of capacitor element stack body.
6. The solid electrolytic capacitor according to any one of the pre ceding
claims, wherein said cathode lead frame further comprises a pair of guiding
members to guide said cathode member of capacitor element stack 10 body. 7.
The solid electrolytic capacitor according to any one of claims 1 to 5,
further comprising a pair of guiding members formed by bending two op 



posite ends of said connecting member to guide said cathode member of ca 15
pacitor element stack body. 8. The solid electrolytic capacitor according
to any one of the preceding claims, wherein said connecting member is
formed by bending at least part of said cathode lead frame. 20 9. The solid
electrolytic capacitor according to claim 8, wherein said cathode lead
frame further comprises a flat member to dispose said cathode member of
capacitor element stack body thereon, and said connecting member is formed
by bending two ends of said flat 25 member upward and downward,
respectively. 10. The solid electrolytic capacitor according to claim 8,
wherein said cathode lead frame further comprises a flat member to have
said cathode member of capacitor element stack body disposed thereon, and
30 said connecting member is formed by bending two opposite ends of said
flat member upwards to be facing each other.   28 11. The solid
electrolytic capacitor according to any one of the pre ceding claims,
wherein each capacitor element is provided with a through hole on said
anode member. 5 12. A solid electrolytic capacitor comprising: a capacitor
element stack body formed by stacking a plurality of capacitor elements,
wherein said each respective capacitor element has an anode member and a
cathode member formed by dividing an anode body 10 made of a valve action
metal, and is formed of a dielectric oxide film layer, a solid electrolyte
layer and a cathode layer stacked on top of each other in layers in
succession on a surface of said cathode member, and is provided with a
through hole on said anode member; an anode lead frame connected to said
anode member of capacitor 15 element stack body; and a cathode lead frame
connected to said cathode member of capaci for element stack body. 13. The
solid electrolytic capacitor according to claim 11 or 12, 



20 wherein said respective anode members of capacitor element stack body
are joined with one another via said through holes provided on said
respective anode members. 14. The solid electrolytic capacitor according to
claim 13, wherein said 25 respective anode members of capacitor element
stack body are joined with one another by resistance welding via said
through holes provided on said respective anode members. 15. The solid
electrolytic capacitor according to claim 13, wherein said 30 respective
anode members of capacitor element stack body are joined with one another
via a rivet inserted in said through holes provided on said re spective
anode members.   29 16. The solid electrolytic capacitor according to claim
13, wherein said respective anode members of capacitor element stack body
are joined with one another via a conductive adhesive filled in said
through holes provided on said respective anode members. 5 17. The solid
electrolytic capacitor according to any one of the pre ceding claims,
wherein a spacer is provided between said respective anode members of
capacitor element stack body. 10 18. The solid electrolytic capacitor
according to claim 17, wherein said spacer is provided with a recessed area
to have said anode member of ca pacitor element fit therein. 19. The solid
electrolytic capacitor according to claim 17 or 18, 15 wherein said spacer
is folded back at places excluding an area where said anode member of
capacitor element and said spacer are brought into contact with each other.
20. The solid electrolytic capacitor according to any one of claims 17 20
to 19, wherein said spacer and said each respective anode member of ca
pacitor element stack body are swaged to be joined together. 21. The solid
electrolytic capacitor according to any one of claims 17 to 20 when
dependent on at least claim 11 or 12, wherein said spacer is pro 25 vided
with a through hole, said through hole being located at a position cor
responding to a place where said through hole provided on said anode mem
ber of capacitor element is located. 22. The solid electrolytic capacitor
according to claim 12, wherein said 30 cathode lead frame is provided with
a connecting member to connect inte grally with said cathode member of
capacitor element stack body on a side surface of said capacitor element
extending in a thickness direction thereof. 



30 23. A manufacturing method of solid electrolytic capacitors comprising
the steps of: dividing an anode body made of a valve action metal into an
anode member and a cathode member and preparing a capacitor element by
stack 5 ing on a surface of said cathode member a dielectric oxide film
layer, a solid electrolyte layer and a cathode layer on top of each other
in layers in succes sion; stacking a plurality of said capacitor elements
on top of each other in layers on each of one surface of respective anode
lead frames and cathode 10 lead frames formed continuously on a hoop at
positions with a predetermined spacing provided therebetween and joining
said anode member to said anode lead frame; joining said cathode member of
capacitor element to said cathode lead frame via a conductive adhesive; and
15 forming a capacitor element stack body by stacking a plurality of said
capacitor elements on top of each other in layers on another surface of
respective anode lead frames and cathode lead frames by turning said hoop
upside down and joining said capacitor elements together.
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