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(57) ABSTRACT 

A solid electrolytic capacitor that includes a cathode foil and 
solid electrolyte made of conductive polymer. This cathode 
foil is made by providing a nickel layer on a surface of a base 
material made of valve metal. This nickel layer includes a 
layer containing only nickel and a layer containing nickel 
oxide. Both large capacitance and loW equivalent series resis 
tance are achievable at the same time With this simple struc 
ture at loW cost. 
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ELECTRODE FOIL FOR CAPACITORS AND 
SOLID ELECTROLYTIC CAPACITOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to capacitors used in 
diversifying electronic devices, and more particularly to elec 
trode foils for Wound capacitors using conductive polymer for 
their solid electrolyte, and solid electrolytic capacitors using 
this type of electrode foil. 
[0003] 2. BackgroundArt 
[0004] In line With the increasing use of high frequencies 
for electronic devices, electrolytic capacitors, one type of 
electronic components, are also expected to have large 
capacitance and good impedance characteristic in a high fre 
quency range than ever before. To meet these demands, vari 
ous solid electrolytic capacitors using conductive polymer 
With high electric conductivity as solid electrolyte have been 
studied. 
[0005] To satisfy the demand for large capacitance, Wound 
solid electrolytic capacitors (an anode foil and a cathode foil 
are Wound With a separator in betWeen) using conductive 
polymer as solid electrolyte have been commercialized. A 
Winding structure can achieve large capacitance more easily 
compared to a structure of stacked electrode foils. 

[0006] This type of solid electrolytic capacitors demon 
strate good service life, good temperature characteristic, and 
in particular, excellent high frequency characteristic, and are 
thus broadly employed in poWer circuits of personal comput 
ers. NoW, a technology of using a nonvalve metal foil as the 
cathode foil, such as a nickel foil, that hardly forms natural 
oxidation ?lm is proposed With the aim of increasing electro 
static capacitance C. With this technology, the electrostatic 
capacitance of the cathode becomes substantially in?nite. 
This technology is disclosed in Examined Japanese Patent 
Publication No. H4-7086. 
[0007] A plain foil of nonvalve metal cannot be roughened 
by etching. Accordingly, an effective contact area betWeen 
the cathode foil and solid electrolyte reduces, generating a 
large equivalent series resistance in a ?nished capacitor. 
Therefore, a technology of using the cathode foil con?gured 
in the next Way has been proposed. A surface of an aluminum 
foil is roughened by etching, and then nickel, Which is non 
valve metal, is plated on this roughened surface by electroless 
plating. This technology is disclosed in the Japanese Patent 
No. 3439064. 

[0008] The above conventional solid electrolytic capacitor 
uses the nickel foil as the cathode foil. HoWever, the nickel 
foil is more expensive compared to the aluminum foil, Which 
is generally used for the cathode foil. Still more, the conven 
tional electroless-plating method used for plating nickel on 
the surface of metal foil, Whose surface is roughed by etching, 
is not capable of further thinning a plating ?lm. Accordingly, 
it is di?icult to uniformly plate the nickel ?lm into ?ne pores 
on the roughened surface. In addition, l-um thick ?lm Will ?ll 
etching pits. Furthermore, an oxide ?lm that exists on the 
surface of the roughened metal foil hinders ?rm bonding 
betWeen the metal foil and the nickel plating ?lm. 

SUMMARY OF THE INVENTION 

[0009] The present invention offers an inexpensive and 
highly-reliable solid electrolytic capacitor With a simple 
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structure that achieves both large capacitance and loW equiva 
lent series resistance at the same time. 
[0010] A capacitor electrode foil of the present invention 
includes a base material made of a valve metal foil, and a 
nickel layer including nickel and nickel oxide. The nickel 
layer is formed on the surface of the base material. 
[0011] The solid electrolytic capacitor of the present inven 
tion includes an element and solid electrolyte. The element is 
formed by Winding an anode foil made of aluminum, Whose 
surface is roughened to form a dielectric oxide ?lm layer, and 
a cathode foil made of aluminum With a separator in betWeen. 
The solid electrolyte is made of conductive polymer, and is 
absorbed betWeen the anode foil and the cathode foil of this 
element. The capacitor electrode foil of the present invention 
is used as the cathode foil. 
[0012] When the solid electrolytic capacitor uses this 
capacitor electrode foil as the cathode foil, and solid electro 
lyte is high polymer, electrostatic capacitance of the cathode 
foil is vanished and is not developed. Accordingly, capaci 
tance is developed only in the anode foil. This enables a great 
increase in capacitance. Nickel oxide contained in the nickel 
layer is semiconductor, and thus has conductivity. This 
greatly contributes to reduction of equivalent series resis 
tance. Nickel oxide on the surface of the nickel layer sup 
presses an increase of equivalent series resistance due to 
oxidation even during carboniZation of the separator or heat 
ing in a re?oW operation. In addition, corrosion resistance is 
improved, and a bonding With the solid electrolyte is strength 
ened. 
[0013] In addition, the nickel layer forms a diffusion layer 
including aluminum that is valve metal, nickel, and oxygen 
by the heat generated during deposition of the nickel layer. 
This increases the bonding strength betWeen the valve metal 
foil and the nickel layer. Furthermore, since the nickel layer 
can be drastically thinned With ease, the present invention 
achieves both large capacitance and loW equivalent series 
resistance With a simple structure at loW cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1A is a sectional vieW of a capacitor electrode 
foil in accordance With a ?rst embodiment of the present 
invention. 
[0015] FIG. 1B is an enlarged detail of a cross section of the 
capacitor electrode foil in accordance With the ?rst embodi 
ment of the present invention. 
[0016] FIG. 2 is a fragmentary sectional vieW of a solid 
electrolyte capacitor using the capacitor electrode foil in 
accordance With the ?rst embodiment of the present inven 
tion. 
[0017] FIG. 3 is a sectional vieW of the capacitor electrode 
foil in accordance With a second embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

First Embodiment 

[0018] An electrode foil for capacitors (hereafter referred 
to as “capacitor electrode foil”) in the ?rst embodiment of the 
present invention is described beloW. 
[0019] FIG. 1A is a sectional vieW illustrating a structure of 
the capacitor electrode foil in accordance With the ?rst 
embodiment of the present invention. In FIG. 1A, base mate 
rial 1 is an aluminum foil, Which is valve metal. Nickel layer 
2 includes nickel and nickel oxide 
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[0020] FIG. 1B is an enlarged detail of a cross section of the 
structure of the capacitor electrode foil in the ?rst embodi 
ment of the present invention. In FIG. 1B, natural oxidation 
?lm layer 3 including aluminum 1a and aluminum oxide 
(A140) is formed on a surface of base material 1 made of the 
aluminum foil. Nickel layer 2 formed of nickel and nickel 
oxide includes layer 211 containing only nickel and layer 4 
containing nickel oxide (N i4O). In addition, diffusion layer 
5 made of nickel, aluminum, and oxygen (NiiAl4O) is at 
least partially formed betWeen natural oxidation ?lm layer 3 
including aluminum oxide (A140) that contains aforemen 
tioned aluminum 1a, and layer 211 containing only nickel. 
[0021] In this capacitor electrode foil as con?gured above, 
high-purity aluminum foil of 50-um thick is used as base 
material 1. Fine nickel particles are deposited on the surface 
of this base material 1 by adjusting oxygen concentration in a 
vacuum ambient so as to form nickel layer 2 (0.1 -p.m thick on 
each face) including layer 211 containing only nickel and layer 
4 containing nickel oxide. Other than deposition, dry pro 
cesses such as sputtering and CVD method can be used for 
forming nickel layer 2 so as to achieve the same effect. DoWn 
siZing is feasible by thinning base material 1. Contrarily, base 
material 1 may be thickened to reduce the equivalent series 
resistance (hereafter referred to as “ESR”). 
[0022] The capacitor electrode foil in the ?rst embodiment 
of the present invention as con?gured above has conductivity 
because layer 4 containing nickel oxide in nickel layer 2 is 
semiconductor. This signi?cantly contributes to reduction of 
the ESR. In addition, layer 4 containing nickel oxide on the 
surface of nickel layer 2 improves corrosion resistance. Fur 
thermore, bonding With the solid electrolyte strengthens 
When this electrode foil is used as a cathode foil in manufac 
turing a solid electrolytic capacitor using conductive polymer 
as solid electrolyte. 

[0023] When the heat is generated at depositing nickel 
layer 2, the above deposited nickel layer 2 develops alloy of 
aluminum, nickel, and oxygen betWeen natural oxidation ?lm 
layer 3 formed of aluminum oxide (AliO) of aluminum 1a 
and layer 211 containing only nickel. The bonding strength 
betWeen nickel layer 2 and base material 1 thus increases, 
facilitating drastic thinning of nickel layer 2. Accordingly, 
this simple structure achieves both large capacitance and loW 
ESR at the same time at loW cost. 

[0024] In the ?rst embodiment, the thickness of nickel layer 
2 is 0.1 pm on each face. Further thinning of the layer is 
technically feasible Without any di?iculty, and a su?icient 
effect is also expectable. On the other hand, no greater effect 
is expectable by making the layer thicker. It Will just increase 
the cost. Accordingly, the thickness of nickel layer 2 is 0.5 pm 
on each face, and preferably 0.1 pm per face is suf?cient. 
[0025] FIG. 2 is a fragmentary sectional vieW of the solid 
electrolytic capacitor employing the capacitor electrode foil 
in the ?rst embodiment of the present invention. In FIG. 2, 
this capacitor electrode foil is used as cathode foil 12. Anode 
foil 11 is made of an aluminum foil. The surface of anode foil 
is etched to form a roughened layer. Then, a dielectric oxide 
?lm layer is formed on this roughened layer by chemical 
conversion treatment. Separator 13 is made of electrolytic 
paper. Anode foil 11 and cathode foil 12 are Wound in the state 
that this separator 13 is disposed betWeen them to complete 
capacitor element 14. This capacitor element 14 is then 
heated to carboniZe separator 13. 
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[0026] Solid electrolyte made of conductive polymer is 
absorbed in separator 13 disposed betWeen anode foil 11 and 
cathode foil 12 of capacitor element 14. Anode lead 15 and 
cathode lead 16 are bonded to anode foil 11 and cathode foil 
12, respectively, and led out. Anode lead 15 and cathode lead 
16 are then passed through sealing member 18, and inserted 
into cylindrical aluminum case 17 With closed bottom to seal 
an opening of aluminum case 17. 
[0027] Aforementioned solid electrolyte is solid electrolyte 
of polyethylene dioxithiophene, Which is chemically-poly 
meriZed conductive polymer. This is made by dipping capaci 
tor element 14 in a solution containing one part of 3,4-ethyl 
enedioxithiophene, Which is heterocyclic monomer; tWo 
parts of ferric p-toluenesulfonate, Which is an oxidant; and 
four parts of n-buthanol, Which is a polymer solvent; and the 
taking element 14 out of the solution to leave it at 85° C. for 
60 minutes. HoWever, the present invention is not limited to 
this solid electrolyte. 
[0028] A capacitance and ESR of the solid electrolytic 
capacitor as manufactured above are measured, and results 
are compared With a conventional capacitor (using an etched 
aluminum foil Without the nickel layer as the cathode foil). 
Table 1 shows the results. 

TABLE 1 

Capacitance (HF) ESR (m9) 

First 1370 4.5 
embodiment 
Prior art 510 8.0 

[0029] It is apparent from Table 1 that the solid electrolytic 
capacitor using the capacitor electrode foil in the ?rst 
embodiment as cathode foil 12 and conductive polymer as 
solid electrolyte demonstrates better performance compared 
to the prior art: about 2.7 times larger capacitance and about 
a half ESR. This is because the electrostatic capacitance of 
cathode foil 12 is eliminated by forming nickel layer 2 includ 
ing nickel and nickel oxide on the surfaces (both faces) of 
cathode foil 12. The capacitance is thus developed only in 
anode foil 11. Accordingly, both signi?cant expansion of 
capacitance and signi?cant reduction of ESR are achievable 
at the same time. 

[0030] Layer 4 containing nickel oxide in nickel layer 2 is 
semiconductor, and thus has conductivity. This greatly con 
tributes to reduction of the ESR. The ESR scarcely increases 
due to oxidation by carboniZation of separator 13 or heating in 
the re?oW operation. Nickel oxide on the surface of nickel 
layer 2 improves corrosion resistance and strengthens bond 
ing With solid electrolyte. 
[0031] In addition, When the heat is generated at depositing 
nickel layer 2, deposited nickel layer 2 develops alloy of 
aluminum, nickel, and oxygen betWeen natural oxidation ?lm 
layer 3 formed of aluminum oxide (AliO) of aluminum 1a 
and layer 211 containing only nickel. This increases the bond 
ing strength betWeen nickel layer 2 and cathode foil 12. Still 
more, since nickel layer 2 can be drastically thinned With 
ease, both large capacitance and loW ESR are achievable at 
the same time With this simple structure at loW cost. 

[0032] In the ?rst embodiment, the thickness of nickel layer 
2 is 0.1 pm on each face. Further thinning of the layer is 
technically feasible Without any dif?culty, and a suf?cient 
effect is also expectable. On the other hand, no greater effect 
is expectable by making the layer thicker. It Will just increase 
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the cost. Accordingly, the thickness of nickel layer 2 is 0.5 pm 
on each face, and preferably 0.1 pm per face is suf?cient. 

[0033] The ?rst embodiment refers to an example of using 
separator 13 made by carboniZing electrolytic paper mainly 
made of cellulose ?ber. However, the present invention is not 
limited to this type of separator 13. By applying paper dura 
bility reinforcement (polyacrylamide or its derivatives) or 
surface hydrophobicity treatment using silane coupling agent 
to the electrolytic paper mainly made of cellulose ?ber, 
intended capacitor characteristics are achievable Without car 
boniZation at a high-temperature ambient of about 3000 C. 

[0034] If separator 13 mainly made of synthetic ?ber is 
used, uniform solid electrolyte can be formed inside capacitor 
element 14 Without uneven distribution of solid electrolyte 
inside ?bers, such as the case of cellulose ?ber. This enables 
further reduction of impedance at a high frequency range. It is 
necessary to select synthetic ?ber that is chemically stable in 
polymeriZation solution used for forming solid electrolyte, 
and has good heat resistance. For example, polyethylene 
terephthalate, acryl, nylon, polyvinyl alcohol, and their 
derivatives are preferable. In particular, a mixed-crystal ?ber 
With polyethylene terephthalate and its derivatives, or poly 
vinyl alcohol combines Well With polyethylene 
dioxithiophene, Which is the solid electrolyte. Adhesion and 
bonding strengths thus improve. Accordingly, the use of syn 
thetic ?ber achieves over 10% reduction in impedance at a 
high-frequency range, compared to that of the separatorusing 
carboniZed electrolytic paper mainly made of cellulose ?ber. 
[0035] In this embodiment, separator 13 is carboniZed by 
heating Wound capacitor element 14. HoWever, the present 
invention is not limited to this method. Separator 13 may be 
separately heated for carboniZation, and then carboniZed 
separator 13 may be used for Winding capacitor element 14. 

[0036] Furthermore, a surface-mount solid electrolytic 
capacitor can be made by passing anode lead 15 and cathode 
lead 16, Which is led out from anode foil 11 and cathode foil 
12, through a resin plate (not illustrated), and then bending 
their lead portions. 

Second Embodiment 

[0037] A capacitor electrode foil in the second embodiment 
of the present invention is described beloW. 

[0038] The second embodiment has a partially different 
structure from that of the cathode foil in the solid electrolytic 
capacitor in the ?rst embodiment described With reference to 
FIG. 2. Other structures are the same as that of the ?rst 
embodiment, and thus the same reference marks are given to 
the same components to omit duplicate description. Only the 
point that differs is described beloW. 
[0039] FIG. 3 is a sectional vieW ofa structure ofthe capaci 
tor electrode foil in the second embodiment. In FIG. 3, the 
surface of base material 1, made of aluminum, of cathode foil 
12 is etched to form a roughened layer. Then, nickel layer 2 
including nickel and nickel oxide is formed on this roughened 
layer. 
[0040] The capacitance and ESR of the solid electrolytic 
capacitor in the second embodiment as con?gured above are 
measured. Table 2 shoWs the results and comparison With a 
conventional capacitor (using an etched aluminum foil With 
out nickel layer as the negative electrode foil). 
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TABLE 2 

Capacitance (HF) ESR (m9) 

Second 1420 4.1 
embodiment 
Prior art 510 8.0 

[0041] Same as the ?rst embodiment, it is apparent from 
Table 2 that the solid electrolytic capacitor in the second 
embodiment demonstrates better performance compared to 
the prior art: about 2.8 times larger capacitance and about a 
half ESR. The performance is even better than that of the ?rst 
embodiment. This is because the surface of aluminum, Which 
is cathode foil 12, is etched to form a roughened layer. This 
generates alloy of aluminum, nickel, and oxygen, resulting in 
reinforcing the bonding strength betWeen aluminum and 
nickel layer 2. Accordingly, large capacitance and loW ESR 
are achievable at the same time. 

Third Embodiment 

[0042] A capacitor electrode foil in the third embodiment 
of the present invention is described. 
[0043] The third embodiment has a partially different struc 
ture from that of the cathode foil in the solid electrolytic 
capacitor in the ?rst embodiment described With reference to 
FIG. 2. Other structures are the same as that of the ?rst 
embodiment, and thus the same reference marks are given to 
the same components to omit duplicate description. Only the 
point that differs is described beloW. 
[0044] In the third embodiment, nickel layer 2 including 
nickel and nickel oxide is formed only on one surface of 
cathode foil 12. The capacitance and ESR of the solid elec 
trolytic capacitor in the third embodiment as con?gured 
above are measured. Table 3 shoWs the results and compari 
son With a conventional capacitor (using an etched aluminum 
foil Without nickel layer as the negative electrode foil). 

TABLE 3 

Capacitance (HF) ESR (m9) 

Third 1350 6.2 
embodiment 
Prior art 510 8.0 

[0045] It is apparent from Table 3 that the solid electrolytic 
capacitor in the third embodiment demonstrates better per 
formance compared to the prior art: about 2.6 times larger 
capacitance and about 3A ESR. These are all achieved by the 
effect same as that described in the ?rst embodiment. In 
addition, although nickel layer 2 is only formed on one sur 
face of cathode foil 12, the electrostatic capacitance in an 
aluminum dielectric oxide ?lm formed on the surface Where 
nickel layer 2 is not formed is also practically eliminated. 
[0046] HoWever, the ESR is greater, compared to that of the 
?rst embodiment, and remains at almost the same level as the 
prior art. This is because nickel layer 2 is formed only on one 
surface of cathode foil 12. Accordingly, nickel layer 2 needs 
to be formed on at least one surface. 

[0047] The solid electrolytic capacitor of the present inven 
tion achieves both large capacitance and loW ESR at the same 
time, and thus is effectively applicable to capacitors used in 
diversifying ?elds. 
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What is claimed is: 
1. A capacitor electrode foil comprising: 
a base material made of a Valve metal foil; and 
a nickel layer formed on a surface of the base material. 
2. The capacitor electrode foil of claim 1, Wherein the 

nickel layer includes a layer containing only nickel and a 
layer containing nickel oxide. 

3. The capacitor electrode foil of claim 2, Wherein the layer 
containing nickel oxide is formed at least on an outer surface 
of the layer containing only nickel. 

4. The capacitor electrode foil of claim 2, Wherein the Valve 
metal foil is an aluminum foil, and a diffusion layer of alu 
minum, nickel, and oxygen is formed betWeen the aluminum 
foil and the layer containing only nickel. 

5. The capacitor electrode foil of claim 2, Wherein a thick 
ness of the nickel layer is not greater than 0.5 pm on one face, 
the nickel layer being formed on the surface of the base 
material, and including the layer containing only nickel and 
the layer containing nickel oxide. 

6. The capacitor electrode foil of claim 1, Wherein a rough 
ened layer that is roughened is formed on a surface of the 
Valve metal foil. 

7. The capacitor electrode foil of claim 2, Wherein the 
nickel layer is formed on at least one face of the base material, 
the nickel layer being formed on the surface of the base 
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material, and including the layer containing only nickel and 
the layer containing nickel oxide. 

8. A solid electrolytic capacitor comprising: 
an element formed by Winding an anode foil and a cathode 

foil With a separator in betWeen, the anode foil being 
made of aluminum on Which a dielectric oxide ?lm layer 
is formed by roughening a surface, and the cathode foil 
being made of aluminum; 

solid electrolyte made of conductive polymer, the solid 
electrolyte being absorbed betWeen the anode foil and 
the cathode foil of the element; 

a metal case for housing the element and the solid electro 
lyte; and 

a sealing member for sealing an opening of the metal case; 
Wherein 
the cathode foil is the capacitor electrode foil of claim 1. 
9. The solid electrolytic capacitor of claim 8, Wherein the 

separator is electrolytic paper mainly made of a cellulose 
?ber. 

10. The solid electrolytic capacitor of claim 8, Wherein the 
separator is carboniZed paper made by carboniZing electro 
lytic paper mainly made of a cellulose ?ber. 

11. The solid electrolytic capacitor of claim 8, Wherein the 
separator is mainly made of a synthetic ?ber. 

* * * * * 


