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 ELECTROLYTI C FI ELD OF THE | NVENTI ON The preseg i nvention
relates to tiﬂm “wmmlnmt hods of manufacturing solid eliiz HUN 0
capacitors (herearter referred to as "solid capacitors”) using conducting
polymer as solid electrolyte. In partjcular , the present invention relates
to the field of nmethods of manufacturing solid electrolytic capacitors to
provi de an anode foil whose characteristics of the anodized fil mdegrade to
a |l esser extent during the formati on process of the M02 | ayer which
becones:t he base of the conducting polynmer |layer to the foll ow ng process.
BACKGRMEDHB DroF MWEUF A8 TAURINGSOLdD ELECTRO DY O G APAGTTFORSOo! i d
capacitors is described next with reference to drawings. Fig. 5 shows a
perspective, partly in section, illustrating the configuration of a solid
capacitor. In Fig. 5, after the surface of an alumnumfoil 1, which acts
?SI t heslmmwmﬁmmmmmmlhve el ]tcact rod;a), i's roughened by etchi Pg, I an aﬂodi Zﬁd
ilmi e surfagq ??IEWE um num foil 1 throug

anodi zat i onyed 1 Nsul ativé resl?ng separ apgg(?lﬁe alumnumfoil 1 into an
anode and cat hode (negative electrode). The cathode is nade by sequentially
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~in the &siﬁﬁér{oethgtf&]ﬁvn}él,%ﬁé@??SSt-p raw materials, the product yield may

drop i BOPRE CoAVent 1ena uring nmethod. More specifically, during
the process of formng the M02 | ayer 12 on an anodized filmof the
alumnumfoil 1 in Fig. 5 a strip of the alumnumfoil 1 is successively
imersed in and renoved froma sol ution containing manganese salts. The

manganese salt is then_ thermal deconmpaose e M02 | ayer 12 on
the surface. This pr o&é@ﬁggéﬁm% mfwect on the anodi zed
fi.lmalready formed on the aluminumfoil 1, often resulting in danmage to
sone parts of the anodized film Accordingly, another anodization step is
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Fol I owy ngh%lpgctls 2 e Eu%déa(tpio%rt]iv%re?gc%?osﬁe), is roughened by etching, an anodized

film is formed on the surface of the roughened aluminum foil 1 through anodization.
An insulative resist 11 separates the aluminum foil 1 into an anode and cathode
(negative electrode). The cathode is made by sequentially laminating a MnO, layer
12, polypyrrole layer 13 which becomes the conducting polymer layer, graphite layer
14, and silver paint layer 15. A solid capacitor_element is configured as described

above.



1 ? JUN 2003 3 The present invention ains to offer a nmethod of

"manuf acturing solid electrolytic capacitors that allows th el §) &Nl
of the entire lot of alumnumfoil, on which an anodi zed fﬁlZ]P"sUﬂom

the Mh02 | ayer formation process,

SUMMARY CF THE | NVENTI ON I n accordance with an aspect of the invention,

there is provided a nethod of manufagturing solid electrolytic capacitors
sing: sanpling a part of a |ot of anode foil for solid electrolytic

conpri
capaci

I mersing in said sanpl ed anode foi l

put

and also_to inproves the product yield.

tors; formng a Mn02 | ayer on a surface of said sanpled anode foil

manganese salts, renoving said sanple fromsaid solution, and thermally
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aluminum foil 1, the initial material, is generally provided in the form of a strip of
predetermined length wound around a reel. The aluminum foil 1 wound around one
reel is considered as one lot, and is successively supplied to the above series of
processes. Accordingly, if the characteristics of the aluminum foil vary significantly
in the processes relatively close to raw materials, the product yield may drop in the
conventional manufacturing method.

More specifically, during the process of forming the MnO, layer 12 on an
anodized film of the aluminum foil 1 in Fig. 5, a strip of the aluminum foil 1 is
successively immersed in and removed from a solution containing manganese salts.
The manganese salt is then thermally decomposed to form the MnO, layer 12 on the
surface. This process has a marked detrimental effect on the anodized film already
formed on the aluminum foil 1, often resulting in damage to some parts of the
anodized film.

Accordingly, another anodization step 1s implemented after the MnO, layer
formation process in order to repair the damaged anodized film. However, this
repair process is not always sufficient. Considering the degradation in
characteristics of the anodized film on an aluminum foil (hereinafter referred as
characteristics of the aluminum foil ) 1 during the MnQO, layer formation process,
the entire lot of aluminum foil 1 rolled on the reel may not be reliably input to the

following MnO, layer formation process.



17 J U N 2003 3a BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a flow chart
of d nethod of manufacturing solid electrolytic capacitors in accordance
ith a first exenplary enbodi nent of the present inventi 011.7 JPN Zma\l 2003
4 Fig. 2 illustrates a concept of a nmethod for inspecting sanples. Fig. 3
illustrates characteristics of sanples neasured in the inspection. Fig. 4
illustrates characteristics of sanples neasured in the inspection in
accordance with a second exenplary enbodinent. Fig. 5 is a perspective,
partly in section, illustrating the configuration of a conventional solid
el ectrolytic capacitor including the fi r st exenpl ary enbodi nent of the
present invention. DESCRI PTI ON OF THE PREFERRED EVMBCODI MENT Exenpl ary
enbodi ments of the present invention are described in detail with reference
to drawings. First exenplary enbodinent Fig. 1 shows a flow chart of a
net hod of manUhaprasentigventionlaimhet ofdera methethatmasufacturing salikst exenpl ary
enbodi nent of the present invention. As shown in Fig. 1, an anodized film
i s forneddctoelytineapanifons thab allaws thé reliableainpnt elithefentire ot lodalumginam foil,
predeterm ned | ength, which conprises one |ot, by roughening the surface of
t he al uon micH an bnddiaed filinds famoetl, 20 tite Mn0, Aayzarformaétiohprawessyiandmlfooi | 1
whose surface is anodi zed is sanpled and designated as sanple 1 A The
sanpl e tb ifaprevel theqatoductsyisldl ut i on cont ai ni ng nmanganese salts, renmoved from
the solution, and thermally deconposed to forma MO02 | ayer on the surface
of the sample 1 A The formation of the M02 | ayer on the sanple 1 Ais
i npl emented under the sanme conditions as those for the WMn02 | ayer formation
process in the product process. 17 J U N 2003 5 After the Mi02 | ayer is
formed on the surface of gUNMMARY OFFHETNCENTHO oW in Fig. 2 is

applied to the sanple 1A as a test specinen. Fig. 2 is a conceptual draw ng

iI'lustrating Ihgcdongdiretvwith anasped of te inkentsGiiRhéreds providedshiown in Fig. 2,
the sanple 1 A and cathode plate 3 are imersed into the electrolytic

sol ut i omethqPof MbRefdcturing sobiglteld@fsiplic dapaRitoRy&mpsinge S is connected to
both sanple 1 A and cathode plate 3. This inspection equipnent is designed

to measure t hgarfplifiga paftl o 108 of assdd fodl foREBliE clectholylictdapaciedrbode plate 3
when the potential of the sanple 1A is swept at a constant rate fromO V.

Fig. 3 shows giinfingamNa09faydren aspemkeiofRaldesampled atodeifoieby in Fig. 3
shows the neasured characteristics of the sanple 1A and a curve 7 shows

the Chafrﬁﬁlb@ih%iﬂ Sfid 8hmbler] arvdel foil Idtoledsluton b@ntMiﬁ‘ﬁ% Uagelveds forned. It is
apparent fromFig. 3 that the anodized filmis significantly damged as a

resul t afangaigserglts, rembhdg; daid sample frbd s2id §slagonfaridthedhaity num foil where
the anodi zed filmis already forned. Danage to the anodized filmallows a

| ar ge cdéd odigg sdidmapanesd sdiise sanme voltage is applied, as shown in Fig.
3, which indicates that the characteristics of the alum numfoil have

degraded. Thefagpedtapoesd sampledraoide Tol onoshidh MeO, dayends fbridedriant | ot s of
alum nuer:::cordance with a predetermined inspection method; and
determining whether to input said lot of anode foil, from which said
sample is taken, to a next process based on said inspection results.
The present invention may eliminate defective aluminum foil being found
after inputting an entire lot of aluminum foil to the MnO, layer formation process.

This allows the stable and inexpensive manufacture of solid electrolytic capacitors

with high reliability without loss high costs and efficiency.



The present invention thus specifies the current |evel (P0|nts B and
‘before and after the formation of the Mi02 |ayer at a pred 3] g ﬁtage
as shown by Point A on the X axis in Fig. 3. Acceptable alunln m S are
identified using this change in the current |evel or the upper Iimt of the
current level (Point C) after the formation of the Mi02 | ayer as a control
level. Only lots determ ned as acceptable are input to the next process.
Those determ ned as defectives are rejected, and not input to the next
process. 17 ~u~ ~nn~ 6 As described ahpve, | ots which are accepted based
on the inspection results of the sanple "T" A are used in the series of
processes conprising formati on of the MiQ2 | ayer, conducting polyner |ayer,
and cat hode conductor | ayer, lead wire connection, and nolding (the step of
dividing a strip of alumnumfoil 1 into pieces is omtted in Fig. 1) to
conplete the solid capacitor as shown in Fig. 5. The solid capacitor as
manuf act ured above d8RHGFDESERIPTION OFEMEHEDRAWINGS Mre
specifically, a degree of degradation in characteristics of the al um num
foil in the Mi02 formation process is confirmed to be negligible before the
al um num f oi | Figi bisacfloal ¢hart ofalinetitod 6BmshtBctagr sdlit eletirolytier ocess whi ch
has the | argest degradative effect on the characteristics of the al um num
foil 1. cApseigeb imngecdopdaretwion aqtrstaeﬁﬁfqilh?p@ﬁbodxmmft ofithapresent figvdntibnenabl es
it to be confirmed that the entire | ot sanmpled alumnumfoil 1 is

non- def ecti ve, thus safeguarding the manufacturing yield. Since the quality
of alumnumfoil wthin the sane lot is stable nowadays, the acceptable
performance of final products may be assured by evaluating a snmall portion
of the sanples. The first exenpl ary enbodi nent describes the case of
sanpling one piece. To assure an even higher yield rate, test pieces may be
sanpled fromseveral areas of the foil. The first exenplary enbodi nent al so
describes the case of formng the W02 | ayer as a base |ayer for the
conducting pol yner |ayer. However, other than M102, conductive or

sem conductive netal oxides including tin, zinc, tungsten, nickel, and
vanadi um may be used independently or as conposite oxides for the base

| ayer. |f an non-aqueous solvent is used, a highly conductive netal oxide
such as rutheni um oxi de may al so be used. 17 JUN Z003 Second exenpl ary
enbodi mrent A second exenpl ary enbodi nent is described with reference to
Fig. 4. A point which differs fromthe first exenplary enbodi nent is an

i nspection nethod of the sanple 1 A sanpled fromeach | ot of al um num foi

1. Oher points are the sane as those in the first exenplary enbodi nent,
and thus only the point different is described below Descriptions of other
points are omtted. The concept of the inspection nethod is the sane as
that shown in Fig 2 described in the first exenplary enbodinent. In this
exenpl ary enbodi nent, however, a predeterm ned current is applied between
the sanple 1 A and cathode plate 3 for a given period of tine, and final
voltage is neasured. Fig. 4 shows an exanple of neasurenent results. A
curve 8 shows the characteristics of the sanple 1 A and a curve 9 shows the
characteristics of the sanple 1 A before formng the VhQ2 layer. It is
apparent fromFig. 4 that the anodized filmis significantly damged as a
result of formng the WMnO2 | ayer on the surface of the alumnumfoil 1
where anodi zed filmis already formed. Wthstand voltage of the al um num
foil thus drops even a steady current is applied. The second exenplary
enbodi ment thus specifies a voltage |evel (Points B and C on the Y axis)
before and after formng the MOz | ayer during the given length of tine as
shown by Point A on the X axis in Fig. 4. This change in the voltage |evel
or alower limt of the voltage |evel (Point B) after the Mi02 | ayer is
formed is used as a control point for nmaking decision. If the |ot of
alumnumfoil 1 is determ ned as acceptable, this lot is input to the next
process. Those determ ned as defectives are rejected and not input to the
next process.



17 J U N 2003 8 As descri bed above, the nethod of manufacturing solid

- capacitors of the present invention sanples a part of a |0t10293[gg§ﬂg¥3|
to be input to the WMn02 | ayer formation process , which has't

degradative effect on the characteristics of the anode foil in a series of
manuf act uri ng processes, before inputting the anode foil into this MO02

| ayer formation process. This sanple,goes through a predeterm ned

i nspection after the Mi02 |ayer is forned and whether the | ot of sanpled
piece is input to the next process is det ermi ned based on this I nspection

results. Since a degree of degradation in characteristics of the anode foil
during the MhQ2 | ayer formation process is confirned to be negligible

bef th I t the Mi02 | a f t
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the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Exemplary embodiments of the present invention are described in detail with

reference to drawings.

First exemplary embodiment

Fig. 1 shows a flow chart of a method of manufacturing solid electrolytic
capacitors in a first exemplary embodiment of the present invention. As shown in
Fig. 1, an anodized film is formed on the surface of a strip of aluminum foil 1 having
a predetermined length, which comprises one lot, by roughening the surface of the
aluminum foil 1 and then anodizing it. A part of the aluminum foil 1 whose surface
is anodized is sampled and designated as sample 1A. The sample 1A is dipped in a
solution containing manganese salts, removed from the solution, and thermally
decomposed to form a MnQ, layer on the surface of the sample 1A. The formation
of the MnQ, layer on the sample 1A is implemented under the same conditions as

those for the MnO, layer formation process in the product process.



manganese salts; inspecting said sanpled anode foil on which said Vh02
‘layer is fornmed in accordance with a predetermnm ned i nspect &a g
determ ning whether to input said | ot of anode foil, from ctﬂ 09 npl e

is taken, to a next process based on said |nspect|on results. 2. The nethod
of manufacturl ng solid electrolytic capacitors as defined in CI aim1l,
wherein said anode foil is nade of acvalve netal, a surface of said vaI ve

nmetal is roughened, and an anodi zed FI|W]IS formed on said surface. 3. The
met hod of manufacturing solid electrolytic capacitors as defined in Caim
1, wherein said inspection nethod conprises the step of neasuring a current
flowing in said sanpl ed anode foil, onto which said M02 |ayer is forned,
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Fig. 3 shows an example of the inspection results. A curve 6 in Fig. 3 shows
the measured characteristics of the sample 1A, and a curve 7 shows the
characteristics of the sample 1A before the MnO, layer is formed. It is apparent from
Fig. 3 that the anodized film is significantly damaged as a result of forming the MnO,
layer on the surface of the aluminum foil where the anodized film is already formed.
Damage to the anodized film allows a large current to flow even if the same voltage
is applied, as shown in Fig. 3, which indicates that the characteristics of the
aluminum foil have degraded. These changes in characteristics differ among
different lots of aluminum.

The present invention thus specifies the current level (Points B and C) before
and after the formation of the MnO, layer at a predetermined voltage as shown by
Point A on the X axis in Fig. 3. Acceptable aluminum lots are identified using this
change in the current level or the upper limit of the current level (Point C) after the
formation of the MnQ, layer as a control level. Only lots determined as acceptable
are input to the next process. Those determined as defectives are rejected, and not

input to the next process.



defined in aim1l, wherein conditions for formng the M02 | ayer on a
"surface of said sanple are the sane as those for a product Jmec e
solid electrolytic capacitors. 8. The nethod of nanufacturiﬁéfsjfﬁ%?*“ﬁ*

el ectrolytic capacitors as defined in Claim2, wherein conditions for
formng the MhQ2 | ayer on a surface of said sanple are the sane as those
for a product process of the solid elgectrolytic capacitors. 17 J U N 2003
12 9. The method of manufacturing solid electrolytic capacitors as defined
in Caim3, wherein conditions for form ng the Mi02 | ayer on a surface of
said sanple are the sane as those for a next step of form ng the W02

| ayer. 10. The nethod of manufacturing solid electrolytic capacitors as

defined in %?g%&ibe‘@h%ro%,n]o?@%iéﬂ ﬁ'@%c{:ﬂdgesae B?@.dn&h %Hlﬁg%oh%ﬁﬂtson a
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99: <ghminum foil 1 is actually input to the MnQ, layer formation process which has the

largest degradative effect on the characteristics of the aluminum foil 1. A sampling
inspection of a small portion of aluminum foil 1 enables it to be confirmed that the
entire lot of sampled aluminum foil 1 is non-defective, thus safeguarding the
manufacturing yield.

Since the quality of aluminum foil within the same lot is stable nowadays,
the acceptable performance of final products may be assured by evaluating a small
portion of the samples. The first exemplary embodiment describes the case of
sampling one piece. To assure an even higher yield rate, test pieces may be sampled
from several areas of the foil.

The first exemplary embodiment also describes the case of forming the
MnO, layer as a base layer for the conducting polymer layer. However, other than
MnQ,, conductive or semiconductive metal oxides including tin, zinc, tungsten,
nickel, and vanadium may be used independently or as composite oxides for the base
layer. If an non-aqueous solvent is used, a highly cor}ductive metal oxide such as

ruthenium oxide may also be used.
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Second exemplary embodiment

A second exemplary embodiment is described with reference to Fig. 4. A
point which differs from the first exemplary embodiment is an inspection method of
the sample 1A sampled from each lot of aluminum foil 1. Other points are the same
as those in the first exemplary embodiment, and thus only the point different is
described below. Descriptions of other points are omitted.

The concept of the inspection method is the same as that shown in Fig 2
described in the first exemplary embodiment. In this exemplary embodiment,
however, a predetermined current is applied between the sample 1A and cathode
plate 3 for a given period of time, and final voltage is measured.

Fig. 4 shows an example of measurement results. A curve 8 shows the
characteristics of the sample 1A and a curve 9 shows the characteristics of the sample
1A before forming the MnO, layer.

It is apparent from Fig. 4 that the anodized film is significantly damaged as a
result of forming the MnO, layer on the surface of the aluminum foil 1 where
anodized film is already formed. Withstand voltage of the aluminum foil thus drops
even a steady current is applied. The second exemplary embodiment thus specifies a
voltage level (Points B and C on the Y axis) before and after forming the MnQ, layer
during the given length of time as shown by Point A on the X axis in Fig. 4. This
change in the voltage level or a lower limit of the voltage level (Point B) after the
MnO, layer is formed is used as a control point for making decision. If the lot of
aluminum foil 1 is determined as acceptable, this lot is input to the next process.

Those determined as defectives are rejected and not input to the next process.
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As described above, the method of manufacturing solid capacitors of the
present invention samples a part of a lot of anode foil to be input to the MnO, layer
formation process , which has the largest degradative effect on the characteristics of
the anode foil in a series of manufacturing processes, before inputting the anode foil
into this MnO, layer formation process. This sample goes through a predetermined
inspection after the MnO, layer is formed, and whether the lot of sampled piece is
input to the next process is determined based on this inspection results. Since a
degree of degradation in characteristics of the anode foil during the MnO, layer
formation process is confirmed to be negligible before the anode foil is actually input
to the MnQO, layer formation process , the present invention enables the
manufacturing of solid electrolytic capacitors having both stable performance and

quality at good yield.
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Reference numerals

1 aluminum foil

1A sample

2 electrolytic solution
3 cathode plate

4 test vessel

5 power source

6,8  characteristics after forming the MnO, layer

7,9  characteristics before forming the MnO, layer
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Claims:

1. A method of manufacturing solid electrolytic capacitors
comprising:

sampling a part of a lot of anode foil for solid electrolytic capacitors;

forming a MnQ, layer on a surface of said sampled anode foil by
immersing said sampled anode foil into a solution containing dissolved manganese
salts, removing said sample from said solution, and thermally decomposing said
manganese salts;

inspecting said sampled anode foil on which said MnO, layer is
formed in accordance with a predetermined inspection method; and

determining whether to input said lot of anode foil, from which said

sample is taken, to a next process based on said inspection resuits.

2. The method of manufacturing solid electrolytic capacitors as
defined in Claim 1, wherein said anode foil is made of a valve metal, a surface of

said valve metal is roughened, and an anodized film is formed on said surface.

3. The method of manufacturing solid electrolytic capacitors as
defined in Claim 1, wherein said inspection method comprises the step of measuring
a current flowing in said sampled anode foil, onto which said MnQO, layer is formed,

when applied voltage is swept at a constant rate in an electrolytic solution.

4. The method of manufacturing solid electrolytic capacitors as

defined in Claim 2, wherein said inspection method comprises the step of measuring
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a current flowing said sampled anode foil, onto which said MnO, layer is formed,

when applied voltage is swept at a constant rate in an electrolytic solution.

5. The method of manufacturing solid electrolytic capacitors as
defined in Claim 1 , wherein said inspection method comprises the step of measuring
final voltage when a constant current is applied to said sampled anode foil, onto
which said MnQ, layer is formed, for a given period of time in an electrolytic

solution.

6. The method of manufacturing solid electrolytic capacitors as
defined in Claim 2 , wherein said inspection method comprises the step of measuring
final voltage when a constant current is applied to said sampled anode foil, onto
which said MnO, layer is formed, for a given period of time in an electrolytic

solution.

7. The method of manufacturing solid electrolytic capacitors as
defined in Claim 1, wherein conditions for forming the MnQ, layer on a surface of
said sample are the same as those for a product process of the solid electrolytic

capacitors.

8. The method of manufacturing solid electrolytic capacitors as
defined in Claim 2, wherein conditions for forming the MnQO, layer on a surface of
said sample are the same as those for a product process of the solid electrolytic

capacitors.
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defined in Claim 3, wherein conditions for forming the MnQO, layer on a surface of

said sample are the same as those for a next step of forming the MnO, layer.

10. The method of manufacturing solid electrolytic capacitors as
defined in Claim 4, wherein conditions for forming the MnO, layer on a surface of
said sample are the same as those for a product process of the solid electrolytic

capacitors.

11. The method of manufacturing solid electrolytic capacitors as
defined in Claim 5, wherein conditions for forming the MnO, layer on a surface of
said sample are the same as those for a product process of the solid electrolytic

capacitors.

12. The method of manufacturing solid electrolytic capacitors as
defined in Claim 6, wherein conditions for forming the MnQO, layer on a surface of
said sample are the same as those for a product process of the solid electrolytic

capacitors.



