[ Docunent Title] Specification [Nanme of [nvention] ALUM NUM PLATE FOR
ALUM NUM ELECTROLYTI C CAPACI TOR ELECTRODE, ALUM NUM ELECTROLYTI C

CAPACI TOR, AND PROCESS FOR PRODUCI NG ALUM NUM ELECTROLYTI C CAPACI TOR 5

[ Technical Field] [0001] The present invention relates to an al um num
plate for an alum num el ectrolytic capacitor el ectrode, an al um num

el ectrolytic capacitor, and a nethod for manufacturing an al um num

el ect r ol yiDocumapEitkepr . SpecifiBatedogr ound Art] [0002] The increasing

mul ti-functionality of cellular phones is representative of the increasing
vol ume of[NafieUfTaVémibnp AIGERENOD | IPILATENFQRAr ALUMINUMI | BLE€TROQYTUCT Or
processi ng performance has increased, capacitor performance has not kept
pace 1n r@&ﬁ&@?ﬁ)dlzl%ﬂﬁﬁr@éﬁg, TREUMN%@\S el ECTROPATRE WRIPACARTS! NOND
performance cou be referred to in other words as an increase in

processi rof.r se in
eIectricg%«@ggiiFpgﬁggﬁﬁékggg%gtpgpgﬁﬁﬂEﬁ&ﬁ@*ﬁﬁgyﬁﬁggggggg%{ processi ng
electrical_ current at high frequencies. For exanple, tantalumelectrolytic
capacpt orldegical&dgld} n npst cellular phones at present. These tantal um

el ectrolytic capacitors have a |l arger electrical capacitance 20 than

al umi num el ectP@#llyti c capacitors in | owfrequency regions, but capacitance
greatly decreases in high-frequency regions due to factors based on the
sintered strudhergeseht ineaton eelp@eitd ansalamthuhalplae $hoad ahfmihine electrolytic
characteristics that are actually needed. [0003] On the other hand,

convent i QBgdcitsPblelraleUsR Al fhA GldcRbitit CaRREE 1ah@aSn@h&d Fi?GaRARIcRiring anOf
obtai ning greater electrical capacitance than tantalumelectrolytic

capacit Oraﬁlmiﬁﬂﬁ%letcprf}ﬂ/gg caﬂacﬂor.

10  [Background Art]

[0002]

The increasing multi-functionality of cellular phones is representative of the
increasing volume of information processing in recent years, but while semiconductor
processing performance has increased, capacitor performance has not kept pace in response

15  thereto. The increase in information-processing performance could be referred to in other
words as an increase in processing electrical current at higher frequencies. An increase in
electrical capacitance is essential for handling increases in processing electrical current at
high frequencies. For example, tantalum electrolytic capacitors are used in most cellular
phones at present. These tantalum electrolytic capacitors have a larger electrical capacitance

20  than aluminum electrolytic capacitors in low-frequency regions, but capacitance greatly
decreases in high-frequency regions due to factors based on the sintered structure of these
capacitors and falls short of the characteristics that are actually needed.

[0003]

On the other hand, conventional solid aluminum electrolytic capacitors are incapable

25  of obtaining greater electrical capacitance than tantalum electrolytic capacitors. Even though



t he high-frequency characteristics are better than in tantal umelectrol ytic
capacitors, conventional solid alumnumelectrolytic capacitors cannot
handl e | arge electrical currents in ' high-frequency regions. The al um num
‘material used in these alum numelectrolytic capacitors is usually nolten
alum numthat has a purity of 99.9% or nore by nass and that is 5 made into
a slab by sem -continuous casting. A product having a thickness of 0.05 to
0.12 mmis conpleted after facing, honobgenizing treatnents, hot rolling,

and, as NeGRS SRS frequRAOC ERRaEIBA] iaRd bRl ah Gin! Rhlalidg - cdBPEAEl daBaciBrs) he
maker, the surface area is then enlarged by alternating or direct current

ina step rc%ﬁ@ernﬁ&%l E&id?a?u&ﬁﬁ%rﬁx@é&ﬁol" i?éép%&tomaﬁﬂoﬁan&é ek R dctrical duri@hts $n

formed on the surface in a chemcal formation step, and an el ectrode for an

10 e ect  olhl RehBRB WA, | STaANGH, mHBBCLEA ! Gl SRRAGHS MRoGhe 2

comercial a um” el"ectro ic capacitor fol nuf act ured using such

Steps | s aDLOXPNAL Gl S0l a bR EhGR R { RLinfot QPO B0 ElnLaY Ml

at 20 V by a“chenica rocess an Ai1'g age article
formed at 370, V by hem cal process. Ingcre qupa acitance ed
sol i d aSu m’ﬂ?ﬁiﬁnétf)@c’i??ibgqyﬁefn&"cﬁlg erY Brg SX Pﬁ"??‘%tf 4 lélgﬁttblact??\ee%lo @6? lhogqg%si ng
the nunber of . 15 | ayers LPQO4] The.eIchin&%in his ase ahould i nvol ve
di ssol vi ng MReS a0 & fpeing, hampePRippe TR % a8 INPBAYof t he
foil, allowi ng a higher electrical capacitance accqrdi t t he dept h of
t he etchinQ?“Bﬁ%w%H%HQEFE%Pﬂ%’B g pRPAENE G CHJR?HE%Fﬁé“ﬁ?gg &si on
of 20 etching, high electrical capacitance will not be obtainable.. Various
studi es i neslaigedy diegpating op dired| quiTaR Boheh &Hegedotonssy "efghHs, a‘?h?ﬁi ¥n
these alum numfoils are accordingly being undertaken (see, e.g., Patent
Document s Hielgetrigfilmyis forpdoarihe wo@emriam chepicablommaiopgiepa®d qumlcde fovaunent
2] JP-A 2004-149835 25 [Patent Docunent 3] JP-B 3-61333 2 ) .
10  electrolytic capacitor is fashioned. The electrical capacitance of a commercial aluminum
electrolytic capacitor foil manufactured using such steps is approximately, e.g., 100 uF/cm’
for a low-voltage article formed at 20 V by a chemical process and 1.2 uF/em? for high-
voltage article formed at 370 V by a chemical process. Increased capacitance for layered
“solid aluminum electrolytic capacitors is therefore attained by increasing the number of
.15 layers.
[0004]
The etching in this case should involve dissolving the aluminum foil and thereby
enlarging the surface area of the foil, allowing a higher electrical capacitance according to
the depth of the etching, but when etching pits become connected during the progression of
20  etching, high electrical capacitance will not be obtainable. Various studies involving, e.g.,
controlling components other than aluminum in these aluminum foils are accordingly being
undertaken (see, ¢.g., Patent Documents ‘1, 2,3,4).
[Patent Document 1] JP-A 6-181146
[Patent Document 2] JP-A 2004-149835

25 [Patent Document 3] JP-B 3-61333



[ Patent Docunent 4] Japanese Patent No. 3393607 [Disclosure of the
“Inventjon]. [Problenms the Invention |Is I'ntended to Solve] [0005] 5 However,
even the alum num foils disclosed in the aforenentioned patent docunents
have not reached the point where etching can be made to proceed deeply
enough to obtain high electrical capacitance and sol ve the aforenentioned
probl enms of solid alum num electrolytic capacitors. A | arge nunber of

| ayers nust therefore be used when structuring solid alum numelectrolytic

capacitors. Pr ot{pﬁgyﬁ]joh%g{tqyeapa,gés§patbrm¢g1§§93ghp capacitor is large 10 in
the hei ght di mension, and user demand for thinner products cannot be

addr essed. @&%@ch -Eweﬁ’%ﬁmﬂgad is conventionally joined using, e.g., the

surface of e anode Pro therefore arise in that the high-frequency

characteri s o ﬁ]erlﬁ %9 I%)Kntgﬁ({ ?ji% gan@e factors i nh_er ent in this

confi gurat| e nu r of layers is increased. 15
Pr obl ens have alfﬁ(ﬂ) arl sen in that when the anode lead is joined to, e.g.,
t he surface of anode that portion will no | onger provide electrical

capaci t ance. of t e..proble i s.an .obje of the
pr gsent %I nvent i gﬁ”{e e ?"89.“%5‘%1&1“% ﬁﬁ ﬂg ngé ?%Fené?ﬂtlﬁl?eﬂrﬁaﬁﬁﬁ‘gocumems

el ectrolytic ca el ectr e aIu electro a i tor,
and et hod HAF nﬁtarﬁefﬁiai#mwfg FE A EAR B B8 mcrfei @egaimn%%% Breiein ||
al l ow increased capacitance, reduced Si ze and i np éJrequency

char act er | St SlepiFcalncapagiianrs and éPJé(EttP%IaﬁTFIE“E’QB% Pf St vi ng

t he Probl ens] 0008] 3 The resent inventors di scovered that an el ectrode
mat eri al f cﬁlecgo igy GeRagisHei alqegs, number of layers must therefore be used when structuring

solid aluminum electrolytic capacitors. Problems therefore arise in that the capacitor is large
10  in the height dimension, and user demand for thinner products cannot be addressed. |
[0006]
The anode lead is conventionally joined using, e.g., the surface of the anode.
Problems therefore arise in that the high-frequency characteristics are reduced by structural
factors inherent in this configuration to the extent that the number of layers is increased.
15  Problems have also arisen in that when the anode lead is joined to, e.g., the surface of the
anode, that portion will no longer provide electrical capacitance.
[0007]
In light of these problems, it is an object of the present invention to provide an
aluminum plate for an aluminum electrolytic capacitor electrode, an aluminum electrolytic
20  capacitor, and method for manufacturing an aluminum electrolytic capacitor that will allow
increased capacitance, reduced size, and improved high-frequency characteristics in an
aluminum electrolytic capacitor.
{Means for Solving the Problems]

[0008]



smal | -sized solid alum num el ectrol ytic capacitor having good

hi gh-frequency characteristics can be inplenented by fashioning an

al um num sl ab, which is 99.98% pure or nore by nass, contains 5 to 50 ppm
of Fe, and is manufactured by continuous casting or sem -continuous 5
casting, into a 0.2 to 1-mmthick plate using proper heat treatnents and
rolling; etching the plate using alternating current or direct current
until the average thickness of a core part reaches 50 to 150 pm and

al | owi ng an anodpeladnt @vdifork AlsB&Rrddons nSAkHE Graliial FF H1§?nc Heifince,

| ateral face of the core part. The inventors subsequently su ted the

present applyf@litddiolid SR8 %éeéulg 0 Eﬂ%ﬁﬁd@%&lﬁ% g&&@ﬁgﬁ-ggcﬁ%%c ] éﬁ!ﬁ@&gﬁgst e

i nvolves, first, optimzing t um num purit tent,
total conte f Cr. ' 9] d rientation
content .t rah eBmEEHSHEL LY A8Mofh B AGLBILAES WhERTE oo A0 FOS: SIS,
j oi ned. The es i nvention also involv causing the thickness to be
02" o 1 R Er oy P B 6 rad i Pebe Rty SRR, ol SRRl Rs
performng deeper et gin . _Char ac rist;c results of conhini.ng 15.these
Cont § gurar SREE S B AL A mir b Pinatie fubG e fsthulord PhfGeidine Fhe
ability to join the |ead wire or other anode lead to a lateral face of the
core part. Iilﬁfﬁ T5ine AtHAlng FHTRY AR giest Curerd UlL the FVEaRs drekness o angpre part
di rect-current etchina. Al ternating-current eLchingUAs used when
manuf act ur i eFhes POR- B gad allayinshahsneieked & bajpined fap kapwis pothe likpena] | n
fields in which such alternating-current etching is used, the alum num
plate for daterahfagapitbarat set r Bojnyataaphesqerlysnbaitied the rrsedregplirgtion t he
present invention is characterized in conprising alum numof not |ess than
99. 98% by mass, [B#9%e content of 5 to 50 ppm w th 4 the bal ance consisting
of unavoi dable inpurities, wherein the total content of crystallized or
preci pilttat ed Fe Ihother word5,086 pesenhmventiogiimalverdirstppptemizing the aluminum purity,
the Fe content, and the total content of crystallized or precipitated Fe or the cube orientation
content, thereby allowing deep etching without the etching pits being joined. The present
invention also involves causing the thickness to be 0.2 to 1 mm, whereby a high electrical
capacitancé is obtained by performing deeper etching. Characteristic results of combining
15  these configurations are the ability of the core part to remain thick and the ability to join the
lead wire or other anode lead to a lateral face of the core part.
[0010]
The etching may be alternating-current etching or direct-current etching,
Alternating-current etching is used when manufacturing a low-voltage aluminum electrolytic
20  capacitor.
[0011]
In fields in which such alternating-current etching is used, the aluminum plate for an

aluminum electrolytic capacitor electrode according to the present invention is characterized

in comprising aluminum of not less than 99.98% by masé, an Fe content of 5 to 50 ppm, with



[0012] An alum numelectrolytic capacitor according to the present
inventjon.is 5 characterized in conprising alum numof not |ess than

99. 98% by nass, an Fe content of 5 to 50 ppm with the bal ance consisting
of unavoidable inpurities, wherein the total content of crystallized or
precipitated Fe is 1 to 15 ppm [0013] The thickness of the al um num pl ate
in the present invention is preferably 0.2 to 1 10 nmm [0014] An al um num
el ectrolytic capacitor according to the present invention is characterized

in conpri siRdbAafcdRakistiof oPRAYEIdhBle WEHlie @ ik diiine WihIR ARt df%g%%aﬁ%&’ 080 as
to |eave a core part having an average thickness of 50 to 150 cn in the

central pog)trécﬁm’{aj[eal:te}?sel ﬂo%ob/ﬁ‘&ﬁﬁé'&@naqﬁ'ﬁég&k&ﬁ.n’ in which a dielectric film
and a solid el'ectrolyte layer are Tormed on at |east the etching surface,
and in which th%xﬁbtninunlplate i s conmposed of alum numof not |ess than
99. 98% by mass, "an Fe content of 5 to 50 ppm wth the bal ance consisting

of unavoidable ,imurities, . and has a total content qf crystallized or
precipitated Fe 0 ailj 'S O%ec%(ﬂyttl%ecag?‘%ﬂﬁf n&° 1engcg(r)lt gjrelt pée\én%jttamtvﬁrl%% Xness of

0.2to and.an.anode.lead that i 0 electrigal ly connecte 0. 1 he
core part | GPEETIEE S0 A e R oot 784 ot Do ot asEcitn it ptieat St S
capacitor according.tfo the present inventign.is characterized

conpri si ng 1558 zRB‘é‘cg’f‘E Phe.FRlaee Fonsiipe At W VaKARF HEPHBICS vieTeLn fednateants o
| eave a core part. having.an average thickness of 50 to 150 pmin the
central poroefp}aﬁaihﬁe%wrwwamd@mg@ I3inPBEtion, in which a dielectric film
and a solid electrolyte layer are formed on at 5 |east the etching
surface, and i nldMBLth the alum numplate is conposed of al um num of not

| ess than 99.98% by nass, an Fe content of 5 to 50 ppm w th the bal ance
consi sting of The thickness of the aluminum plate in the present invention is preferably 0.2 to 1

10 mm.

[0014]

An aluminum electrolytic capacitor according to the present invention is
characterized in comprising a capacitor anode in which an aluminum plate is etched so as to
leave a core part having an average thickness of 50 to 150 um in the central portion in the

15  thickness direction, in which a dielectric film and a solid electrolyte layer are formed on at
least the etching surface, and in which the aluminum plate is composed of aluminum of not
less than 99.98% by mass, an Fe content of 5 to 50 ppm, with the balance consisting of
unavoidable impurities, andA has a total content of crystailized or precipitated Fe of 1 to 50%
of the original Fe content and a thickness of 0.2 to 1 mm; and an anode lead that is

20  electrically connected to the core part of the capacitor anode.

[0015]

An aluminum electrolytic capacitor according to the present invention is
characterized in comprising a capacitor anode in which an aluminum plate is etched so as to
leave a core part having an average thickness of 50 to 150 pm in the central portion in the

25  thickness direction, in which a dielectric film and a solid electrolyte layer are formed on at



unavoi dabl e inpurities, and has a total content of crystallized or
precipjtated Fe of 1 to 15 ppmand a thickness of 0.2 to 1 mm and an
anode l'ead that is electrically connected to the 5 core part of the
capaci tor anode. [0016] In the alum numelectrolytic capacitor according
to the present invention, the etching is preferably perforned over the
entirety of the front and back surfaces of the capacitor anode. 10 [0017]
In the present invention, the anode lead is preferably joined to a | ateral

face of thee,¢EtMd surfedPhit] B Wikivh e APEnGAREA EQUnPRRERS aRhfn@l Shot
preferably layered together. [0018] A nethod for manufacturing an al um num

el ectrol yt il%ﬁ%&‘?@bb@% @Fl(rr\]&%sdgrp?e tBnteiiCof 4% B ?ﬁrﬁxn%th E BLARE cbﬁSistin% r?g

characterized in conprising performng alternating-current etching

| ; h ; . Lum B Co _
o mun of URGHtUE B BIHES o4 nBhs R TP & Bsfil of drechiGEROSEE P15
w th the bal ance, cqnsi st i

of . unavoidabl e i ri.ties, .and which E a -
total cont o A L IGNEIf Do ™k A0 Bt piskie (R aas s GeeriGily giitistied Wike
original_ Fe content and a thickness of 0.2 to |l nm so as to | eave a core
part 20 %aﬁoﬁegp%‘g}lé%‘faﬁﬁcém{ ?ﬂog%ness of 50 to 150 pmin the central portion
in the thickness direction; subsequently perform ng anodi c oxidation; and
formng a capacﬂpgyﬂanode. [0019] A nmethod for manufacturing an al um num
el ectrolytic capacitor according to the present invention is characterized
in conprising pdpflsralypigun cesialitic prpagitnr aesordiag orthe gressrd iysntion) e gickiget he
surface area of an alum num plate, which. is conposed of alum num of not
| ess 6 t hap poefergBlos teyformeslsoven therentirefpit afrthe donbandob®ly gypfhses i tthe £4paciiosl ance
consi sting of unavoidable inpurities, and which has a total content of
crystallizedods. precipitated Fe of 1 '
10 [0017]
In the present invention, the anode lead is preferably joined to a lateral face of the
core part. A plurality of the capacitor anodes are also preferably layered together.
[0018]
A method for manufacturing an aluminum electrolytic capacitor according to the
15 present invention is characterized in comprising performing altemating-current etching and
enlarging the surface area of an aluminum plate, which is composed of aluminum of not less
than 99.98% by mass, an Fe content of 5 to 50 ppm, with the balance consisting of
unavoidable impurities, and which has a total content of crystallized or precipitated Fe of 1
to 50% of the original Fe content and a thickness of 0.2 to 1 mm, so as to leave a core part
20  having an average thickness of 50 to 150 pum in the central portion in the thickness direction;
subsequently performing anodic oxidation; and forming a capacitor anode.
[0019]
A method for manufacturing an aluminum electrolytic capacitor according to the

present invention is characterized in comprising performing alternating-current etching and

25  enlarging the surface area of an aluminum plate, which is composed of aluminum of not less



to 15 ppmand a thickness of 0.2 to |l nm so as to |eave a core part having
an average thickness of 50 to 150 pmin the central portion in the

t hi ckness direction; subsequently 5 perform ng anodi c oxidation; and
form ng a capacitor anode. [0020] The nethod for manufacturing an al um num
el ectrolytic capacitor according to the present invention also preferably
conprises cutting the alum numplate after the anodic oxidation, and

form ng the capacitor anode having the entire front and back surfaces 10

subj ect ed ti@ard 98 9844t B BBk NGr S&IrLRIREe 6 ShHND R, Wi RPWiaGcOtbiRtihORE
[0021] Meanwhile, direct-current etching is used when manufacturing general

riddie to bighan %%ﬂ?ﬁgé A OION SO bl e ARRARAIIRA r pREREERL bel

advant age of a ectrolyte layer to ably fornmed to

Cd | . . h : . .
ahon ot chi g ‘asitag it GG 62198 Bhy 3 oL WFickee 5008 Bivkd LEnbBR0P,
f th I | yti it [ t- ' A d
o L R e o
In fields in i.ch such d'rect-§¥rrent etchg %gks used, the alum num pl ate

for an 20 PSPOHPREATEIRLTEPH %’515%\%??38?"18? Fode according to the

pr esent inventi?g bi characterized in conprising alum num of not |ess than
99. 98% by nmss, #%e content of 5 to 50 ppm with the bal ance consisting
of unavoi dable inpurities, wherein the cube orientation Qontent,isde0@6or

more, and the tHibg@fdwd fog mgnyfagtyring applumeysm pleqtrolyficaqapaRtiqr AGSr Stic
capacitor according to the present invention is characterized in
conpri si ng PEessEipiretion adseorreferablvepaprish cattingthi luptiniue plate afierhibe asedias t o
| eave a core part having an average thickness of 50 to 150 pmin the
central poraxidsHon,nandhferming the capacitor anode having the entire front and back surfaces

10  subjected to the alternating-current etching and the anodic oxidation.

[0021]

Meanwhile, direct-current etching is used when manufacturing general middle to
high voltage aluminum electrolytic capacitors, and has the advanéage of allowing the solid
electrolyte layer to be reliably formed to a considerable depth since the diameter of the

15 etching pits is large when etching using such méthods. Depending on the desired

charaqteristics of the electrolytic capacitor, direct-current etching can therefore be used for

- low-voltage solid aluminum electrolytic capacitors, as well.

[0022]

In fields in which such direct-current etching is used, the aluminum plate for an

20  aluminum electrolytic capacitor electrode according to the present invention is characterized

in comprising aluminum of not less than 99.98% by mass, an Fe content of 5 to 50 ppm, with

the balance consisting of unavoidable impurities, wherein the cube orientation content is

80% or more, and the thickness is 0.2 to 1 mm.

[0023]



t hi ckness direction, in which a dielectric filmand a solid electrolyte

| ayer are fornmed on at 5 |l east the etching surface, and in which the

alumi num plate is conposed of alum numof not |ess than 99.98% by nass, an
Fe content of 5 to 50 ppm w th the bal ance consisting of wunavoi dable
inmpurities, and has a cube orientation content of 80%or nore and a
thickness of 0.2 to 1 mm and an anode lead that is electrically connected
to the core part of the capacitor anode. 10 [0024] In this case, as vvel |,

the etching is bief aiallon ARLLALIEdcqMBlort NEoRRtd I 81 ndT o et fiillon

back surfaces of the capacitor od en struct rrng a so ctro yt| C

capaci tor. %Qxealctegg O(fj]ﬁ con%%gil*;é Q%?%E?Jr%%&/e 1Jn Q\'rh %danta%m'ﬁlmi.ﬂ J)?:{téa s eftc%(&g Fooiﬁ tEhe

core part. ura acitof ano r ef ay ered

h 002 L
capacitor @ &%ﬁ%%ﬁmg sy B 18 0L DR b

conpri si ng di rect curr et.chi enl.ar rface
area of an '5!0 g'ﬁ?‘g'loﬁtlﬁw ﬁle e§ r’(‘f Hﬁ’o@g% S(S’Pgﬁ}e lmﬂ?ﬁ?aﬁ%@e s¥ #than
99.98% by mass,. an Fe content of 5 tq 50 ppm h the b e .consj sting
of 20 ﬁ%voﬁee%meeet?hﬁ&ﬂfia?eegn g #W?lﬁ%zgma Pgﬁ‘blé campg%??é’? PE‘H’”&‘B‘%P Bt of

80% or nore and a_ thickness of 0.2 to so as to | eave a core, part
havi ng an a'¢&r g 9P AR CIhIemassean 5o GPBtell“S‘({f 5 éﬂns@ RPIh Witk dhg Pé‘?-ncﬁcﬁomlﬁﬁgﬁf t he
t hi ckness direction; subsequently perform ng anodic oxidation; and form ng
a capaci t oringeideble [rapwises, nd hes Frestecuientstiomeentana ef B0% g meie and @ihigkagss
el ectrolytic capacitor according to the present invention also preferably
conpri ses ceft@2rig 1t ey, ahdish rnedeplead shagfis electribalyagrodeated toxibdaoreopart efthe
form ng the capacitor anode having the entirety of front and back surfaces
subj ect ed tapaditer ghodect - current etching and the anodic oxidation.

10 [0024]

In this case, as well, the etching is preferably performed over the entirety of the front
and back surfaces of the capacitor anode when structuring a solid electrolytic capacitor. The
anode lead is preferably joined to a lateral face of the core part. A plurality of the capacitor
anodes are also preferably layered together.

15 [0025]

A method for manufacturing an aluminum electrolytic capacitor according to the
present invention is characterized in comprising performing direct-current etching and
enlarging the surface area of an aluminum plate, which is composed of aluminum of not less
than 99.98% by mass, an Fe content of 5 to 50 ppm, with the balance consisting of

20  unavoidable impurities, and which has a cube orientation content of 80% or more and a
thickness of 0.2 to 1 mm, so as to leave a core part having an average thickness of 50 to 150
um in the central portion in the thickness direction; subsequently performing anodic

oxidation; and forming a capacitor anode.

[0026]



5 [0027] The nethod for manufacturing an alum num el ectrol ytic capacitor
according.to the present invention also preferably conprises joining an
anode lead to a lateral face of the core part. The lateral faces of the
core part are not intended to provide electrical capacitance; therefore,
unli ke cases in which the anode lead is joined to the surface of the anode,
the 10 situation in which the anode-lead joining |ocations do not provide
el ectrical capacitance can be avoided. Deterioration of high-frequency

characteristics 1dendtRodfor Wedntfathurih@ e Qushifim tREtwolPRE Edp%if%r Ewordlﬁérw thd
anode | eads can al so be avoi ded even when using nunerous | ayers

entirety ofy rEQ?tqu%{onazp%t gﬁg%%lﬁ% ggxglgf?%s Q:ﬁt{ngeth@l n ﬁtaﬁexj Seehohed.

wher eby t he m num tively, erefore

el ect i cal gaRBEh tAIGELGAR NS, gggfa%tha%ﬁl ttﬁgrﬁ’t?%tpr §:028had il fiaiist hod

for manufacturing an aluntnum apac according

pr esent |nve fian aser wel ding .s ed when joining the anode
lead to the %?gwkegg%%c%§ﬂ¥ h%%@%“ﬁ% %“#§§8r wel ding is used, the
spot ca be foc#ﬁﬁgaaccordlng to the 20 thlckness of the lateral face of

t he cor part ielectric filmwll not be present on the |ateral face
of the core part_in this case |f the lateral face is. cut after anodic
oxi dation, but it'qhe "é‘?’i‘b‘lﬁs H%‘E?‘B’r‘fs’» PIS AHEY G ﬁgatr catpﬁ‘"étOF A0FPE futE of
the core part is exposed, the dielectric, filmcan be formed on the |ateral
face of t hepresswénmgtm algQ PRRErably famprisessjoining asranedaslead fodaleral fRes of the oorey be
performed after the dielectric filmhas been renoved fromthe |ateral face
of 9 the d¥ite Dirlateraghfaces g the aed BATherediof dvendefi do prviderplaciricahepppsitanegiode
| ead to be L0|ned even when the dielectric filmis fornmed on the lateral-
face of theheefore, palie cds@y inewhible sher 4ot dead s jeined Br oisndack of [ig2gidestheF| G
1] is a diagramthat displays a cross-sectional photograph after performng
10  situation in which the anode-lead joining locations do not provide electrical capacitance can
be avoided. Deterioration of high-frequency characteristics due to structural factors at the
portions for joining anode leads can also be avoided even when using numerous layers. The
entirety of the front and back surfaces of the aluminum plate is etched, whereby the
aluminum plate can be used effectively, and therefore electrical capacitance can be increased
15  thereby.
[0028]
In the method for manufacturing an aluminum electrolytic capacitor according to the
present invention, laser welding is preferably used when joining the anode lead to the lateral
face of the core part. If laser welding is used, the spot can be focused according to the
20  thickness of the lateral face of the core part. The dielectric film will not be present on the
lateral face of the core part in this case if the lateral face is cut after anodic oxidation, but if
anodic oxidation is performed when the lateral face of the core part is exposed, the dielectric

film can be formed on the lateral face of the core part, as well. In this latter case, laser

welding may be performed after the dielectric film has been removed from the lateral face of



alternating-current etching on an alum num plate for an al um num

el ectrolytic capacitor electrode according to Enbodi nent 1 of the present
invention; [FIG 2] is a descriptive diagramthat shows a condition in

whi ch an anode | ead has been attached to a lateral end part of the core
part of the alum numelectrolytic capacitor 10 electrode according to
Enbodi nent 1 of the present invention; and [FIG 3] is a graph that shows
- the relationship between the CV product and the total content of '

crystallizege %reRfaﬁ,CinRilé_s%} Qi AWRMEL BSte Lot BAP AL HBAL 1chd ¥ b REndAr &IENT
invention. [Key] [0030] 15 1 Alum num plate for an alum num el ectrol ytic

capaci tor L.3G:.0l Lateral face 5 Weld
part 20 GQFSQ'&%?ggdﬁgggé%wgggaéaﬂgéﬁ%ﬁgﬁgO%g§§%%gmﬁnvention] [ 0031]

Descri bed | o . ' .corresponding to cases in which
alternatin -rgg?%%ﬁ?%gFgﬂpﬁgﬂ%gnlg | oyed as the etching treatnent and
enbodi nent s cor%gﬁgﬁnding to 25 cases in which direct-current etching is
enpl oyed as the ing treatnent. 10 [0032] [Enbodi ment 1] (Basic .

Confi gurati on) gﬁ% resent, aspect corresponds to cases in which .

2l er nat g cur Eelk HA0E f iegtrd s SRSy aosTiretoar, RRoiosr) A herfprie

alum numelectrolytic capacitor el ectrode_ ac ordiq%n, } .
alternating-current etching on an aluminum plate for an aliminum electrolytic capacitor

electrode according to Embodiment 1 of the present invention;
[FIG. 2] is a descriptive diagram that shows a condition in which an anode lead has
been attached to a lateral end part of the core part of the aluminuxﬁ electrolytic capacitor
10  electrode according to Embodiment 1 of the present invention; and
[FIG. 3] is a graph that shows the relationship between the CV product and the total
content of crystallized or precipitated Fe according to Embodiment 1 of the present invention.
[Key]
[0030]
15 1 Aluminum plate for an aluminum electrolytic capacitor electrode
2 Core part
3 Etching-pit part
4 Lateral face
5 Weld pai’t
20 6 | Lead wire
| [Best Mode fof Carrying Out the Ihvention]
[0031]
Described below are embodimenfs corresponding to cases in which alternating-
current etching is employed as the etching treatment and embodiments corresponding to

25  cases in which direct-current etching is employed as the etching treatment.

10



to the present aspect conprises alum num of not |ess than 99.98% by nass,
an Fe content of 5 to 50 ppm with the bal ance consisting of unavoidable
|npur|t|es wherein the total content of crystallized or precipitated Fe
is 1lto 50%of the original Fe content, and the thickness is 0.2 to | nun.
10 [0033] Wen a solid alum numelectrolytic capacitor is manufactured
using such an alumnumplate, alternating-current etching is first
performed and the surface area of the alumnumplate is enlarged so as to
| eave a core par@mb?V|ng an average thickness of 50 to 150 min the
central portion’in the thickness direction, after which anodic oxidation is
15 perforned, a BodiApaght or anode is forned [0034] FIG | shows a
cross-secti onal pﬁbtograp in which alternating-current etching has been

performed on an Q%%}B e 1 so as to | eave a core part 2 having an
aver age thickn g%yg; 1gﬂbn t he central portion in the thickness

a L?#LL%”@ 2{‘2 e cspris S5 O Socet o R op “wEY e Bge gl iy

F th t f t
s, 30 PO g eyt L BT BT Mgl S5 LR
o e Tl e e i e B
ppm or |ess of_ Zr pmor |less of other individual 25 element
[0035] The @lﬁQrﬁpﬁuwg thethalancs consigiing Qfppwidable impuntissavhergiritheie ?Pmeé‘ﬁd a

dielectric filmis formed on the_alun1nun1ﬁlate 1, after which the al um num
plate 1 is owtystallizad pr erse@ipitaiestiFasisdeto S0¥sofne argingl Fe sontapaaid e thisksess is n
which the entirety of the front and back surfaces of the 5 alum num plate
1 have bee®3@bjmmt ed to alternating-current etching and anodi c oxidation

10 [0033]

When a solid aluminum electrolytic capacitor is manufactured using such an
aluminum plate, alternating-current etching is first performed and the surface area of the
aluminum plate is enlarged so as to leave a core part having an average thickness of 50 to
150> um in the central portion in the thickness direction, after which anodic oxidation is

15 performed, and a capacitor anode is formed.

[0034]

FIG. 1 shows a cross-sectional photograph in which alternating-current etching has
been performed on an aluminum plate 1 so as to leave a core part 2 having an average
thickness of 100 pm in the central portion in the thickness direction, and in which etching-pit

20  parts 3 have been formed. The aluminum plate 1 comprises, e.g., aluminum of not less than |
99.98% by mass, 30 ppm of Fe, with the balance consisting of unavoidable impurities,
wherein the total content of crystallized or precipitated Fe is 5% of the original Fe content,
and the thickness is 0.35 mm. The elemental content of the impurities is 35 ppm of Si, 1.5
ppm of Ni, 1 ppm or less of Ti, 1 ppm or less of Zr, 2 ppm or less of other individual

25  elements.
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can be obtained. [0036] A lead wire or other anode lead is joined to a

| ateral face of the core part 2 of the capacitor anode. FIG 2 is a
descriptive diagramthat shows a condition in which an anode 10 | ead has
been attached to a lateral end part of the core part of the al um num

el ectrolytic capacitor electrode according to Enbodi nent 1 of the present

i nvention. As shown in FIG 2, a lead wire 6 or other anode lead is joined
to a lateral face 4 of the core part 2 of the capacitor anode, which is
sandwi ched by t @ngchlng pit parts 3 formed on the aforedescribed
alum num plate By alternating-current etching. The joining method is 15

pref erably L asermnegh iy b llist RficepAlo dhafE S LACHGERGLe g ! har

t he t hi ckness of e cor cal aneter

| Lm [ 0037]fﬂnnqeélso(r)1lt %d algxlmenCt rﬁia{cgtleai%e %rﬁ{ h tllze athfrgl?lmfnoﬁaqeg Al {o@ gslz!ﬁlge%c Of the

capaci tor orne e Surface of

solid electyolyte |ayer S|n pa 20. silv ast

li ke; and ?{ lg,r%éaé)agf]quag de ’insaklugf ﬂ’gaen§lﬁ?%{)?gg’(?rff%]éﬁn§% %?eseqf ﬂé‘? rode
articles ar thenla red and | um num el ec ro tlc apa is
manuf actur «?@*‘mp’t‘mlpé 3@8‘? HFer‘Fg?“‘gle ‘ié‘?ﬁ actB‘grfﬁﬁﬁﬁtaFE d”‘ﬁﬂa{i‘?ﬁ num
el ectrolytic capacitor conprising the capacitor anodes, mhlch have t he

di el ectric PpPaPABed he solid electrolyte layer fornmed on at |east the
etching surface, and the anode | eads, which are electrically connected to
the core 25 pal9®6bf the capacitor anodes. 12 [0038] The order of the
steps perforned after the formation of the capacitor anode may be changed

dependi ng on t hé lskhpiret othise arddedeadgddoingsiito 4 boierrl depetdidhaprd@art dpf tho a

| ateral face of the core part of the capacitor anode is preferable in all
cases. 5 [@@@@jtor anode. FIG. 2 is a descriptive diagram that shows a condition in which an anode

10  lead has been attached to a lateral end part of the core part of the aluminum electrolytic
capacitor electrode according to Embodiment 1 of the present invention. As shown in FIG. 2,
a lead wire 6 or other anode lead is joined to a lateral face 4 of the core part 2 of the
capacitor anode, which is sandwiched by the etching-pit parts 3 formed on the
aforedescribed aluminum plate by alternating-current etching. The joining method is
15 preferably laser welding in which the spot diameter is focused to less than thé thickness of
the core part. A practical spot diameter is 20 to 100 pm.
[0037]
A solid electrolyte layer is then formed on the surface of the capacitor anode, after
which aicathode is formed on the surface of the solid electrolyte layer using a carbon paste, a
20  silver paste, or the like; and an electrode article is formed. A prescribed number of electrode
articles are then layered, and a sdlid aluminum electrolytic capacitor is manufactured. It is
‘accordingly possible to manufacture a solid aluminum electrolytic capacitor comprising the
capacitor anodes, which have the dielectric film and the solid electrolyte layer formed on at
least the etching surface, and the anode leads, which are electrically connected to the core

25  parts of the capacitor anodes.
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(Detailed Configuration) The purity of the alum numis 99.98% or nore by
mass when etching is so perforned wusing alternating electrical current.
When the alumi numcontent, i.e., the alumnumopurity, is less than the
lower Iimt, a variety of netal conpounds will crystallize or precipitate
to an 10 excessive degree during slab casting, honogenizing treatnents, hot
rolling, or other steps. These netal conpounds have a different electric
potential fromthe alum nummatrix, and therefore early-dissolving
portions wll be[g nore nunerous and progress excessively during
etching, the etc ?3;1% pits will be degraded, and el ectrical capacitance wl|
decrease. [004 ’ t o N e t | L L] in
the al um num i nglthgiogg%m? Ehee Q%ﬁ%l%? ag}n%{ ?le f%%&ﬂ%lgﬁ%ggl%iéaﬁ{cﬁg%% |Hx§\7?nﬁl I
increase, the pits near these co unds. wi | .coal esce duyi e i and
therefore p‘ig'tmslg?/‘\j/i(1Se erbéngrﬁf‘rt?e ?l?aﬁee%) £ ce)%(c:t&r)V}qeaip’)ust ?mélﬁgﬁee é)g? %laci[:]g)lalta%gabg%bt ance
wi || decreas Wien t he anounts of, Ti r..and. ot her inpurities increase,
def ects wi I?fe%%‘&q}i‘? p?rhofth%caé’ﬁ?@éﬁogﬁlsfﬁrfé{aplﬁr‘%d]ﬁc?fﬁ?i ng etching, dissolution
wll be i nducedréwver the entire surface, and el ectrical capacitance wl|
decrease The a of Si should be 60 ppmor |ess, and preferably 40 ppm
or less. The anobunts of N, Ti, and Zr should all be 10 ppmor |ess, and
preferably 3 ppriPsiiledsenfigrpiionhpunt s of other inpurities are preferably 3
ppmor |ess. [0041] 13 Such high-purity alumnumis nmanufactured after the
primary el ectr ol Sheiperityeatfahe ﬂ‘ﬁélﬂuﬁéé?ﬁ?%"ﬁ ohagre bytpess whey etehiag isep pefered

nmet hods and crystal fractionation nethods are widely enployed as the
refini ng messineceligmetingelecttival cpménit Wikhdgheralpminuny cateng | i@ndla auinge iydithg  Fe)
ot her than al umi num are renoved by these refining nethods. However, Fe can
be used as ialés thandire laivboljing woriyof aretal corspawnds vill anstailipaern irseipitiiegoanount s
of various elenents are therefore neasured after refining, and when the Fe
cont entld s dxessivt hiagrea dpriggsslab besting rhoumogenizing treatments, hot rolling, or other steps.

These metal compounds have a different electric potential from the aluminum matrix, and

therefore early—dissélving portions will become more ﬁumerous__ and progress excessively

during etching, the etching pits will be degraded, and electrical capacitance will decrease.
[0040]

15 When the amounts of Si, Ni, and other impurities in the aluminum increase, the
amount of metal compounds in the matrix will increase, the pits near these compounds will
coalesce during etching, and therefore pits will be more likely to collapse, and electrical
capacitance will decrease. When the amounts of Ti, Zr, and other impurities increase,
defects will occur in the oxidation film formed during etching, dissolution will be induced

20  over the entire surface, and electrical capacitance will decrease. The amount of Si should be
60 ppm or less, and preferably 40 ppm or less. The amounts of Ni, Ti, and Zr should all be
10 ppm or less, and preferably 3 ppm or less. The amounts of other impurities are preferably
3 ppm or less. | | o

[0041]
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an Al-Fe nother alloy or the like is added to the nolten netal during slab
‘casting, whereby the Fe content is adjusted. The Fe content should be 5 to
50 ppm Controlling the anbunt of crystallization and precipitation within
the appropriate range is difficult when this value 10 exceeds the upper
limt, and pit collapse due to [netal] conmpounds will becone nore

prom nent. Conversely, pit starting points will be too few when the anount
is less than the lower limt; therefore, electrical capacitance wll

i nst ead decr eas&ucThgh AlufnufEis i IREGredRfRE e dRiarPelbrohRicRadal Ha0042]
15 Controlling the E% ?gﬁt%gnt arllld tshe t ot afe conten?)piof crystog}lQl i zed or

preci pi tat eglefrfetingd. PRGEI4EE ééétﬂélﬂﬁ@%ﬁo%%n&"@&&aﬁﬁ&ﬂ&%ﬁoﬂﬁieﬂﬁd@%%i@n%% ing

current. Crystals and precipitates containing Fe include, e.g., :

Al6Fe, Al 3F 1@3163(3 fhe r@%ﬁiﬁé 5’3@;‘?9 8%&%?1%}1%&&: S’I‘Eg %{1’1 &eﬁlerﬁéﬁtsl (mcﬁ_}%lig)%%%e nce,

"m' is a nunber” other tha enent” ot an

Fe. Th f | i zed . LDi d

e ol AN SRS CEABLEL L 8 RSB B 5 bRy
d t tal. d i || b ] i t the t | t ent
e 0. B2 A TRl SSE unB 0 LS hflff o

startin ojnts will b oo f.ew when .th unt is.less than the | ower
o bR measit e iR R bR i R fteh SHssS 1 AR EdTEAUR AFpiut
manuf acturin t hod i g, not rticularly limted as concerns controllin
the total %?ﬁ%m tﬂe&%gtoaﬂhqq%ds eﬁﬁ%éeﬁmlﬁpéwiém%ﬂ@mwhﬁw )

i ncl ude manufacturing the slab using a _rapid-cooling solidifying apparatus
14 such as the Bretanteahisadiusted, g Egcop tsr]f’éPg‘IbeédBISP RBMs FaBielling the pyowgof s
and using only subsequent cold rolling to provide a prescribed thickness
for etchi ngrysllizebem gathiprcinifation within- the mppienos rgnge 48 [iffpyh when ghis value
tenperature of 530C or nore, manufacturing a plate using hot rolling so
that tAE€ nwrireds dfe pppss dignit, eaqdipitcoliapye thire to[metel] tcompeunsh wiebacempanaie ur e
region 5 of 300 to 400Cis 2 or less, and preferably 1 or |less, and using
only col d rodthineg. tGonpersaly,det dartipg paats ivhl de tidvi Thness thoamednt fs lags thdnethe
hot-rolled plate. The total content of crystallized or

lower limit; therefore, electrical capacitance will instead decrease. The amount of Fe is more

preferably S to 40 ppm.
[0042]

15 Controlling the Fe content and the total content of crystallized or precipitated Fe is
particularly important when etching using alternating current. Crystals and precipitates
containing Fe include, e.g., Al}nFe, AlgFe, AlsFe, Al-(Fe, M)-Si, and other metal compounds.
In this instance, "m" is a number other than 3 or 6, and "M" is a metal element other than Fe.

. The total content of érystaliized or precipitated Fe should be 1 to 50% of the original Fe

20  content, and preferably 1 to 20%. Pit collapse due to metal compounds will become more
p;ominent when the total content of crystallized or precipitated Fe exceeds 50%, while,
conversely, pit starting points will be too few when the amount is less than the lower limit;
therefore, electrical capacitance will instead decrease. The manufacturing method is not

- . particularly limited as concerns controlling the total content of crystallized or precipitated Fé.

25  Examples may include manufacturing the slab using a rapid-cooling solidifying apparatus
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precipitated Fe can be neasured by well-known anal ysis nmethods. Exanpl es of
such nethods may include dissolving a sanple in a hot phenol solution and
measuring the residue wusing an |ICP optical em ssion spectronmeter (ICP-CES
or an I CP mass spectroneter (ICP- 10 M5). [0043] The etching pits forned
by alternating current use nunerous conpounds present in appropriate
anounts as starting points for progression. Branching therefore occurs, and
the pit dianeter is extrenely narrow at several pun or |ess. Wen etching

using al terqial ia9G 9 Sddfef 8N twhidl BeCRSE Ridifig RPMING £XJ BEMHS, Yan Alsir@Vénly
dianeters will be produced in |large nunbers™ particularly when the total

content of s%%eg&é}h !cbl%l%ﬂﬁé,té’g;‘?cgiﬁ % %"re%giﬂzﬁ thitkdesd for chRYNor 3BSo@Rizing a

el ectrolytic paci t or havin product of electrical capacitance and

chem cal f %Hﬁtcj)rﬂﬂuo%gjséagﬁgs?abcaqg t p?&mi c{f??g S?Te ; 51%%81&111"5&11&%%&9&5 u%)ifr?%b €

that Fe-contarning cr S an ecl pi ectively geferate nches

duri i hi dth |

poi nt <.+ ettt BB e ineh N Rt Pl B R R o el
i pi tat I S bR Lhi . Ihi | ate ig theref ef bl. d

BeTa huver (P00 i R0"C it B Al (oo abfatingy s SRRk P Pt s oy

a vol tage of 1Qg V or |ess. QO4%%V Et chi ng usi alternati e%ﬁct ica
current is BPerp %&E‘%ﬁs tsf‘i’fa"ftLl?lﬂ%t hatg dtﬁi‘tﬁ'k stOtaE Sorg?ntt(’%g’n@ ECDAr t
reaches 50 to 150 pm An_electrolyte containing chlorine ions is %sed when
15 et chi ng RISt Fermmbr decasurd dit welkikaowh anglyib stethofs-et el
should be 2 or nore. The first stage involves, e.%., flowing an |
al t er nat i ngnehedstmaydeglude disselvingtespmply ia arhet phenelaplptinn gad measprirgthe graidus t y
for a short period of tinme and form ng nunerous initial pits. In the second
and subsequeig ast1&§eptical efmigsiaadspeeirameter(fICHREY wtaahCRgmyss saectrametsr &P ng
current having a 5 lower current density than the first stage is used, and
an el edfrol¥$e having a lower tenperature than that of the first stage is
preferably used in order to prevent chemcally
[0043]
The etching pits formed by alternating current use numerous compounds present in
appropriate amounts as starting points for progression. Branching therefore occurs, and the
pit diameter is extremely narrow at several um or less. When etching using alternating
15  current, branched pits having extremely narrow diameters will be produced in large numbers
particularly when the total content of crystallized or precipitated Fe is 1 to 15 ppm, and an
electrolytic capacitor having a high product of electrical capacitance and chemical formation
letage can be obtained. The reason is thought to be that Fe-containing crystals and
precipitates effectively generate branches during progression of etching, and the number of
20  branched starting points reaches an optimal value when the total content of crystallized or
. precipitated Fe is in this range. This plate is therefore preferably used as a material for a
low-voltage capacitor formed by a chemical process ata voltége of 100 V or less.
[0044]

Etching using altemating electrical current is performed so that the average thickness

25  of the core part reaches 50 to 150 pm. An electrolyte containing chlorine ions is used when

15



usel ess dissolution. A 20 to 60C solution having 2 to 8 nmol/L of chlorine
ions should be wused as the electrolyte of the first stage. The addition of
a mnute anount of sulfate ions, nitrate ions, phosphate ions, oxal ate
ions, or other types of oxidizing ions alone or in 10 conmbination is also
preferable in order to prevent dissolution of the surface. An addition
anount in the range of 0.02 to 0.3 nol/L is adequate. Sine waves, square
waves, triangular waves, or the |like may be used as the alternating

current Wave%f h Y bsind @ﬁe&atﬁr&b&%nﬂ%m mBfber B? @tghlﬁ§ st 5@3? sﬂJWGﬁ’morEh &he

current density is preferably O to 2 Alcn2, and is an

Coruts on 18 HavRgn &S Gendiea BPEET %“‘*f%%%él' SRt %"Vﬁ‘@ ﬂ%é%}f"’e%q"%ﬁ o
el ect ol y1 ., Tie A ] 90n piod T UL TBMIL Sl SHLL A N1 AL LB

i ons, phosp elo fons, Or o I'zI'ng 1 0ons alone
or in conblng

nis e bIe"| ord re ent dISSO|U i.on
Che Surf acdne BBt By esa@%%ﬁ%cf e nten, GEhine Sy 9'1 GRging SRR g &
adequat e. |ne waves triangul.ar. su osed
waves, gr ' AE F‘R’é‘?nhﬁlﬁnsbtg %&h"aﬁ‘ith%agfom '? @HA’rC/yéenDS Wé£ k’% and
l1to 100 Hz may be used as_the_frequency The current density is set | ower
than in théemwgfvrestb%fg@af a%&heaﬁ%ﬁ@%@ Gfprefelfeb%yowf A OFET t% Pffﬁf@frfeﬁhﬁ'&w@l Y The
amount of electr|C|téo|s 500 to 4000 C/cn?, which is at |east ten tines or

nore the arhselpss disselation nAt%etOfﬁor@tsolgv%tgbaww%%§m1/ﬁgof|0§1°ﬂé? 158 raepid Be t hat
the average thickness of the core part reaches 50 to 150 m 25:%0045] 16

(Di ssol ut i avedzesh elsptralyte it fiest staghur Thecpdditioaraf st mingte@urauah et miiatsiipeg)
Hydrochloric acid is the primary acid used in electrolytic etching in which
direct or niratedorat phmgpleale ienst okalatadens, obather HEpgsresevndizingiers: alpge or in
di scovered unusual phenonena in the dissolution behavior of the materials
duri nglél t eombinatig isatsognefesblehinngddrrio whiveit dissolution ofi iter sucfaceci dniadditibn ef | y
used. Specifically, the anpunt of dissolution due to alternating- current
et chi ng i s aexpntas sledraage dfl0S10M0.Dmol/hés alquat. Sihe elaess, splaredivass|tudngolar and
t he

waves, or the like may be used as the alternating current waveform, and 1 to 100 Hz may be

used as the frequency. The current density is preferably 0.5 to 2 A/em?, and 5 to 50 Clem? is

an adequate amount of electricity. In subsequent primary etching, a 10 to 40°C solution

15  having 6 to 8 mol/L of chlorine ions should be used as the electrolyte. The addition of a

minute amount of sulfate ions, nitrate ions, phosphate ions, oxalate ions, or other types of

oxidizing ions alone or in combination is also preferable in order to prevent dissolution of

the surface. An addition amount in the range of 0.1 to 0.3 mol/L is adequate. Sine waves,

square waves, triangular waves, AC/DC superimposed waves, or the like may be used as the

20  alternating current waveform, and 1 to 100 Hz may be used as the frequency. The current

density is set lower than in the first stage, and a range of 0.1 to 1 A/em” is preferable. The

amount of electricity is 500 to 4000 C/em?, which is at least ten times or more the amount

used in the first stage, and etching is performed so that the average thickness of the core part

reaches 50 to 150 pm.

25 [0045]
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amount of electrical dissolution during alternating-current electrolysis.
The anmount of chem cal dissolution increases substantially linearly in
proportion to the total content of «crystallized or precipitated Fe. This
phenomenon is thought to result fromthe positive 10 electric potential of
Fe-containing crystals and precipitates relative to the matrix. It has been
inferred that the area around chem cal conpounds having a positive electric
potential dissolves sooner, whereby the anount of dissolution increases.

Anot her phenoWe.@@ﬂsdlﬁoncﬁ%ﬁ%efﬁqmaﬁ%&gwéﬂﬁaﬁg.c&frexﬁ ERGH) cal

di ssolution decreases during alternating-current ~electrolysis until the

total content \‘;’\%Ilyg{]o\é?lhfe}é géi& ?sg?aglﬁaﬁﬂ{aﬁpio?& bahed eﬁ&élgﬁiﬁgﬁ%%n%ﬁéﬁ Bled: 15

anount, after I SS I on “anobunt reverse gins to I ncrease.

0046 Du hSIj f .al i I | vt i
Lo o Dokl FBR AL 5L el GRS DA USROS |
and

bet ween di ssol,uti o whi ch .occurs inpr.ily in the anode hal f-cycl.e
ydrat i on- BITALESE rieROR. Yinfen el GRe. alfasnE RRes! stfiss HavBkir s
primarily in tﬁg cat hode half-c g#e” tﬂ resent inventors, have, not.
Slarifigd dHEORNERGHO By et Gredfralbs Bis s b Srinton 4o AGPoEEr on
during alternating- current etching, but have nadg i nferences as faql | ows.
[0047]  Sp&EFFl ceéq%rrgg it fr@rassRdr 2k therpup phihesamint 1o gherpigal; Gsontiiop fng Hae
surface of Fe-containing 25 crystals and precipitates due to the
di f f er ence 2MAUR ecelestEch stissatutian duripgnaltpraetmgqursent sligfralyrs.  The amehef at i on
of hydrogen ions in the hydration filmwll decrease if the pits deepen. As
a result, chemipd dissolyginn indyeases sibstagtintlat insarly ik pragortiontie the teteldcomtsnt of
thickly in locations having deep pits than in |locations having pits near
t he surf acetysfligadjor pScipifeted digr e €hisfphehamapbntis droughlr fontgsulh Eomnibe ositive
hal f-cycle is presuned to be influenced by the total content of
cryst allDi zeldctoc pprestal pf Fatedaifag cSptbsidod palcipjtatestedative irethe otagix. dohdséneen of
inferred that the area around chemical compounds having a positive electric potential
dissolves sooner, whereby the amount of dissolution increases. Another phenomenon is
observed whereby the amount of electrical dissolution decreases during alternating-current
electrolysis until the total content of crystallized or precipitated Fe reaches a presbribed
15 amount, after which the dissolution amount reverses and begins to increase.

[0046]

Due to the characteristics of alternating current, electrolytic etching in which
alternating current is used involves repeated alternation between dissolution, which occurs
primarily in the anode half-cycle, and hydration-film formation, which acts to prevent

20  dissolution and occurs primarily in the cathode half-cycle. The present inventors have not
clarified the mechanism of this dissolution and hydration-film formation during alternating-
current etching, but have made inferences as follows.

[0047]

Specifically, the hydration film is not readily formed on the surface of Fe-containing

25  crystals and precipitates due to the difference in electric potential from the matrix, and the

17



crystallized or precipitated Fe is large, i.e., when the anmount of
Fe-cont ai ni ng conpounds is l|arge, early dissolution increases around the
Fe- cont ai ni ng conpounds in the same manner as chenmical dissolution. It is
accordingly thought that the dissolution effect occurring 10 primarily in
t he anode half-cycle wll prevail over the dissolution-preventing effect
due to the hydration filmfornmed in the cathode half cycle, the areas
around the Fe-containing conpounds dissolve early, pits collapse during

the et chi NngcREQEBES oPRRIrdJRR iGHYN Re 1kiratidh $38 WAl RGAB G BAPRS decpBP4RL 2 15
Cbnversely, when the total” content of crystallized or preC|p|ta ed Fe is

small, 1. €. eqhen tﬁo@n AIRYRE nftraifch AN Y f%Qm&PgﬁBt i '1ﬁ iéc'AHJ)dAs habing! S

thought that t he dISS ution- preventing effect 0 |ck hydr atlon film

that is for See | | prevall over the

dlssolut|oH£%Eng?éggv§%ﬁoﬁﬁ&gﬂﬁgﬁpﬁ% cyc ¢ at locations havi ng deep -

pits, and diss on mAII not readlly occur, while pit progression also
Jops

stagnat es; howe at the 20 thin surface Iayer of the hydration film

whi ch f d t h al f h
coln_genlt at ?:‘)geofﬂtu Ed‘?gl%? t‘?gﬁlsf‘ﬁ‘émf%o 51?135%/?;?/ ?’ﬁ‘g c¥de bsalfs)rfstugled q‘t’ %F influenced
and i ssol ot Bh P qu Do gbecpibe i e barbanbt dh e a5

dissolution wil] be large over the entire surface of the  surface- Iayer
part even .Cfryqt%%ad.%ﬁsecm*fateﬁ@e&eléfﬁeplaﬁt%heaft ¢ HEOWY CEF§-poniinias CMRABILSI on
does not 25 readily occur are present, and the anount of dissolution wll

ef f ect i vel yiaigaceasiyglissolugor boseses arqund $he Keyeqyraming sempopads iy the RS FraPPRal
value for the quantity of crystalline and precipitant nmaterial in
al t er nat i ngascehemégat dissalutiono| it iscacseudinighty thonghtathpie thg| dissolutis wffeelr eccuts@gdi ng
curve will be obtained when the entire amunt of reduction in dissolution
during 105 girirearitnin thg-anode eaifcysleewill peydil evee tlhehdipglutionperasutingceiteaiddysitot t ed
relative to the total anmpbunt of Fe in various crystals and precipitates
wi th the enhé hegdmatieufitm dbroseeldincthe @athbde Halfswydleit thomreas around the Fe-containing
compounds dissolve early, pits collapse during the etching process, and the amount of
dissolution increases.
[0049]

15 - Conversely, when the total content of crystallized or precipitated Fe is small, i.e.,
when the amount of Fe-containing compounds is small, it is thought that the dissolution-
preventing effect of the thick hydration film that is formed during the cathode half-cycle will
prevail over the dissolution effect during the anode half-cycle at locations having deep pits,
and dissolution will not readily occur, while pit progression also stagnates; however, at the

20  thin surface layer of the hydration film, which is formed during the cathode half-cycle and -
has a higher concentration of ions than the locations having deep pits, it is conjectured‘ that
the portions at which pits are formed will dissolve early and dissolution will be induced over
the entire surface. The amount of dissolution will be large over the entire surface of the

surface-layer part even if locations in the deep parts of the pits in which dissolution does not

25  readily occur are present, and the amount of dissolution will effectively increase.
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during alternating-current electrolytic etching on the vertical axis and
the total .anbunt of crystallized and precipitated Fe on the horizontal
axis. The electrical capacitance after etching and the anmpunt of reduction
in dissolution also have a substantially inverse 10 rel ationship. The
reason is that, outside the range of dissolution reduction that is optinal
for obtaining high electrical capacitance, the entire surface of the
surface | ayer on which pits are forned will dissolve when the anmount of
Fe-containing cegpeynds is small, and useless fusion will occur and the
pits will collapse when the anount of Fe-containing conpounds is |arge, as

described above . {fyohohahaCABICRL aPlopfihistald iehle %aﬂggg&fp&fyg&lﬁﬂe B

appropriate for 1@ present aspect 1s 1 to p préeferably 2 to

10 ppm [0Q %c]r;l%ltaﬁ% %&E:gl?ll i, Ahte raa{é)%lgl Cegxltt e?elgf?ég%tli(% gtghﬂlgl %&dé Qr}ésbﬂt,p a% £a. ¢ he

CV product ] pr o of ele cap ce“and chemtal formation
0. 35 o ¢ nIERE GtV T FEaPEer AR AtF sr s dar EREGAR BB iR QR e
O e S5 S BB 501 el OBt e b
conprised al um numof not |ess  than 99. 98% hy nasshaf%ﬁﬁégh%%ﬁﬁg?IWAth t he

bal ance corf$i &t YaHgUHFYHAS S dsiatatespEFh the sgtite qmpup ugpn 1 g

ppm of N, pmor |ess of both Ti and Zr, ppmor_ | ess of other

1 p | . . and 2
i ndi vi dual risgelegatingsrurgrsiqeirolytivisiching erothe rvsrtical s Ayt thedotal ameuRt Rf
plates involved, first, degreasing the alum num plates using a 0.1 N
causti ¢ solcurstadlized g enrecipitatsd Fenionithg bptizogtaharis. f ctrigal rpgpacifance after
first-stage treatnent. The initial pits were nmade to grow and etching pits
wer e conpl etcbihg and e amewdnef- siductonaind diskilntépns plag dave dasyhsiantallyAmvensedi c
oxidation dielectric filmwas then 5 formed by a chem cal process at 20 V
in an aqueaelstieshipt iThe raafondsthahioutsidedhpangs of Hssoluidrertindtionltbat ywbingbieote and
the filmformation voltage were neasured after drying. The
obtaining high electrical capacitance, the entire surface of the surface layer on which pits are
formed will dissolve when the amount of Fe-containing compounds is small, and useless
fusion will occur and the pits will collapse when the amount of Fe-containing compounds is
large, as described above. The total content of crystallized or precipitated Fe appropriate for
15  the present aspect is 1 to 15 ppm, and preferably 2 to 10 ppm.

[0051]

FIG. 3 is a graph that shows the relationship between the CV product (the product of
electrical capacitance and chemical formation voltage) and the total content of crystallized or
precipitated Fe when 0.35-mm-thick aluminum plates that were provided with various

20  different total amounts of crystallized or precipitated Fe during casting and heat treatments
were subjected to alternating-current etching. The plates comprised aluminum of not less
than 99.98% by mass, 25 ppm of Fe, with the balance consisting of unavoidable impurities,
including 35 ppm of Si, 1.5 ppm of Ni, 1 ppm or less of both Ti and Zr, and 2 ppm or less of

other individual elements.

25 [0052]
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anount of Fe in Al-Fe nmetal conpounds was neasured by dissolving the plates
in a hot  phenol solution and neasuring the residue using |ICP. The ,
treatment conditions in the first through third stages were as follows. 10
First stage treatment conditions Solution: 4 nmol/L of hydrochloric acid +
0.1 nmol/L of sulfuric acid 50C Conditions: Sine-wave alternating current,

20 Hz frequency, 50 A/dn2 current density, 45 s electrolysis tine Second
stage treatment conditions 15 Solution: 5 nol/L of hydrochloric acid + 0.1

mol /L of sul furig.achi38G&R Eé%gﬁnm@g{ ﬁzg:mfw%& 'ﬂ&oée%%ayigg’gxu%ﬁﬁﬂmum

(si ne-wave alternatlng current requency, tyratlo 15

Ald I
S o DR AR e PR S P,
32C 20 50 Hz 25
e L
t FI G t t t t
e o A e

ppm or, nofe exactl 5 at 4to pm 20 541 (Primar ffec

the Present o8 B g c g&”“&f’ﬁé’éﬁ"ie%ﬁ Qé?b%\}‘ganta%‘?‘“éﬁ[ ﬁPg‘i“Fﬂ?rﬁ ‘t“gr‘"X PNt ﬁt

and total content of crystallized or preci ?ltated Fe are optim.,zed_in the
al umi num pl gedriqabcangpitagice g (he @Pecfmﬂuywe tags weisawpased ASE dpdtee dhet he
present aspect, and therefore deep etching is possible without the etching
pits bei ng grequnb af Fauin Wi-Er mrstal compourgls s measited batctlﬁplm theplagswiing katchi ng

to
phenol solution and measuring the residue using ICP. The treatment conditions in the first

through third stages were as follows.
10 First stage treatment conditions
Solution: 4 mol/L of hydrochloric acid + 0.1 mol/L of sulfuric acid 50°C
Conditions: Sine-wave alternating current, 20 Hz frequency, 50 A/dm’® current
density, 45 s electrolysis time
Second stage treatment conditions
15 Solution: 5 mol/L of hydrochloric acid + 0.1 mol/L of Asulfuric acid 32°C
Conditions: AC/DC superimposed waveform (sine-wave alternating current + DC),
50 Hz frequency, 0.80 duty ratio, 15 A/dm® current density, 60 s electrolysis time
Third stage treatment conditions
Solution: 5 mol/L of hydrochloric acid + 0.1 mol/L of sulfuric acid 32°C
20 Conditions: Sine-wave alternating éurrent, 50 Hz frequency, 25 A/dm* current
density, 2700 s electrolysis timé
[0053]
As can be understood from FIG. 3, the CV product is highest when the total content
of crystallized or precipitated Fe is 1 to 15 ppm, with a peak at 2 to IO.ppm, or, more exactly,

25-  at4to 7 ppm.
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proceed nore deeply. An anode having a high electrical capacitance per unit
area can .therefore be obtained, and therefore the nunber of |ayers can be
reduced when ensuring the electrical capacitance of a solid al um num

el ectrol ytic capacitor having | ayered anodes. 10 Increased capacity,
reduced size, and inproved hi gh-frequency characteristics can therefore be
attained for a solid alum numelectrolytic capacitor even when the

t hi ckness of the alumnumplates is 0.2 tol mm As a result of conbining
the af orementi onggkagonfigurations, the core part can be left thick;
therefore, an external term nal can be connected to a lateral face of the

core part even W@ﬁﬂm%&ﬁﬁkﬁ%@ﬁk;&%mRQQ%éﬁie to be joined to, e.g., the
node.

surface of the 15 a Therefore, portions that do not provide el ectrical

capacitance to the i i i not
generated. Even %déﬁag’ggéﬁejdﬁa%a@@w(% cﬁ%?%vh%da tgélaﬁrrcé)%%%{)grﬂ %!S F}Izg%t

i ncrease, and_the. hi -frequency .charact.eristics.w.ll not _deterio

ovt dod ¢ r erplBl ke L UERRe RS SRR S or o BlunflSE AR,

Bnode i BEPERERAEEIT o Vet bt ood HreoSgeds oifife & 3Rl ofig e °"
it f, e.qg , 200 sFl . b tained.  The effecti
be. | nor oS PSS bAREBY nak TV (A P HoBintnd e ERRnE R poct

As a result, when a 10 V-150 F capacjtor was manufactured in a D case (7.5
x 4.3 ), Prageed e [deeRly- b arqde dnvise e bich sltical 6aRIcaBRs 8t PhaTE2 182 | ayer
product having a height 25 of 4.2 mmwas able to be obtained using three
| ayers at dh¢jelogmbe ¢Jfaipeds apghiherefore thgamaiber ofijeyereeay begedisedhihenetnswingshe
obtained for the frequency characteristics (inpedance val ue) when manganese
di oxi de waslestig! gapagitaned iof aesadidt ghwhipue, clegtadBiE] capaqitpaiaeing [layeod #a9ges1 000
kHz Product Hei ght

10 Increased capacity, reduced size, and improved high-frequency characteristics can therefore

be attained for a solid aluminum electrolytic capacitor even when the thickness of the
aluminum plates is 0.2 to 1 mm. As a result of combining the aforementioned configurations,
the core part can be left thick; therefore, an external terminal can be connected to a lateral
face of the core part even when a terminal is not able to be joined to, e.g., the surface of the

15 anode. Theréfore, portions that do not provide electrical capacitance to the anode due to the
connectibn with the terminal are not generated. Even when anodes are layered, the height
dimension will not increase, and the high-frequency characteristics will not deteriorate
provided that the terminal is connected to the lateral face of the core part.

[0055]

20 According to the configuration of the present aspect, an anode can be chemically
converted at, e.g., 20 V, and an elecirical capacitance of, e.g., 200 uF/cm2 can be obtained.
The effective area can be increased 30% by employing the terminal joining of the present
aspect. As a result, when a 10 V-150 pF capacitor was manufactured in a D case (7.5 x 4.3
mm), an electrical capacitance equivalent to a conventional 10-layer product having a height

25  of 4.2 mm was able to be obtained using three layers at a height of 2.8 mam.
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Present invention 0.055 S2 0.023 s2 2.8 nun Conventional article 0.0970
0.046 d2 4.2 mm Tantal um capacitor 0.120 52 0.098 t2 2.8 nm [0058] The
results shown bel ow were obtained for the frequency characteristics

(i mpedance val ue) when pol ypyrrole was used as a solid electrolyte. 10
[0059] [Table 2] 100 kHz 1000 kHz Product Height Present invention 0.023
Q 0.003 52 2.8 mm Conventional article 0.067 52 0.0080 4.2 mm [ 0060]

[ Enbodi nent 2] 15 The present aspect corresponds to cases in which

di rect-current qb@hjng is enployed. The alum num plate for an al um num

el ectrolytic capacigor el ectrode according to the present aspect conprises

al um num of not g8l albwlthARVSRY JtRR

the cube orientation content

nm [0061] 20
usi ng such an

al um

IS

)\Qﬁgﬁkng?g%?%ﬂeggégkdégLJQ

Irec

ATl (EhD |

RS

-and the surface Qﬁﬁ of the
core part havindﬁ average thickness of 50 to

portion _in the t

ss direction,

. o in
Peiiahd (e

apacitor is manufactured
ng is first perforned
alumnumplate is enlarged so as to | eave a

22 150 pmin the central
after which anodic oxidation is

Taip 1
performed, and al8dpakitor anode is forned. [0062]
100 kHz 1000 kHz Product Height
Present invention 0.055 Q 0.023 Q 2.8 mm
Conventional article 0.097 Q 0.046 O 4.2 mm
Tantalum capacitor 0.120 Q 0.098 Q 2.8 mm

[0058]

The results shown below were obtained for the frequency characteristics (impedance

value) when polypyrrole was used as a solid electrolyte.

10 [0059]
[Table 2]
100 kHz 1000 kHz Product Height
Present invention 0.023 Q 0.003 © 2.8 mm
Conventional article 0.067 O 0.008 4.2 mm
[0060]
[Embodiment 2]

15 The present aspect corresponds to cases in which direct-current etching is employed.
The aluminum plate for an aluminum electrolytic capacitor electrode according to the
present aspect comprises aluminum of not less than 99.98% by mass and 5 to 50 ppm of Fe,
wherein the cube orientation content is 80%Vor more, and the thickness is 0.2 to 1 mm.

[0061]
20 When a solid aluminum electrolytic capacitor is manufactured using such an

aluminum plate, direct-current etching is first performed and the surface area of the

aluminum plate is enlarged so as to leave a core part having an average thickness of 50 to
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A lead wre or other anode lead is then joined by spot welding to a | ateral
face of the 5 core part of the capacitor anode. [0063] A solid

el ectrolyte layer is then formed on the surface of the capacitor anode,
after which a cathode is fornmed on the surface of the solid electrolyte

| ayer using a carbon paste, a silver paste, or the like; and an-el ectrode
article is forned. A prescribed nunber of electrode 10 articles are then

| ayered, and a solid alum numelectrolytic capacitor is manufactured. The

rest of thesgquf iigWeatdnBal ﬁa«n&m 8R "RicRResEAROG AR Her Lvhi@ thodidS8&bR L ON
will therefore be omtted. 0064] The di ameter of the etching pits nust

be thick ¥ &WQK@H% Sk gqﬁ&ﬁgt etching 15 to fashion, e.g., a
material t O#i appr op Tare e a chemcal formation voltage of 200 V, and
t herefore d|reci(ﬁb§ctrrcal current i n which the nunmerous conpounds present
are not made ? tarting points for pits is necessary The starting

points for the h n its are.t i des L t he
Dlate surface. hiaigr bt o A% iy e Py trof w e e o 2 e

t enpera ure of the anneal.i ng for causing the growh of cube oriented 20
particl P R OT e RPASTY 481% age region to be used is high, the final
annealing t enper e is reduced in the range for causing adequate growth
of cube-oriente@aﬁg ticles in the plate, and the anount of oxides is
reduced. If the nunber of pit starting points is reduced, the pit density
will decrease arrasqhﬁeeleﬁrr?lyga layratie fhepitpymadinay the girface o theLapacitpy artorle afisnge
voltage is relatively low, the final annealing tenperature is_increased,
and the amdthith agathedp iformas onghe spsfagaakibie solidetesipylytetieyep usinga pasben paste, a
increases, and the pit diameter decreases. Final annealing 23 at, e.g.

480 to 5306ilyes pptiefor theldike; and an elshisedecaticlé srfomtedo A nresctibefbnusibep oflelectrodd0 v,
and final annealing at 530 to 600C is preferable for higher chem cal

f or mat Lon woidesgesthef 6], and a solid aluminum electrolytic capacitor is manufactured. The

rest of the configuration is the same as Embodiment 1, and a description will thcrefore be
» omitted.

[0064]
The diameter of the etching pits must be thick when using such direct-current etching
15  to fashion, e.g., a material that is appropriate for a chemical formation voltage of 200 V, and
therefore direct electrical current in which the numerous compounds present are not made
into starting points for pits is necessary. The starting points for the etching pits are the
oxides in the oxidation film on the plate surface. The distribution of oxides can be
controlled by the temperature of the annealing for causiné the growth of cube-oriented
20  particles. If the ultimate voltage region to be used is high, the final annealing temperature is
reduced in the range for causing adequate growth of cnbe-oriented particles in the plate, and
the amount of oxides is reduced. If the number of pit starting points is reduced, the pit
density will decrease and the pit diameter will therefore increaSc. If the usage voltage is
relatively low, the final annealing temperature is increased, and the amount of oxides is

25  increased, whereby the pit density increases, and the pit diameter decreases. Final annealing
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A high cube orientation content in the crystal particle structure within
the plate.is 5 inportant during direct-current etching when using such an
al umi num pl ate for an al um num el ectrolytic capacitor el ectrode both in

m ddl e or high voltage alum numelectrolytic capacitors and in | ow voltage
solid alum num el ectrolytic capacitors. Etching pits resulting fromdirect
el ectrical current have the property of proceeding in a straight line in
accordance wth the crystal orientation, and therefore the extent to which

the et chi ngaipé b S48008!580°¢Sis Phelati0 a0f BRhmidal foPmARA voRhde 7260 W 40 Wand grkiced
to the extent that the proportion of pits progressing perpendicularly to

the plate SytAGS o 5V E3HET: is%;na?er 16 fr b b chERARACHOLANMR Withdes t Ner ef or e
increase to the extent that the -cube orientation content 1ncreases. The
proportion shou”@oéﬁ 80% or nore, and preferably 90% or nore. [0066] 15
Primarily the anmount of Fe, as well as the anmpbunts of Si, N, and other
inpurities nmnust C rolled as in,. Enhodinent 1.in . order to increase the
A%?ﬁ%lt @‘ﬁ% .°Re’!'ﬁ5f‘g°np%°r“itetn§ T P |P2“J“‘Cie S‘m"ﬁ’(’)“u g SPSBag S, by

cube orientation C alFum num's

nmass or re n referably 99.99% b Mass of re. Various inpur.ities
mT b e BipsRat gt SRl AR R hen B e 57 Pt P G s PR o
Control ling.the amount .of Fe i articularly vital. An appropriate range 20
for the ancUFFObEC FeaPRsitoE eistrage Bamy im ipide mo Pigh {olisSs GhBRR reohRlytsr owt h

of cube- oriented particles will be significantly hindered when the anount
of Fe exceetBatiE 8&13% lovs ¥oltage elid apmpup sleatrolytis Sapackow h Eihing njts resplting
particles will not be able to be |imted when the anount of Fe is |ess
than the | oWeR dirphelectrig] gugenihare tha praperte of mpsaedive it o ptraight line 4 agperancant
amounts during final annealing. These coarse particles will have an

ori ent at i onWigh Hercrystsh aricativnbendathereforathe shtentatadvhiethba gishing eitereedieses withi s
not certain, the properties of the oxidation 24 filmwll be different
from t Hdse wheranits ond celiapsnwill benefloreded thenextany dtab theranoriddnesf titavroggessinge
orientation. This phenonmenon is ultimtely a cause of deviations in

el ectri cal mageadictlardy¢o tlenplafessurface @rdcprasesnoTheeletteicabdapacitance will therefore

increase to the extent that the cube orientation content increases. The proportion should be
80% or more, and preferably 90% or more.
[0066]
15 Primarily the amount of Fe, as well as the amounts of Si, Ni, anci other impurities
must be controlled as in Embodiment 1 in order to increase the cube orientation content.
The purity of the aluminum should be 99.98% by mass or more, and preferably 99.99% by
mass or more. Various impurities will hinder.Cube-oriented growth when the purity is less
than this amount. Controlling the amount of Fe is parciculaﬂy vital. An appropriate range
20  for the amount of Fe is 5 to 50 ppm, and preferably 5 to 20 ppm. The growth of cube-
oriented particles will be significantly hindered when the amount of Fe exceeds the value for
the upper limit. The growth of crystal particles will not be able to be limited when the
amount of Fe is less than the lower limit, and coarse particles will be formed in significant
amounts during final annealing. These coarse particles will have an orientation other than

25  cube orientation, and, though the mechanism is not certain, the properties of the oxidation
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[0067] 5 Etching using direct electrical current is perfornmed so that the
average thickness of the core part reaches 50 to 150 pm The etching
shoul d ‘be divided into two or nore stages when perform ng etching using
direct current as well as when using alternating current. In the first
stage, a higher current density is used than in the second and subsequent
stages (referred to as "etching for enlarging pit dianmeter"), and initial
pits are formed. A 60 to 10 90C m xed-acid solution having 2 to 4 mar L of
sulfate ion anﬁil b%‘ d?ffér(e)x%t%la)rrrnolh{ol%‘e (%fan émtd Gdd Wim fo?rﬂéc% &hﬁ'&gtaq IpQﬁ'icfé? ﬁ&ixﬁgscuboge
ensirty an e el ect 0

electrolyte3n¥ﬁe curren anount o Icity should be

chosen accor di to.the.prescribed,. plate thic Ss,. | i.L-hi of
0.2 to 1 ATERBgha ThY THERERGer A MRl De S dae oo She et tab R
enlarging pit .diamgter, the electrolyte solution contains 1 to 2 nol/L of
chlorine i o4 s RECEIERtPCIEANE! d be used in 15 which a ninute amount of
sulfate ions, nitrate ions, phosphate ions, oxalate ions, or other types
of oxi di zi ng i 0ol80%/le added al one or in conbination in order to pr event

di ssolution of the surface. An addition anmount in the ran%e of .0.01 to 0.5
ol /L i $ adequatféchinmusiag figect elsetriea ppeenitis periormeg sakat 151 3y°66° #BCI‘@EF@ *fThe
pit diameter will be enlarged by direct electrical current or by inmmrersive
cheni cal dithe edratope meashesnSOLtei 140 haw cFhezetehing thold. berdiwded dnfodiye op (ndiepidgssy f or
electrolysis is preferably approximately 0.1 to 0.6 A/cn2. Etching is
performed wien feaforming etomgnsmgckreet cusontiasi wall dsreieniioig alfpinating @ierte dp

el ectrolysis and chemcal dissolution are 1 to 10 tines the anobunts of the
first stagethe dind spagef & haghby currenbdénsity messed Than inethe Isedogd tandrnsubssqueat stggest hat

t he average thickness of the core part reaches 50 to 150 pm [Industri al
Appl i cabi | i grefdrretbto] H0RBhingSfoAsnldgier pibddmatedeand: ingiah bissrim Unimpdr | A)60 tBe
content, and total content of crystallized or precipitated Fe or the cube
ori ent atg ongeeCnrhiREd-add €olGfdn IRvgd tb @ thblél. pf edfartionsmand 0t tor, malridof ¢hherief or e
deep etching is possible without the etching pits being joined. A thickness
of 0.2 - ions should be used as the electrolyte. The current density and the amount of electricity :

should be chosen according to the prescribed plate thickness from within ranges of 0.2 to 1
Alem?® and 30 to 500 Clem?, respectively. In the etching for enlarging pit diameter, the
electrolyte solution contains 1 to 2 mol/L of chlorine ions. A solution should be used in

15 which a minute amount of sulfate ions, nitrate ions, phosphate ions, oxalate ions, or other
types of oxidizing ions are added alone or in combination in order to prevent dissolution of
the surface. An addition amount in the range of 0.01 to 0.5 mol/L is adequate. The solution
temperature is preferably 60 to 90°C. The pit diameter will be enlarged by direct electrical
current or by immefsive chemical dissolution when using such a solution. The current

20 density for electrolysis is preferably approximately 0.1 to 0.6 A/em®. Etching is performed
so that the amounts of dissolution from both direct-current electrolysis and chemical
dissolution are 1 to 10 times the amounts of the first stage, and preferably 1 to 5 times.  The
etching time is set so that the average thickness of the core part reaches 50 to 150 pm.
[Industrial Applicability]

25 - [0068]
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to 1 nun is attained, allowi ng etching to proceed nore deeply, e.g., to a
depth of 50 pmor 5 nore or 100 pmor nore. An anode having a high
el ectrical capacitance per unit area can therefore be obtained, and
therefore the nunber of |ayers can be reduced when ensuring a prescribed
el ectrical capacitance for a capacitor having | ayered anodes. Increased
capacity, reduced size, and inproved hi gh-frequency characteristics can
therefore be attained for an alum numelectrolytic capacitor even when the
thickness of thesajddgil by %@ﬁlflﬁrﬁmgn ?uﬁt | Fe c%ﬁtemfhndat%ta@ccfn%%f crallized
conbi ning the aforenentloneg configuratiohs, the core part can be left
Lhi cki - ther G aridid X Sahe bALMARIcofiRh BEFAMDEFH bosdh hilfiod! aliace
of the core part even .  when a termmnal I's not &bl e to be jOInedI{O, e.g.,
t he surface,of .the anode. .Therefor rtions that do.not .proyid
cllectr cal LasEer fectaanig 1§ eI ol ahs bR bR BBl A pRKRE or 02
term nal are not generated. Even,when anodes are |ayered, the heLght
i rons, on- bl bR AP LwinE S PR RoR SRR Cs- thaPath 8 1R i)
not deteriorate prgvided t hat the %grnin l. i% connected to the | ateral
face of 3 he e H94HR SDBOR AAhEIOd ARAPRA el e SR PRI R BE BV feLcan
capacitor, wherein a capacitor anode in which a dielectric_ filmand a
sol i d el ectheripre be gliaincd aad thgrefars Bp nuymbereafdayerherndiecisilvigd Stier 48BIBE 2an
alumnum 5 plate, and an anode | ead that is electrically connected to the
capaci t or anewsbedelagtaeal esnagiéance for a qapaciton baving leysredransidat elurisased SERSEY of
al um num of not | ess than 99.98% by mass, an Fe content of 5 to 50 ppm
with the bakdured sizonandsimprayed highnfzsavertatdberacteristics chw ghereiprd baadained biran
content of crystallized or precipitated Fe of 1 to 50% of the original Fe
cont ent ; 1Clwhmumaglectiolytic cagaoiier dven fbemtint thigkestse b thg atundnurh plitesant gltatle
having a thickness of 0.2 to 1 mmso as to | eave a core part having an
aver aga 0t himknessa ofsulb 0f t@nliibiig nhd afotehrentiaed teoafigupaions,dhe care phre cathbeckefies s
direction; and _

thick; therefore, an external terminal can be connected to a lateral face of the core part even

" when a terminal is not able to be joined to, e.g., the surface of the anode. Therefore, portions
that do not provide electrical capacitance to the anode due to the connection with the
terminal are not generated.v Even when anodes are layered, the height dimension will not

15  increase, and the high-frequency characteristics will not deteriorate provided that the

terminal is connected to the lateral face of the core part.
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the etching is perfornmed over the entirety of the front and back surfaces
of the capacitor anode. 15 [Claim 2] The alum num el ectrolytic capacitor
of claim1, characterized in that the anode lead is joined to a |ateral
face of the core part. 20 [Claim 3] An alum numelectrolytic capacitor
wherein a capacitor anode in which a dielectric filmand a solid
electrolyte layer are forned on at |east the etching surface of an al um num
pl ate, and an anode | ead thatClamnsl ectrically connected to the capacitor
~anode, characterized in that 27 the alum numplate is conposed of al um num
of not | ¢chifhgn 99.98% by mass, an Fe content of 5 to 50 ppm wth the
bal ance consi sting of unavoidable inpurities, and has a total content of

crystallized or, ALEGHR E%Eﬁgly{e:ltg g&éac%tof,%l?&%ﬂ]% cnaE)rQnﬁtd?réhgélﬁﬂﬁJ WEFCthO&EI%&Ei;C the

capaci tor anode I's forne ng the alum pl ate having a thickness
of 5 0.2,to S0,a eave cor art haying.,an average_thjckness of
30 to 156 T el B R tRRrh of Al loabl e Rt D MVERE BE 0 LR RER S
anode lead is joined to a lateral face of the core part. Claim 4], 10 The
al umi hunmplte end an prede leadyhal is glecaically popnectadAp the qapasifes dgpde; chamelrdesddni zed
in that a plurality of the capacitor anodes are |ayered together. [Caim
5] An al demtnum el ectrol ytic capacitor wherein a capacitor anode in which a
dielectric 15 filmand a solid electrolyte |ayer are formed on at | east
the etching suidAefimin fBtedt vohposed dlafiginuanst ndnlesn aEe 909G biatasd, an Fe

el ectrically connected to the capacitor anode, characterized in

conten_t'of 5 to 50 ppm, with the balance consisting of unavoidable impurities, and has a total
content of crystallized or precipitated Fe of 1 to 50% of the original Fe content;

10 the capacitor anode is formed by etching the aluminum plate having a thickness of
0.2 to 1 mm so as to leave a core part having an average thickness of 50 to 150 pm in the
central portion in the thickness direction; and

the etching is performed over the entirety of the front and back surfaces of the

capacitor anode.

15
[Claim 2]

The aluminum electrolytic capacitor of claim 1, characterized in that the anode lead

is joined to a lateral face of the core part.

20  [Claim 3]
An aluminum electrolytic capacitor wherein a capacitor anode in which a dielectric
film and a solid electrolyte layer are formed on at least the etching surface of an aluminum

plate, and an anode lead that is electrically connected to the capacitor anode, characterized in

that
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that the alum num plate is conposed of al um num of not |ess than 99. 98% by
mass, an Fe content of 5 to 50 ppm with the bal ance consisting of :
unavoi dable inmpurities, and has a total 20 content of crystallized or
precipitated Fe of 1 to 15 ppm the capacitor anode is forned by etching

t he al um num pl ate having a thickness of 0.2 to |l mmso as to | eave a core
part having an average thickness of 50 to 150 gmin the central portion in
t he thi ckness tlti aleminummplatenid coinposeti@fiahgninsmpeimbblese than 98:98Vitey mass, arfy of
the front and back surfaces of the 25 capacitor anode. 28 [Cl aim6] The

al um numeghepd el t)btsio(‘plpfﬁﬁ%ﬂi the bahcedorsidtifg of advekiablei impdrities, hfidhad h@tAnode

lead is joined to a lateral face of the core part. 5 [Caim7] An alum num
el ectrol yLic C [ [ RS 0 i EE RoBe i €l ectric
film andxéﬁtglglogg?%@e@%erd %?E%W?@%r a@gl #ogjrrorr/ggpgﬁ Olgglﬁ%east rtﬁ%e’ et chi ng
surface of an _alum num plate, and an _gnode lead.that is,el.ectrjcall
connected to tHeCHPAFLY angHe é?n@&'@,eg(?ﬁfrt%}f?%ﬁfezéﬁm?wm Pt haiing ﬁéhlﬁﬁﬁ?ﬁgrﬂgm
plate is conposed of alum numof not |ess than 99.98% by nass, an Fe

cont ént 62 ®  ouBE0 ppiy leave A correpashhaving ap gieiage hHekusss dhal i hebra in the
inpurities, and has a total content of crystallized or precipitated Fe of
| to 15 pgwal phreioaapdeithioknanddection; fiad med by et ching the al um num pl ate
having a thickness of 15 0.2 to | nmso as to |leave a core part having an

average thi ckpRsodd 128 id j9inka Qo Bldtéral fa8e of@RIcHA paeQrtion in the thickness
direction; and the anode lead is joined to a |ateral face of the core part.

Q

[Claim 4]
10 The aluminum electrolytic capacitor of any of claims 1 through 3, characterized in

that a plurality of the capacitor anodes are layered together.

[Claim 5]
An aluminum electrolytic capacitor wherein a capacitor anode in which a dielectric
15  film and a solid electrolyte layer are formed on at least the etching surface of an aluminum
plate, and an anode lead that is electrically connected to the capacitor anode, characterized in
that
the aluminum plate is composed of aluminum of not less than 99.98% by mass, an Fe
content of 5 to 50 ppm, with the balance consisting of unavoidable impurities, and has a total
20  content of crystallized or precipitated Fe of 1 to 15 ppm;
the capacitor anode is formed by etching the aluminum plate having a thickness of
0.2 to 1 mm so as to leave a core part having an average thickness of 50 to 150 pum in the
central portion in the thickness direction; and

the etching is performed over the entirety of the front and back surfaces of the

25  capacitor anode.
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[Claim8] 20 The alum num el ectrolytic capacitor of any of claims 5 through
7, characterized in that a plurality of the capacitor anodes are | ayered
together. [Claim9] An alum numelectrolytic capacitor wherein a capacitor
anode in which a dielectric 25 filmand a solid electrolyte |ayer are
formed on at |east the etching surface of an alum num 29 plate, and an
anode lead that is electrically connected to the capacitor anode,
characterized in that the alum numplate is conposed of al um num of not
| ess than 99.98% by nmass, an Fe content of 5 to 50 ppm wth the bal ance
consi sti nj@l#fm ¢jnavoi dabl e inpurities, and has a 5 cube orientation content
of 80% or nore; the capacitor anode is fornmed by etching the alum num pl ate

havi t hi - i '
aving a lcm%?%@{,,ggpﬁ%agcggw B3PS R0r35t dIfin] §2MRrRIEREE iP Bkt (HRAbAY AR

aver age thicknes pmin the central portion in the thickness
direction;. and the et E%n I,S perfornmed over the entirety of the front and
back surf’%‘@é‘éﬁgé? a?zﬁgraf egghﬁc"?’f%‘?a’{inode. [Cai m10] The al um num
el ectrolytic capacitor of claim9, characterized in that the anode lead is
joined to a lateral face of the core part. 15 [Caim11] An al uni num
el ectrolytic capacitor wherein a capacitor anode in which a dielectric
filmand[@ladml7]d el ectrolyte |ayer are fornmed on at | east the etching
surface of an alum num plate, and an anode lead that is electrically
connected to tAiealGRRAR ElREtrdlpeEeapatifarvittdréihiaz edpatitor aHdde Hatwhich a dielectric
film and a solid electrolyte layer are formed on at least the etching surface of an aluminum
plate, and an anode lead that is electrically connected to the capacitor anode, characterized in
10  that
the aluminum plate is composed of aluminum of not less than 99.98% by mass, an Fe
content of 5 to 50 ppm, with the balance consisting of unavoidable impurities, and has a total
content of crystallized or precipitated Fe of 1 to 15 ppm;
the capacitor anode is formed by etching the aluminum plate having a thickness of
15 0.2 to 1 mm so as to leave a core part having an average thickness of 50 to 150 pm in the

central portion in the thickness direction; and

the anode lead is joined to a lateral face of the core part.

[Claim 8]
20 The aluminum electrolytic capacitor of any of claims 5 through 7, characterized in

that a plurality of the capacitor anodes are layered together.

[Claim 9]
An aluminum electrolytic capacitor wherein a capacitor anode in which a dielectric |

25 film and a solid electrolyte layer are formed on at least the etching surface of an aluminum
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“the alum num plate is conposed of alum num of not |ess than 99.98% by nass,
an Fe content of 5 to 50 ppm wth the bal ance consisting of unavoi dabl e
inpurities, and has a cube orientation content of 80%or nore; 30 in the
formati on of the capacitor anode, the alum num plate, which has a thickness
of 0.2tol1mm is etched so as to |eave a core part having an average

t hi ckness of 50 to 150 m in the central portion in the thickness

di r ect i oplateaant athancalndehd thatdd elestrically eehneoted to theewapiciton arodst charastasiged ipar t .
5 [Caim 121 The al um num el ectrol ytic capacitor of any of clainms 9 through
11, charggterized in that a plurality of the capacitor anodes are | ayered
together. 10 [Claim 131 A nethod for manufacturing an alum num el ectrol ytic

capaci tor in Wi g, Anmgnae!is QJmp&@Qg?aliuﬁlifnﬁﬁgFﬁotmf%Mﬁﬁ 99 08NByAHRY! £n Fe

oxi dation on an alum num plate, characterized In that the alum num plate

o 50" poTTISH o t oo b ue ecPddnes de et oAt Eo el (e R 10

total 15 content of crystallized or precipitated Fe of 1 to 50% of the

or i giSnal cube oEigRtaEAR contefitiod SRt 91YOTEur rent etching is perforned and the
surface area of the alum num plate, which has a thickness of 0.2 to 1 mm

is enlarged sthetchpdcitar envde jseotméthby miphing the ehugaunt platskimayig othigdespoli50 m
is left inthe central portion in the thickness direction; anodic oxidation

i s subsegpent | dmP&y d0Meshe 2QorehRurtahatifd s Rradeethicknesstofaf(t ®r 1 0heman ok ¢
oxi dation; and the capacitor anode is forned having the entirety of the

front a(r}gnggi 5@*{ fﬂﬁ@fﬁ&l&fé@i %?‘%cﬁgntéhdt he alternating-current etching and
i C oxXl alm 14 ’

t he ano ation.
the etching is performed over the entirety of the front and back surfaces of the

10  capacitor anode.

[Claim 10]

The aluminum electrolytic capacitor of claim 9, characterized in that the anode lead

is joined to a lateral face of the core part.

15
[Claim 11]

An aluminum electrolyftic capacitor wherein a capacitor anode in which a dielectric
film and a solid electrolyte layer are formed on at least the etching surface of an aluminum
plate, and an anode lead that is electrically connected to the capacitor anode, characterized in

20  that

the aluminum plate is composed of aluminum of not less than 99.98% by mass, an Fe
content of 5 to 50 ppm, with the balance consisting of unavoidable impurities, and has a -

cube orientation content of 80% or more;
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31 A nethod for manufacturing an alum numelectrolytic capacitor in which a
capacitor anode is forned by perform ng anodi ¢ oxidati on on an al um num

pl ate, characterized in that the alum numplate is conposed of al um num of
not | ess than 99.98% by mass, an Fe content of 5 to 50 ppm with the

bal ance consi sting of unavoidable inpurities, and has a total 5 content of
crystallized or precipitated Fe of 1 to 15 ppm_ and alternating-current
etching i s peit trerformativa afffee eapatiderenadadhotluntieun plats, whietphastacthickpess©f has
a thickness of 0.2 to 1 mm is enlarged so that a core part having an
average Ot dockmngs s &thddGotad td Bavgmcb peef Kavirp dnhwvetsgptiiaknesoof 5®w 150 trhe

t hi ckness direction; anodic oxidation is subsequently perfornmed; 10 the

al um nur’r‘icfp h@tc.@ntiracltpﬁﬂﬁonqmﬁerthwkﬁ?%?ﬁxgl:?orﬁ%gati on; and the capacitor anode

is forne aving the entirety o ront and back surfaces subjected to
the alternating-current .etchi d e anqgdi c_oxidation. [Claim15] 15 A
net hod for mﬂ%faé‘@fiﬁfaﬂésjgwegﬁgﬁﬁ%ﬁﬁ# chgé’? LS B capacitor in which a
capacitor anode is forned by perform ng anodi c oxidation on an al unm num
‘plated characterized in that the aluminumplate is conposed of alum num of
not | ess than 99.98% by mass, an Fe content of 5 to 50 ppm with the

bal ance pOhsmd2]ing of unavoi dablée inpurities, and has a cube orientation
content of 80% or nore; and 20 direct-current etching is performed and the

surface area qhefaligniahmndlevatlyicadapaciiofany Asladmt i thiongh 9 1 péhdlacterized in nm
is enlarged so that a core part having an average thickness of .50 to 150

gmis lef.] e Abad20F LhdHRs bt 1hiheed BioeliREss direction; anodic
oxi dat i oInHalt%Blsl%%Z%%uentl aper or msa\g t#geal ﬁl num plate is cut after the
anodi ¢ oxidation; and 32 the capacitor anode is fornmed having the entirety

of the front and back surfaces

10  [Claim 13]

A method for manufacturing an aluminum electrolytic capacitor in which a capacitor
anode is formed by performing anodic oxidation on an aluminum plate, characterized in that
the aluminum plate is composed of aluminum of not less than 99.98% by mass, an Fe
content of 5 to 50 ppm, with the balance consisting of unavoidable impurities, and has a total
15 content of crystallized or precipitated Fe of 1 to 50% of the original Fe content;
alternating-current etching is performed and the surface area of the aluminum plate,
which has a thickness of 0.2 to 1 mm, is enlarged so that a core part having an average
thickness of 50 to 150 pm is left in the central portion in the thickness direction;
anodic oxidation is subsequently performed;
20 the aluminum plate is cut after the anodic oxidation; and
the capacitor anode is formed having the entirety of the front and back surfaces

subjected to the alternating-current etching and the anodic oxidation.

[Claim 14]
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subjected to the direct-current etching and the anodic oxidation. [Claim
16] 5 A nmethod for manufacturing an alum numelectrolytic capacitor in
whi ch a capacitor anode is fornmed by perform ng anodi ¢ oxi dation on an
al um num pl ate, characterized in that the alumnumplate is conposed of
al um num of not | ess than 99.98% by mass, an Fe content of 5 to 50 ppm
with the bal ance consisting of unavoi dable inpurities, and has a cube
ori entation cohmnethodofor 88 facturmgen almiinum eleetedyticeappeiinr iewdidhrycapgeitor
performed and the surface area of the alum numplate, which has a

t hi cknessingde f3-f8rmhéd t%' PefforintngeatlodicaeddAntddain Auniuem pla] casactorizedin thuer age
thickness of 50 to 150 gmis left in the central portion in the thickness

di rection; anqf ' QO Méﬁﬁ}g f . 0 P ag
alnode iis f or m(e%gé glfgm[“%%a?n&fﬁ%n%}g met ho ln%(nggfnrgdgaﬁg%a&%g /gﬁﬁal ur’n'%%:%or
el ectrolytic ¢ citor o n f.clains.13 h 6. ch ' '
conpr 1 o1 KTEB S ArPrthoudh e et it e af SpHRRLR P She bt flouy
[Caim 181 The nmethod for manufacturing an al um num el ectrol ytic capacitor
of cl &i meontent efirayHialtieed orauteqipitatedske P%gé}li/\émi@f& is used to join the anode

| ead to the lateral face of the core part. 25 33
alternating-current etching is performed and the surface area of the aluminum plate,

which has a thickness of 0.2 to 1 mm, is enlarged so that a core part having an average
thickness of 50 to 150 um is left in the central portion in the thickness direction;
anodic oxidation is subsequently performed;
10 the aluminum plate is cut after the anodic oxidation; and
the capacitor anode is formed having the entirety of the front and back surfaces

subjected to the alternating-current etching and the anodic oxidation.

[Claim 15]
15 A method for manufacturing an aluminum electrolytic capacitor in which a capacitor
anode is formed by performing anodic oxidation on an aluminum plate, characterized in that
the aluminum plate is composed- of aluminum of not less than 99.98% by mass, an Fe
content of 5 to 50 ppm, with the balance consisting of unavoidable impurities, and has a
cube orientation content of 80% or more; and
20 direct-current etching is performed and the surface area of the aluminum plate, which
has a thickness of 0.2 to 1 mm, is enlarged so that a core part having an average thickness of
50 to 150 pm is left in the central portion in the thickness direction;
anodic oxidation is subsequently performed;

the aluminum plate is cut after the anodic oxidation; and
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15

20

25

the capacitor anode is formed having the entirety of the front and back surfaces

subjected to the direct-current etching and the anodic oxidation.

[Claim 16]

A method for manufacturing an aluminum electrolytic capacitor in which a capacitor
anode is formed by performing anodic oxidation on an aluminum plate, characterized in that

the aluminum plate is composed of aluminum of not less than 99.98% by mass, an Fe
content of 5 to 50 ppm, with the balance consisting of unavoidable impurities, and has a

cube orientation content of 80% or more; and

direct-current etching is performed and the surface area of the aluminum plate, which
has a thickness of 0.2 to 1 mm, is enlarged so that a core part having an average thickness of
50 to 150 pm is left in the central portion in the thickness direction;

anodic oxidation is subsequently performed; and

the capacitor anode is formed.

[Claim 17]

The method for manufacturing an aluminum electrolytic capacitor of any of claims 13

through 16, characterized in comprising joining an anode lead to a lateral face of the core

part.

[Claim 18]

The method for manufacturing an aluminum electrolytic capacitor of claim 17,

characterized in that laser welding is used to join the anode lead to the lateral face of the core

part.
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