- [ Docunent Title] Specification [Nane' of .l nvention] Al um num Plate for

Al um num El ectrol ytic Capacitor Electrode, Al um numElectrolytic
Capacitor, and Method for Manufacturing Al um num El ectrolytic Capacitor 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 alum num

el ect r ol yiPecwneniclitlsl  DocsiBeptiofr ound Art] [0002] The increasing

mul ti-functionality of cellular phones is representative of the increasing
vol ume of [Namemfidnvariop] ddemiiuny Rlater fgeAMdunyisams Eldntrolwiei Ceparstor ddaditmsteor
processi ng performance has increased, capacitor performance has not kept
pace in redpaifen El&tiohaiceCapacithre ahdviehsd o Maltictiring oAkupiionasBlecteplytic
performance could be referred to in other words as an increase in

processi nggh&ekrical current at higher frequencies. An increase in

el ectrical capacitance is essential for handling increases in processing
eIectr'caITc rneiénqt hi gh frequencies. For exanple, tantalumelectrolytic
capaci oré Yt efﬁh nost cellular phones at present. These tantal um

el ectrolytic C? chtors have a | arger electrical capacitance 20 than

al um num el ect @ﬁv ic capacitors in | ow frequency regions, but capacitance
greatly decreases in high-frequency regions due to factors based on the
si ntered structliiceprofent heestion aglaish ttoran algenitun |pate Hor an glupimem electrolytic
characteristics that are actually needed. [0003] On the other hand,
convent i orapaciior eldctedderaim witndhan tefcetrplyitic cappdl,tads @cthod foapaiifectuits af
obtaining greater. electrical capacitance than tantalumelectrolytic

capaci t or $iynEMeR ddAe8Ric capacitor.
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 eiectrolytic capacitors are used in most cellular
phones at present. These tantalum electrolytic capacitors have a‘l‘arger 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



1 the high-frequency characteristics are better than in tantal um

el ectrolytic capacitors, conventional solid alum numelectrolytic
capacitors cannot handle large electrical currents in high-frequency
regions. The alum num nmaterial used in these alum numelectrolytic
capacitors is usually nolten alum numthat has a purity of 99.9% or nore by
mass and that .is. 5 made into a slab by sem -conti nuous casting., A product
having a i CiHeSIusACY BrapisTlon) arenbeller deiplbr@efalift drociilisg capaertors,
honogeni zing treatnents, hot rolling, and, as necessary, process annealing
and col d rohventignal Belpbaldiniymo eletind yhe kapaciters eamnot harske étg@aelecgri@ai@m‘rents in

enl arged by alternating or direct current in a step referred to as etching,
af ter whi alphafreqlicateetdibgs. f iThe hRintinnfethamial heed Unfihee ehndnahedeasdlytic
formati on step, and an electrode for an 10 electrolytic capacitor is

fashi oned ¢ H1R6RISEILILE RlolERRRMIh@N IRt Bhis & pGGRTBT09108Y oAU BUBhss and that is

el ectrolytic capacitor  foil manufactured using such steps i s approxinmately,

e.g., 100 f I vol.: rticl ) ]

o ocest. aftios gog SRy st ahaRh A R o hathe g ik B R L2
chem cal process. | ncreased capacitance, for |ayere sql.id al um num

el ectrol yfig léaFﬁéi‘Hﬁ?t?ﬁE §%Frs Y QEeRIZing HeRimsyts; ﬂefr Eglé%gaﬂdhé‘s MrRBET Y of
15 layers. [0004] The etching in this case should involve dissolving the
al unmi num poicessapeheaheg @by cokhlreltigg.ngDepradingr ¢mdee arakar, dhe shelageoprea ia|thewwi ng
- a higher electrical capacitance according to the depth of the etching, but
when et chienlgrgedtisy bleansingcondieat edrent inng stdpereforredress 'Gochily, 2 @ftet ohichg

hi gh el ectrical capacitance will not be obtainable. Various studies

i nvol Vi ng digfecihic filnk WolBbd b eheCRPRONENY SheliBATofnRAdnakdpThHER El8ctidiRF8r an
alumnum foils are accordingly being undertaken (see, e.g., Patent

Doc At ;s%ﬁ’grﬁlzgg :,)pgﬁz)citoi ﬁa{‘agﬁ%ngt? CHiE Qetlec]u]ica‘ﬁ %é&cﬁ'a&c%lc}# f? coxlnﬁ%%?ﬁt alARGHIE N

2] JP-

electrolytic capacitor foil manufactured using such steps is approximately, e.g., 100 uF/em?

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 clectrical capacitance according to
the depth of the etching, but when etching pits become connected during the progression of

20  etching, high eclectrical 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



25 [ Patent Docunent 31 JP-B 3-61333 2 [Patent Docunent 4] Japanese Patent
No. 3393607 [Disclosure of the Invention] [Problens the Invention Is

I ntended to Solve] [0005] 5 However, even the alum numfoils disclosed in
the af orenenti oned patent docunents have not reached the point where
etching can be made to proceed deeply enough to obtain high electrical
capaci tance and_sol ve the aforenentjoned problens of solid al um num

el ectrol ytic capdentncument 4]fapaness haient Nit 38364 s nust therefore be used
when structuring solid alum numelectrolytic capacitors. Problens

t her ef or e {Risclsutienfthenvenéionhpacitor is large 10 in the hei ght di nension,
and user demand for thinner products cannot be addressed. [0006] The anode
l ead is cPrbMmoOthd InyentiornBdntaided to Soye] the surface of the anode.

Probl ens therefore arise in that the high-frequency characteristics are
reduced by str jal factors inherent in this configuration to the extent
that the nunber of "l ayers is increased. 15 Problens have also arisen in

h h S .0l ) f
that porti on wiibvess Fanys bt afePeaih e SierRifofle f45s 0BG
i ght of these pr i nyention to

provide a PRI ﬁ%?&h? bhedirdibern by sl o BIOFET4:deeRbL ERugh to oblain
el ectrode, an alum numelectrolytic 20 capacitor, and nethod for
manuf act ubighgelnTisluasmgiiTEesd oolye | tbe calprepienBenedhRIObAM ofI bk aleminunsed
capaci tance, reduced size, and inproved hi gh-frequency characteristics in
an al um elemrellyde cagcitbisc Admge iruatber pMegess most thakfore be tused Rihehlseadfiring
solid aluminum electrolytic capacitors. Problemé 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]



[ 0008] 3 The present inventors discovered that an electrode material for a
hi gh- capacitance, small-sized solid alum numelectrolytic 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 nmass, 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
rol ling: etchi ngietMesenpyertorssisgpvaradetnaiaan plgcierde waterial foyja gh-capacitange,
until the average thickness of a core part reaches 50 to 150 m and

al | owi ng amalrretd sbbddiumonie cjesirakytic capagitbdzying geoddrigh-frequankye clomacgeristics

| ateral face of the core part. The inventors subsequently submtted the
present apph beahplementefl B9 Fhicking i sluMetunveiablSwhith & 9531 %896 purel o\t boMass,

i nvol ves, first, optimzing the alum numpurity, the Fe content, and the

total contgpbifls &F ¥Ppghldradam is%_&rﬁjfmt&&ﬁ 8¢ JGftiftiods fbﬁstméb@r. R L BhRidoas

content, thereby allow ng deep etching wtholt the etching pits being

joined, T re i pv I.Qn. Al i.nvol ves causing the thi esS..& e
022" b0 1 Rayien B R 04 Pl aoR e LM ot U Mol R Bnin Re
perform ng. deeper ?tcthg. Characteristic res%l%s of comhi ning 15 these
conf i gur atPlBhISBEAIEHEaR ouEYt o dirgré cuprFe WHHthe gvFregaiticlnest Rl 8 fare Rart
ability to join the lead wire or other anode lead to a lateral face of the
core part reqebes 8 to Ifeurn: ateh AAlgwing abanade tieadria e neined ta @ fead axirstirlge ke on a
direct-current etching. Alternating-current etching is used when

manuf act urnatagl fack ofehe@bteaget. aleih e beistganyll sebmized clapgescnosapplicftichl] I n
fields in which such alternating-current etching is used, the al um num
plate for an qunﬁnun1electrolytic capacitor el ectrode according to the
present invention i's characterized

10 In other words, the present invention involves, first, optimizing 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 thel etching pits being joined. The present
invention also involves causing the thickness to be 0.2 to 1 mm, whereby a high electrical
capacitance 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 mass, an Fe content of 5 to 50 ppm, with



in conprising alum num of not |ess than 99.98% by nass, an Fe content of 5
to 50 ppm with 4 the bal ance consisting of unavoidable inpurities, wherein
the total content of crystallized or precipitated Fe is 1 to 50% of the
original Fe content. [0012] An alum numelectrolytic capacitor according
to the present invention is 5 characterized in conprising alum num of not

| ess than 99. 98% by nass, an Fe content of 5 to, 50 ppm wth fhe bal ance
consi sti n&%lrﬂ?%wa\*iema%:mgeofi %mlﬂ%h?%gr{m%&%wherﬁwetgﬁ &ital coptst %ﬁ%rystaﬁlze or
crystallized or precipitated Fe is 1 to 15 ppm [0013] The thickness of

t he al um preigylatedd s ip 1t 80rad skeneriginal digtcooieni.s preferably 0.2 to 1 10 nm
[0014] An alum num el ectrolytic capacitor according to the present
invention is ¢dERacterized in conprising a capacitor anode in which an
alumnumplate is etched so as to |eave a core part having an average

thi ckness of 5Qt Oydfh@m élect%d]ﬁicc%bﬁa{orp%&dremgi Rot R IRedehi CkP&ERN is
direction, in which a dielectritc filmand a solid electrolyte |ayer are

di rect _ tric fil ol 14 | |
comosta rai iR imARiRhRY Pk & fusPnid o IR BT EL IR &5 ©
to 50 Lth the bal | Sti f . i dabl e i ifies, d h

a total COntBRPTLALY e TAES ST iR RS R8O Al R

original Fe content and a thickness of 0.2 to 1 nm and an anode | ead that
is 20 el ofcrpielized otpicaweieled Feds | kel Tpma. part of the capacitor anode.
[0015] An alum numelectrolytic capacitor according to the present
invention is ¢@@A34cterized in conprising a capacitor anode in which an
alum numplate is etched so as to

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, andl 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; 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 um in the central portion in the

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



| eave a core part having an average thickness of 50 to 150 gmin the
central portion in the 23 thickness direction, in which a dielectric film
and a solid electrolyte layer are formed on at 5 |least the etching
surface, and in which 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

consisting of . un v0|d Ie i urltle nd, has .a total cont af

crystal | i 88t & g, d w ek the g nu%l&#faﬁﬂcanwﬁeéwﬁéé@laﬂm@fﬂo 1
mm and an anode | ead that is electrically connected to the 5 core part of
t he capacilessrthamB%88%] gous}s, annFe henterituefi 1 tenS8| npon. reitly the baagsgctonsisting of
according to the present invention, the etching 1is preferably perforned
over the enivdi¢ible dhpurhiesfandritas angtdacktesuiof assasllieéd vihprecpitaed tRerof lawotke.

10 [0017] In the present invention, the anode lead is preferably joined to

a lateral Eﬁlcﬁldozi tHillessCHT (B2 RAN tmmAaIEH s @hddeVeff thehR e@@ﬁ%ﬂl?%nﬁé&%&% tRd €
al so preferabl y layered together. [0018] A method for manufacturing an

al um n%Jm ﬁ}ahodf%é & g&poa%(t) according to the 15 present invention is
characterize P erform ng al ternating-current etching and

enl arging the Tbl‘{)]é’)gce area of an alum num pl ate, which is conposed of

al um num of not than 99.98% by mass, an Fe content of 5 to 50 ppm
with the bal ance consisting of unavoidable i npurities, and which has a
total content & thealemiun deeiradytigpeapetifirtaseadingdo die mresens yEoiesy, thariching
original Fe content and a thickness of 0.2 to 1 nm so as to |eave a core
part 20 haypreferablyamefoaged olvec kieeasiretfy &Otht drdb Gnth bank tshefacs nifr the qapacitoon
in the thickness direction; subsequently perform ng anodi c oxidation; and
form ng aggapacitor anode. [0019]

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 alternating-current etching and
enlarging the surface area of an aluminum plate, which is composed of alaminum of not lessl
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 pm 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



A nmet hod for manufacturing an alum num el ectrolytic capacitor according to
the present invention is characterized in conprising perform ng
alternating-current etching and 25 enlarging the surface area of an

al um num pl ate, which is conposed of alum numof not less 6 than 99. 98% by
mass, an Fe content of 5to 50 ppm wth the bal ance consisting of

unav0|dable i and whi ch has total conten f ystallized o
preci pi t ath E@géfo y W%?S’lﬁnrfﬁrﬁ%‘ﬁﬁltao @kﬁ@é@rrbfwﬁztﬁwaﬂ D COBYSINE P
| eave a core part having an average thickness of 50 to 150 min the

central paneyadeblaimmeitichi aknelkish diy e tethlogontent bE exysieHizey or progimitesdrtienaf 1
anodi ¢ oxidation; and form ng a capacitor anode. [0020] The nethod for

manuf act utdé 1§ pm ahdi @i thickness et 0. Dy thi @G apasi tb deavacs o61@i pagt havidden aperagent
invention also preferably conprises cutting the alum numplate after the

anodi c  oxhidlds0Br sang (501 g hBReARAARKEA it HRdidkANardchBn aibkEichoN!

and back surfaces 10 subjected to the alternatlng current etchlng and t'he

anodi ¢ OX|gﬁ£ﬁ8ﬂ an&ﬁga$§@%§9 h#%nwf éﬂﬁ%m.@@t etching is used when

nanufactup' RePa e a un1nun1e|ectro|yt|c
capacitors, ? @ﬁﬁgthe advantage of allomnng the solid electrolyte |ayer
to be reliably P d to a considerable depth since the dianeter of the 15
etching pits is |arge when etching using such nethods. Depending on the
desired char adbermghod @rdnamuf@ct@m@@m wainem cdgrdelitisr capaiitos eccardingdatthe
etching can therefore be used for |lowvoltage solid alum numelectrolytic
capaci t or presast ingtdtion] 162 Zrefetably campssds ncudinge thes siaminling gddte cifiter eind asddidi ng
is used, the alumnumplate for an 20 alunminumelectrolytic capacitor

S: 5(r:nt Lagne C())];%Rﬁlg?l‘ii: ﬁelgis tfﬁﬁéﬂ gtgé é%gﬁél%tok et 'h@’ﬁh %Stl&hél{tﬁt@tf%ﬂt Z&Y bickC ipickesi NY
y nmess, e content of 5 to 50 ppm
With qq subjected to the alternatmg—cm'rent 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 advanfage of allowing the solid
electrolyte layer to be reliably formed to a considerable depth since the diameter of the

15 eiching pits is large when etching using such methods. Depending on the desired
characteristics 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 unavaidable impurities, wherein the cube orientation content is

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

[0023]



t he bal arice consisting of unavoi dable inpurities, wherein the cube
orientation content is 80%or nmore, and the thickness is 0.2 to 1 mMn
[0023] 7 An alum num el ectrol ytic capacitor according to the present
invention is characterized in conprising a capacitor anode in which an
alumnumplate is etched so as to |eave a core part having an average

t hi ckness of 50 to 150 min the central, portion, in the thickness . .
direction, in WHI cHuminiing| eleetrolytiq i papagiy fcewfling &9 eier girgaeat | igyetiony ds
formed on at 5 |least the etching surface, and in which the alum num pl ate
i s conposetanattearadninmompofingat caph@ss ahddmindghigigas bymmaws plae issdachedsb @ato of
5to 50 ppm wth the bal ance consisting of unavoidable inpurities, and
has a cubgefeiacithr@bh@hagiapla@niveRie JREs D@ NS0 ant i bk RESSal poftiod. i the 1
mm and an anode lead that is electrically connected to the core part of

the CapaQﬁiEB{efs%?ﬁgﬁion}ﬁl &vﬁﬁﬁzg dibReARIBnCARE S(?ﬁ:l é’l’t@ét{oéﬁtg ey b oGed Bn at

preferably per over the entirety of the fron back surtaces of
t he capaci,t or,,anode when struct ur,i. a solid electraolytic .capacitor. .Th
anode. Poad bR ERERTeF ofidh PR R B Epfint BEE S Poraea ARy of
plurality of the caggcitor anodes are al so preferab!ﬁ | ayer ed together. 15
[0025] A dessrben P3PSvabyimass..an hg captend o damOarmapt Bl s balgagsaeqnishing of
according to the present invention is characterized in conprising

per f or mi ngmdyaidatle oupwréies, stdchhsrrgehedrieptatian gonignt ¢fe8Garor awwe anda thickeass

al um num pl ate, which is conposed of alum num of not |ess than 99.98% by
mass, an k€ ©Dnd ninngfand dr0addleplend thvttib eldeericall) aoaRect@N®) Slel dige 9hrt AT the
unavoi dabl e inmpurities, and which has a cube orientation content of 80% or
more and gapddhbekiies of 0.2 to 1 nm so as to leave a core part having an
average thickness of 50 to 150

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 avérage thickness of 50 to 150
um in the central portion in the thickness direction; subsequently performing anodic

oxidation; and forming a capacitor anode.

[0026]



min the central portion in the thickness direction; subsequently

perform ng anodi ¢ oxidation; and form ng a capacitor anode. [0026] 8 The
met hod for manufacturing an al um num el ectrolytic capacitor according to
the present invention also preferably conprises cutting the alum num plate
after the anodic oxidation, and form ng the capacitor anode having the
entirety of fr t andQCP ck surfaces supjected to the direct-current
etching and th A T A D BBAPINHR L1GRBORAY FaBRCIIOR AEFOREE P HBE an
alum num el ectrol ytic capacitor according to the present invention also

pr ef er abl yresempiniveri®on aliseipreferahlvapeaprijce auitting thel aluayizim folade ager thveanaslie
part. The |l ateral faces of the core part are not intended to provide

el ect ri caloxtiapaw,i dndndeaningt the reapauiter anote ke igatesentitetyoif diont bed daddeufaad i s
joined to the surface of the anode, the 10 situation in which the '

anode- |eaQub@ét9dﬂchEgﬁ'@(§tlcﬂﬂ§nﬂj&clﬁﬁ’é af ¥ bAGHiebe@bfibcal capaci tance can be
avoi ded. Deterl oration of high-freguency characteristics due to structural

factor at the (pﬁgtl ons for joining anode | eads can al so be avoi ded even
‘when u5| ng nu rous layers. The entirety of the front and back surfaces of

t he alum num plate i ched, whereby the. aIu i num pl ate .can be used
effectively, a s ipishof Bronanuieti g n e@a&e obifle chossiioE Aecredipe 1gghe
thereby. [0028] In the method for manufacturing an alum numelectrolytic
capaci t or pasedriayegon alspreeferpbbiseomprisavioiing an anededeadreladntstp! faceof dicetanp | y
used when joining the anode lead to the |ateral face of the core part. If

| aser wel ghartg Tl lateeal, fatdseofSthetcozaparb eref wt Liseddat wopivinlg dlacttidad c2fhcitance;
t hi ckness of the lateral face of the core part. The dielectric filmwll

not be pr¢g@efordMntike cadedtif vlic AtCardec bR %%roﬁleﬁatbtthé RuitfiteSofC@e &inblle, the
| ateral face is cut after anodic oxidation, but if
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, 1as_er 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



anodi c oxidation is performed when the lateral face of the core part is
exposed, the dielectric filmcan be forned on the |ateral face of the core
part, as well. In this latter case, |laser welding nay be perfornmed after
the dielectric filmhas been renoved fromthe |lateral face of 9 the core
part, but |laser welding allows the core part and the anode |lead to be
joined even when the dielectric filmis fornmed on the |ateral face of the
core part g g Prriphutclapgsiveding rllows thy soierrygh and b 2opdes leadtes begipined exen

di agram that di splays a cross-sectional photograph after perform ng

al t er nat i nds the dplectsicdiinng fomed ondhalaianalrfags cfttee ¢ave pab al umi num

el ectrolytic capacitor electrode according to Enbodi nent 1 of the present
i nvent i on;[Blief Desciption of thePesiwidlgse di agram that shows a condition in

whi ch an anode | ead has been attached to a |lateral end part of the core
part of the al ;fmgy]lm el ectrolytic capacitor 10 electrode according to
Enbodi nent 1 of theé present invention; and [FIG 3] is a graph that shows

the relationshi e e r pdyct d the_ total, .conten .
crystapii ved ofFSPebh Bt diaafmEl L el B ot iats e SFRT et by uming
i nvention. Iggeli/% 0030] ..15 1 Al gm' num pl ate for an alum pum el ectrolytic
capaci t or 2Efigt enp eeehing garan auminin Rlatg; for g alummupy, electiplytig Capagitpp| ¢
part 20 6 Lead wire [Best Mdde for Carrying Qut the Invention]

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 aluminum electrolytic capacitor

10  electrode according to Embodiment 1 of the present invention; and
[FIG. 3] is a graph that shows the relationship betwéen 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 paﬁ
20 6 Lead wire
| [Best Mode for Carrying Out the Iﬁvention]
[0031]
Described below are em’oodimenis 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.
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[ 0031] Described bel ow are enbodi nents corresponding to cases in which
alternating- current etching is enployed as the etching treatnent and
enbodi ments corresponding to 25 cases in which direct-current etching is
enpl oyed as the etching treatnment. 10 [0032] [Enbodi nent 1] (Basic
Configuration) The present aspect corresponds to cases in which
alternating-current etching is 5 enployed. The alum num plate for an
aIuninun1eIectﬁQﬂ¥Hic capacitor electrode according to the present aspect
conprises alum num of not |less than 99.98% by mass, an Fe content of 5 to
50 ppm with tfhEémbadieneoel|consi sting of unavoi dable inpurities, wherein the
total content of crystallized or precipitated Fe is I to 50% of the
original Fe conBe Comyehrathm)t hi ckness is 0.2 tolnm 10 [0033] Wen a
solid alum num el ectrolytic capacitor is manufactured using such an

al um num pl at e al i tighd ¢ I s OF he ;
um num p Th@r%r%egﬁtﬁhﬁs&T %%g@bgm;@ t6 /488 S WHidrS PR GAS BRELn@NELHIRE is

surface area of t num pl I's enlarged so as to |leave a core part
i cknbes SHIFRBRE: e SHEERmpirteronng albmButsltglieSEPhaRs eRREMEH-Rib S
Dot ogr apko THF FFCGISRF & PR UIIEY! i A AGHHL0S o Be e FOR U55H o
alumnumplate 1 so as to leave a core part 2 having an average thickness
of 100 pmbSita S0ppng avitrthé bgende eomsisting plunanpidrble smpuiiticsc whengin tha dotalcopeng h
etching-pit 20 parts 3 have been fornmed. The alum num plate 1 conpri ses,

e. g., al umifonrtaliized ok pre@ffitatddaie is 1 to 50% of the original Fe content, and the thickness is

0.2 to 1 mm.
10 [0033]

When a solid aluminum electrolytic capacitor is manufactured using such an .
aluminum plate, alternating-cusrent 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 cenitral 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 wm 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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99. 98% by mass, 30 ppm of Fe, with the bal ance consisting of unavoi dabl e
inpurities, wherein the total content of crystallized or precipitated Fe
is 5% of the original Fe content, and the thickness is 0.35 mm The

el emental content of the inpurities is 35 ppmof Si, 1.5 ppmof N, 1 ppm
or less of Ti, | ppmor less of Zr, 2 ppmor |ess of other individual 25
el ements. 11 [00351| The al um num pI ate 1 is then subjected to anodic

oxi dation, and[¥3adlelectric filmis formed on the al uni num plate 1, after
which the alumnumplate 1 is cut to a prescribed size. As a result, a
capaci t or anod@&hg alwhinuin plhte leisttheresubjested tocanodismixidatidnbamka dislgcaie§inofis t he
5 alum num plate 1 have been subjected to alternating-current etching and

anodi ¢ oxifstated @n th€ almbeurd Plaad Dedier MBQBGhe aldnligand phitd € infut & heresaitedsidecad
is joined to a |ateral face of the core part 2 of the capacitor anode.

FIG 2 is @ Jesh! RihyRitdh éﬂé&rﬁht\bﬁfch ROV Rty AN AR anfl Bﬁ@k%ﬁrf@d&s %@Qﬂ@ 10

| ead has been attached to a lateral end part of the core part of

I I d h
present 1 AVEREPEPIRT bRAURG T RhicElea3b e ARG Yy g'?fﬁgtl&ﬁﬁé g

is joined to a Iateral face 4 of the core part 2 of the capacitor anode,
which is §ath%\P]EtH’@8dby the etching-pit parts 3 forned on the

af oredescri bed al um num plate by alternating-current etching. The joining
method is 15 pl@3&fably | aser welding in which the spot diameter is focused
to less than the thickness of the core part. A practical spot dianeter is
20 to 100 m [ QORAH wife sobihdr ehwietlem istjeincdyera hgrdl Hade ddthewdropart Bef the

surface of the capacitor anode, after which a cathode is formed on the
surface ofatdfosSRlddd. FIE6CHOhVeSripAYE HiddPind e sRAVPR BoMBREEin Fhich 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 tlrte 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 a cathode 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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20 silver paste, or the like; and an electrode article is forned. A
prescribed nunber of electrode articles are then |layered, and a solid

al umi num el ectrol ytic capacitor is manufactured. It is accordingly

possi ble to manufacture a solid alum numelectrol ytic capacitor conprising
the capacitor anodes, which have the dielectric filmand the solid

el ectrol yte Ia%er formed on at |east the etching surface, and the anode

| eads, which a @mgﬂectrically connected to the core 25 parts of the

capaci tor anodes. 12 [0038] The order of the steps perforned after the
formati on of tAdecataciftthe stapropeformgd bftec therfgouatitepenttic cgpasiiot inwds agyebof
the el ectrode, but joining the anode lead to a |ateral face of the core
part of t kBarpepdAepdrdingtitDthe shspeifaheeRrbr®lel Buidblnig@tRSno& [eBDEO] latdrilefaad | ed
Configuration) The purity of the aluminumis 99.98% or nore by mass when
etching 1 $raR ORI A OEse ARl Al AbiSIsRLABISheAlhigal current. Wen the

al um num content,” 1.e., the alumnumpurity, 1s less than the lower limt,
a varigty of niéﬁi conmpounds will crystallize or precipitate to an 10
excessive degr éﬂring sl ab casting, honbgenizing treatnents, hot rolling,
or other steps._ These netal  conmpounds have a different electric potenti al
fromthe al un hipteHed FPRigwaEon)t her ef ore early-di ssol ving portions will
beconme nore nunerous and progress excessively during etching, the etching
pits will be dddegpusty ofthealaminum ic2.9¥apavioraby sass Whendetchiog seso peffoomed 15
When the anounts of Si, N, and other inpurities in the alum numincrease, -
t he anourkingfalteBlatihg eRoRPRENESTEND Wienthé bivkmiuh|cohrat, é2s ehe dlomigunt purigar

t hese conpounds will coal esce during etching, and therefore pits will be

more | i keliy1ebomaRleaR9er 1iAda Sh8GY o hithal APBEAdsARTCYthilizdSCHBaRRate Y &R
the amounts of Ti, Zr, and other Tnpurities’increase,

10 excessive degree during slab casting, homogénizing freatments, hot rolling, or other steps.
Thesé metal compounds have a different electric potential from the aluminum matrix, and
therefore early-dissolving portions will become more lnumerous_r 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. |

[0041]
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defects will occur in the oxidation filmfornmed during etching, dissolution
w Il be induced 20 over the entire surface, and electrical capacitance wl|
decrease. The amount of Si should be 60 ppmor |less, and preferably 40 ppm
or less. The amounts of Ni, Ti, and Zr should all be 10 ppmor |ess, and
preferably 3 ppmor |ess. The anmounts of other inpurities are preferably 3
ppmor less. [0Q041] 13 Such high-purity_alunm numjs manufactured after the
primary el ectr oM} L%g%ri%’c”él’ alygunug dg mapglachises afiesthe Priggey 3@?%3!%93%@? bas

met hods and crystal fractionation nethods are widely enployed as the
refining mesthisdingdedhese-layer slepwdlytic nEte dyaind crysial dfaciidnatremmetidds arardidsty Fe)
ot her than alum num are renoved by these refining nethods. However, Fe can
be used asmpldyediandie refihiay intghwiged aethis paiat. €bet 0hjodty dfrakemdrnty (indludingeyunt s
of various elenents are therefore neasured after refining, and when the Fe

content i %tﬂe?ﬁﬁmtalf'&ﬂinﬁnpz[r@§&ﬁ&\%@%yatﬁﬁér}%ﬁnin§@ne%6d§? HORNEF, FRldaR e Ued R€s

like is added to the nolten netal "during slab casting, whereby the Fe

conten | s.ad) weh e FHBS: FRALANE Shoulibe A 830 PRI CAN LigklhRg, he

amount “of " Crys on and precipi In The appropriaté tange
is difficult en this value 10 exceeds the upper Iimt, and pit coll apse
due to [nﬁi%?ﬁw%ﬁ%m%%ﬂwqﬁm%@aﬁﬁ% e ﬁ?) CMFHdniess @@HM%@P&?& aﬁnf)w%a
starting points will be too few when the anount is |ess than the | ower
limt; thepdfldieanodieralin erahe dikpiciddad de thd mbltemeewh dutieg slafa sestinghwheralunt
of Fe is nore preferably 5 to 40 ppm [0042] 15 Controlling the Fe

cont ent aitle Feheonteoit & adhustdde rthede conteat sHduldzBelS ar SPp@al Rohrbldidg Fe: arsount of
particularly inportant when etching using alternating current. Crystals and

preci pi t atBmtallpAHbAI MU NGedifitdtitn! Wiin Be hpprddriteranfd 85 iffiedi8 FehenAhis Faue
M-Si, and other metal conpounds. In this instance, "m' is a nunber other

than 3, or .Bocedfhe %pérslitﬁit%@lpitekoqgsgé 4at qgr[tﬁel?aqj] ch%pounds will become more

prominent. Conversely, pit starting points will be too few when the amount is less than the
lower limit; therefore, electrical capacitance will instead decrease. The amount of Fe is more
preferably 5 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., AlﬁlFe, 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
pmminent 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 Fe.

25  Examples may include manufacturing the slab using a rapid-cooling solidifying apparatus
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The total content of crystallized or precipitated Fe should be 1 to 50% of
the original Fe 20 content, and preferably 1 to 20% Pit coll apse due to
met al compounds will becorme nore prom nent when the total content of
crystallized or precipitated Fe exceeds 50% while, conversely, pit
starting points will be too few when the amount is | ess than the Iomer
limt; therefore, electrical, capacitance will instead decrease,

manuf act uP¥egasmet bibdcasier it Whighripe dustak F(gphngnéipte% 159 Konrle &/ﬁsar@oﬂﬁ% °Pbhg
the total content of crystallized or precipitated Fe. 25 Exanpl es may

i ncl ude mawhseausnt coldgroling ®l piovidei sgreacniendi hickoedsi fioy etrbirigdior lompeeppaeaa us
14 such as a belt caster in which the nmetal cooling speed is 5 to 50C s,

and usi ngsai-yontiBubsbetnkliab al 8 téndpdratag: 46 30P0\0r deora, piesastiigda phtecd@ite@ S
for etching; or honogenizing a sem-continuously cast slab at a -

tenper at upgt ﬁﬁllx%%%%ﬁ&hé@ﬁrﬁber'@%%s% Hr!fhir@&l ft tlﬁ’é AhR t93éRd thé"t@%np&ﬁ'tdrk RGP

that the nunber of passes required for the pl a e to reach the'tenperature

region. 5 2 a5 I.ng
ont'y cor o 3 R ETE ot Rl 89 piTaepEE R el Ao f?ls%ldtr%ﬂﬁ*ﬁ BB
hot-rol |l ed pl The to aI ont ent_ of aII ed o reC| e can
be measur Qﬁst’ﬁ?b%ﬂllwk% F‘Fg‘ll li‘fﬁtrﬂgﬂgp afey a'rlFéF é%ta{)Forg tﬁ@é‘%‘f

i ncl ude dissolving a sanple in a hot phenol solution and neasurlng t he
residue @icipitatod Fopapp owhsused $3i willdpewn ranalsisisr methops.OESxamplesn of cPchiass
spectronmeter (I1CP- 10 M5). [0043] The etching pits formed by alternating

current usethidenglaclodanpiesuidag prsas@id iniathot apgtod polutde arhmemusing shestesidte ng
points for progression. Branching therefore occurs, and the pit dianeter

i's extrenmgkye AW RicaP EMALBh sptQforh@SSaCHES of %H'I@Q M&ds%e@kdn@ét&aﬁcm 15
cur rent br anched pits having extrenely narrow di aneters wll be produced

in | ers particularly when the total content of crystalllzed or
pr eci p|ta ed’Fe is 1 to 15 ppm and an electrolytic capacitor having a
hi gh product of[o(?‘l!3?ctri cal capacitance and chem cal formation

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
clectrolytic capacitor having a high product of electrical capacitance and chemical formation
voltage 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 thereforé preferably used as a material for a
low-voltage capacitor formed by a chemical process at a voltage of 100 V or less.

[0044]

Etching using alternating electrical current is performed So that the average thickness

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

15



vol tage can be obtained. The reason is thought to be that Fe-containing
crystals and precipitates effectively generate branches during progression
of etching, and the nunmber of 20 branched starting points reaches an

opti mal val ue when the total content of crystallized or precipitated Fe is
in this range. This plate is therefore preferably used as a material for a
| ow-vol t age capacitor fornmed by a chem cal process at a voltage of 100 V or

| ess. [ O0&PingmsEg; %@n@epagwawemﬁébr ﬁ@nbfrrétfterqh&a staags shaild P Z 98 P1oBs- mbkE so
that the average thickness 25 of the core part reaches 50 to 150 m An
el ect r ol ytfiestctage anvilmep, cid. oflowingi anasltdrsatingeclesttien cutréniehaingg relgiivgdy high
alternating current, and the nunber of etching stages should be 2 or nore.

The fir stcuﬁéraglenéiryvﬂalr \wehortepeiod of ltew agl frmdlg euabungited] ks ile de wuomdnt
having a relatively high current density for short period of time and

form ng NuABTALR qhd istedls WetféTedl 1 'H":pﬁ ?rl‘ﬁiChI %Qﬁ&ﬂ%‘tﬁi‘%} cﬁ&éﬁ%vmg a

(referred to as prlnary et chi ng") ernatihg curre aving a | ower

current d t h rs e.s use a I h V]

over 1t el %&ﬁl%r r%farn S EREC e, I B, 0L B oS M e 18@%1; e
to prevent chemi cal |y Ss drssolutro A 20 0 solutron avr

to B ol / LBRTRHIC R ARt dag!s Bl l%loécgf teusreen&rc TRy r st
stage. The addition of a mi nute amount of sulfate ions, nitrate ions,
phosphat e usdess dissehitiane A @Ady 60FC solwtion hgpisg 2o %mOHchifrréﬂcrrm@sloas ghealdbe i n
10 conbination is also preferable in order to prevent dissolution of the

surface. Ascdsadihtictsttropn®ufthe first kage. afige addition @2 atmintite3armmlrt lof isalfatd éepsat e.
Si ne waves, square waves, triangular waves, or the like nmay be used as the

al ternati %ﬂra(ié”i&%ntphwﬁﬂh‘ﬁ{eofd?i’s 8Rdatd {o8s, l&ooﬂﬂér @%ﬁétstlﬁ' oHaE néaﬁ)ng hgone or 11(1)

frequency The current density is preferably 0 and 5 to

0T R 8l b e B oty g,
oo he ol scliglyige oThe GAOLgR ot T ot o Sl (aLE.] 05
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 Alem?, and 5 to 50 C/em? 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 Alem? is preferable. The
amount of electricity is 500 to 4000 C/cm?, 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 um.

25 [0045]
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oxidizing ions alone or in conbination is also preferable in order to
prevent dissolution of the surface. An addition amount in the range of 0.1
to 0.3 nol/L is adequate. Sine waves, square waves, triangul ar waves,

AC/ DC superinposed waves, or the |like may be used as the 20 alternating
current waveform and 1 to 100 Hz nmay be used as the frequency The current
density is set lower than in the first stage and a range of 1tol Acnt
i s preferabl e. (Pigolution fighavir of Materialedyrng %lt%@ilrtgocu@@g F@*&Iﬁ@ which is at
| east ten times or nore the amount used in the first stage, and etching is
performed so t hhdradhbormvasichigethe priglanesed afed hecledraytpastthing eavhich dect or 150
m 25 [0045] 16 . (D ssolution Behavior of Materials during

Al ternati Iagcrﬁhwir[geﬂirreﬂt ¢hingd) bilytie gedtenr invemoisddis®veted 1@Qinchl ph@tbnidha in the
electrolytic etching primary in which direct or alternating current is

used, but dis@&uHBI?SSéHavio@V%Ft HeS iHiSEAY eaGhet iIRHAkinPREACIENG AL iR which
dlssolutlon behaV|or of t he naterlals during alternating-current etching in

Ao e DNORROHE R Sl Sofll ek he RS drisbibuiah U AR RE

dlssolutl I Ng I'S expresse

t he amount of chenlcal di ssol utign and th anount o electri

di ssol ut i GHTERfr FRYnEIE éﬁﬁ@ﬁ%ﬂﬂgﬂ%&erw Oénﬁ%tamsa%.f)é chefea ﬁlb*aﬁtmfeﬁ and the
chem cal dissolution increases substantially Ilnear;é in proportion to the
total coneswuniohf etaojrinah|disselstion rdusing calismaiingdurent Fierkolykianoheh@monst of
thought to result fromthe positive 10 electric potential of Fe-containing

crystal s ahémipnledisgiltriadre sncie@kad sutstahtialtsh éine@ty i prdportivas i eentotal betene df
that the area around chem cal conpounds having a positive electric

potenti al i fIsRHVESpopRSkd PNETRRYpRABMRAMNAY (HfugHi &S%suﬁlmltﬂ&@sgﬁe@
Anot her phénonenon is observed mhereby t he amount "of el ectrical

G oSPLYt ! BB HRSLSARGE 0RO B8 SHCRRBEs LSRRI 08,
amount,, afil&fe nemhe%[htkfehgreg Iasrgt?r{dugllle?nnica mc)(l)anlgoén < raswensg gngoslljt? ! e%ctg'l(c): Igoqgr{t% S€.
dissolvgs 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 preséribed
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 dissclution 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
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[0046] Due to the characteristics of alternating current, electrolytic
etching in which alternating current is used involves repeated alternation
bet ween di ssol ution, which occurs primarily in the anode hal f-cycle, and
hydration-filmformation, which acts to prevent 20 dissolution and occurs
primarily in the cathode hal f-cycle. The present inventors have not
clarified the nmechanjismof this, dissolutio and dratl f|ln1fornat|on
during al CeRGFRITRliL 0 Olbidresn i igpe i g Sﬁyé{ﬂﬂ)ﬂ decretetidhe 84S HRTeB AR .
[0047] Specifically, the hydration filmis not readily formed on the
surface ofrespl, ganthmughtnidat the hydsasion fBmawdl be &aingil traere shigkly in dogagiens having
difference in electric potential fromthe matrix, and the 17 concentration
of hydrogemeﬂpﬁ&ﬂﬁmhi%emhmdhaﬁhgpﬁéhémﬁhddﬁﬁ@&crease if the pits deepen. As
a result, it is thought that the hydration filmwll be formed nore
thickly in | ocappqmrs having deep pits than in |ocations having pits near
the surface. [0048 5 The degree of dissolution during the anode

hal f-cycle is S I

crystalli zed o?frhgrdeégE #Oqlggl@% d&g % ca(?ale ?fvé?'% ait Wgé)séndri% togjon fehrll neg
crystalll [ eci ted S Iar n.the anpu

SRR R P LR M S T Ay
Fe- contalnlng conpounds in the same manner as chem cal dissolution. |t is
accor di nglcpystalldzedrar presapitatedeFeiisdatge uitd. onhesr the emoyacefr Fo-¢nptaioing comppinds i n
t he anode half-cycle wll prevail over the dissolution-preventing effect
due to theghyedrlgtdisoldtiohmmdéressee draund tthe Feebhaténdhedfipamds &) thehan@reamer
around the Fe-containing conpounds dissolve early, pits collapse during
the etchi ng JheRERS HisseREioh Nl aEIBbrdtgly dhsial Whdt Ofle | GORASE SoffccP @d&lring

10  primarily in the anode half-cycle will prevail over the dissolution-preventing effect due to
the hydration film formed in the cathode half-cycle, the areas 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 smali, 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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15 Conversely, when the total content of crystallized or precipitated Fe is
small, i.e., when the anount of Fe-containing conpounds is small, it is

t hought that the dissolution- preventing effect of the thick hydration film
that is formed during the cathode half-cycle will prevail over the

di ssolution effect during the anode half-cycle at |ocations having deep
pits, and dissolution will not readily occur, while pit progression also
st agnat es; howdd@®) at the 20 thin surface | ayer of the hydration film
which is formed during the cathode half-cycle and has a higher
concentration df i§ dmsighhént ttherel vcat ioptimahaulueglodebp qiantty df ciystalline and
conjectured that the portions at which pits are formed will dissolve early

and di ssolpuddigitainniatere ih &ﬁ@@@ﬂn%d&&enﬂd?&t@[}&icr@clﬁﬁ facea rehat, ampowiwati-
di ssolution wll be | arge over the entire surface of the surface-Iayer

par { - even yhuhoCaReORH bdlobiBficl SARIPRE (GRS ah i RirtSalcfotfh ibsOh.B5P AL
does not 'y occur are present and e anount of dissolution w

ef fectjvel ncrease. .1 is thou t, t |

Val ve 7 or AAEAGRERTTery ShpkRPTS being o kiR PR IS 1 TaePf RO or
alternatln -current electrolytic etching. As a result, a downward- bending
curve wi | [FE08 YABOHF SEM AN aR PrREIRIHIGS Wit s TS et of Teshichin o SsPlPB N
during 5 alternating-current electrolytic etching is measured and plotted
rel ative turingelttoetihg-ewroan telesfrolseici atching ionthe veyiseladds and thyr tdal pimamne of
with the entire anount of reduction in dissolution during

al t er nat i Rgystdllizednindebeipitalell tF of11aBI HogizOMak hesVETlid eRttriR¥l Sa@nilarichaffent al
anount of crystallized and preC|p|tated Fe on the horizontal axis. The

el ectri calygapa %%gearﬁ’rf Brof Ry (,Iﬂ'g 1ﬁ1rtﬂs§ohﬁloﬁ”£1§6‘tha9é 4 %ﬁhﬂﬁ&ﬁtfé‘ﬂy' flverse

dlssolutlon al'so have a substanti I nverse 10 rel atlons i p. Thée reason

h
ot ai b ng PO i L ARS8 paf oflelbe Phhe 3 #fs%f"el%s%f% a}:l%uoo R

| ayer on mhlch it formed wl| dISSO unt of
Fe- cont ai MPIIES h@ﬁ?ﬁéﬂ% caailamce g cplte sugface ! i S TR BB iRt e
pits wll coIIapse when the anmount of Fe-containing conpounds IS

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 pfecipitated 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
clectrical 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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| arge, as described above. The total content of crystallized or

preci pitated 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

rel ati onship between the CV product (the product of electrical capacitance
and chem cal formation voltage) and the total content of crystallized or
preci pitated Fe when 0.35-mmthjck alum num plates that were provided with
various 20 di f fiée axthaddorpiching it slupinun platesiinyoed, Hrstyegrsapng fegupgum
during casting and heat treatnments were subjected to alternating-current
et chi ng. Phaespisatgesl.¢ dhpriste solatiemiaftemwhith notiall pssvere hamed 9508 Yodbirstretege 25
ppm of Fe, with the bal ance consisting of unavoi dable inpurities,

i ncl udi ng t3atnR@AM OfheSinitial . BtsPiBreOmald to Lrdprandrettidsg pifs wak heohiplaed! idrthe and
2 ppmor less of other individual elenments. 25 [0052] 19 The nethod for

etching t @@co%hlégﬂg?Ue{[\}lidp{}ﬂcles?‘tag-eni‘rl%tﬁﬁﬁts. P iAnShno i PxRARLALILIBGrE! i KA then

pl ates using a O. caustic solution, after which initral pits were forned

using the first,-stage . treatnen e initial pits were nmade to W
orcning pilt e Eifipichl BREFR M 0 V B s s Seliol iR g’ e
treatnments, An anodic oxidation _dielectric filmwas then 5 forngd by
cheni cal [Stest&ak capacianoy and e Qﬂaefaﬁ%at@m YRltagp vegre dﬁ%ﬁxednafé?a{%wg- %h%
el ectrical capacitance and the filmformation voltage were neasured after
dryi ng. Thawuaholhe infAlfe metahicompowstsavascorpowgi by wissolvigsiic adiatps in a hot
di ssolving the plates in a hot phenol solution and nmeasuring the residue

usi ng | CPphdigd sbiugiah aBd in@onthd thenssidue dshey FAI. s The tlaiaegh codditichsSh algefirsper e
as follows. 10 First stage treatnent conditions Solution: 4 nol/L of

hydr ochl orgy@u@tinthd tidded whRl dslfo@dws ul furi c acid 50C Conditions: Sine-wave
alternating current, 20 Hz frequency, 50 A/dnR2 current

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 sulfuric acid 32°C
Conditions: AC/DC superimposed wéveferm {(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, 23 A/dm? current
density, 2700 s electrolysis time
[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 10 ppm, or, more exactly,

25 at4to7 ppm.
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density, 45 s electrolysis time Second stage treatnent conditions 15
Solution: 5 nol/L of hydrochloric acid + 0.1 nol/L of sulfuric acid 32C
Condi ti ons: AC/ DC superinposed waveform (sine-wave alternating current +
DC), 50 Hz frequency, 0.80 duty ratio, 15 A/dn2 current density, 60 s

el ectrolysis tinme Third stage treatnent conditions Solution: 5 nol/L of
hydr ochl ori c aﬂ)d + 0.1 nmol/L of sulfuric acid 32C 20 Conditions: Sine-wave
alternating cut %, 50 Hz frequency, 25 A/dnR2 current density, 2700 s
electrolysis time [0053] As can be understood fromFI G 3, the CV product
i s hi ghest whefPtinerytioffents efghe Bresentdéspestyst al | i zed or precipitated Fe is 1
to 15 ppm with a peak at 2 to 10 ppm or, nore exactly, 25 at 4 to7ppm

20 [0054] ( PriAsateycriclledbee, tie dirainkdhesaity, Rs@@tdn), ahd telelsantdne df absayidized he
al um num purity, Fe content, and total content of crystallized or

preci pi t atyedprEQpidted GRt b 6?ﬁ'rniz@dtiﬂet}é| HITh A PHIakeidrOfn @@kl BlePRrolytic
electrolytic 5 capacitor electrode of the present aspect, and therefore

deep ok ohighse BOSHIA & o bRHE L8, SHaNLOG L bocPSLAR ORI Qubhiiqness

of 0.27to I"nmmi s attained, ’etchrng to “procee
obt ai ned, CHfin ReF DPOEQOUHE nrBERIGS Saere - 4HNDS Heueton OHOR BHLH fhg
the electrical capacitance of a solid alumnumelectrolytic capacitor
havi ng | apereed anpaedeeplyo Ancineds dwvimgpa dighy clegleigalc eapagitanse nghdinitrgied gar
hi gh-frequency characteristics can therefore be attained for a solid
al um num eheeefbreobey dibtained padi tharefosy tie niaeer b Baytdsi cak ibessdwabd ten ensuring the
electrical capacitance of a solid aluminum electrolytic capacitor having layered anodes.
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 electrical capacitance of, e.g., 200 j,tF/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  of4.2 mm was able to be obtained using three layers at a height of 2.8 mm.
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alunfnuﬁ1plates is 0.2to 1 m As a result of conbining the aforenentioned

configurations,

t er m nal
t er m nal

Ther ef or e,
due to the
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hi gh-frequency characteristics wll y d the
i s corhecesauts showihbeloat weralobfaded fof theheequeney graracteris0osGhpedce

t er m nal

According to the configuration of the present aspect,

chemi cal | walvepwied inadpatkse diogide wad udsd ko eRlkeiolytd. cal
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not deteriorate
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are not generated. Even when

di nensi on will
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provi ded that the

and t he

an anode can be
capaci tance of,

The effective area can be increased 30%

by enpl oyi ng tqggyﬁrninal joining of the present aspect. As a result, when
a 10 V-150 F capacitor was manufactured in a D case (7.5 x 4.3 mm), an

el ectrical cap?ih§g2ﬁ$ equi valent to a conventional 10-l|ayer product having
a height 25 of *4. was able to be obtained using three layers at a

hei ght of—2-8-+mwm—21 00561 —The results-shown -below were obtained-for—he
frequenc characteristies (MG nce val ue) | UK nanganes,Pmﬁﬁa%ﬁétwas used
as a soli Ltreéefn“ﬁfe?técﬁ'te. 665 s [ Fable ‘i}o'qﬁf‘éi kHz—1066 %’g roduct—Hei ght
Present iqﬁ%ﬁﬁiiﬁiﬁéﬁSS a2 Cf?%%QZ 28— QQl“Lntional atd et e—0-097n—

0. 046 0 4—Z—tm rtantatum-capacttor—0-120—Q-6--098-s2—2-81Mr—10058]

[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 Q 2.8 mm
Conventional article 0.067 O 0.008 O 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% or 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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The resul'ts shown bel ow were obtained for the frequency characteristics

(i npedance val ue) when polypyrrole was used as a solid electrolyte. 10
[0059] [Table 2] 100 kHz 1000 kHz Product Height Present inventi.on 0.023
0 0.003 E2 2.8 mm Conventional article 0.067 S2 0.008 0 4.2 mm [ 0060]

[ Enbodi nent 2] 15 The present aspect corresponds to cases in which
direct-current etching is enployed. _The alum num plate for an al um. num

el ectrol ytPe Heapadie sential pertionda e dBickners disclion allsr adish anedie OKIdatom ses
al um num of not less than 99.98% by mass and 5 to 50 ppm of Fe, wherein
the cube orifemesdt drvha capatientanode i8G8tnoad. nore, and the thickness is 0.2 to 1
mm [0061] 20 When a solid alumnumelectrolytic capacitor is manufactured
usi ng such an [@a2m num plate, direct-current etching is first perforned
and the surface area of the alumnumplate is enlarged so as to | eave a

core part havi ngj.ad waNer3gfr bhbfKBEP S Bin ﬁ;@nédoog siﬁt weldidP do'h [afeeal §5RL ke

portion in the thickness direction, after  whic odic oxidation is
performed, and .a ﬁl%oacit. r..anpde is formed. [0062] A lead wire or other
anode ea&oﬁespaphoé J%‘ipﬁ%%’rﬁg}o epot welding to a |lateral face of the 5 core
part of the cagacitor anode. [0063] A solid electrolyte layer is then
formed on the $¥%Bce of the capaci tor anode, after

A solid electrolyte layer 1s then formed on the surface of the capacitor anode, after
which a cathode is formed on the surface of the solid electrolyte layer using a carbon paste, a
silver paste, or the like; and an electrode article is formed. A prescribed number of electrode
10  articles are then layered, and a solid aluminum electrolytic capacitor is manufactured. The
rest of the configuration is the same as Embodiment 1, and a description will therefore 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 Voltﬁge region to be used is high, the final annealing temperature is
reduced in the range for causing adequate growth of cp.be-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 increasé. 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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whi ch a cathode is forned on the surface of the solid electrolyte |ayer
using a carbon paste, a silver paste, or the |ike; 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 the configuration is the same as Enbodi nent 1, and a description

wll therefore i tted. [0064] he. dj aneter of the _etchipng pits t
be thick \%@ﬁé-u‘@l%ﬁ@%% &fsmf{é@gﬁ&ﬁ RS ﬁmm@l Afgon ojtagg of %@%%‘H’,% \é.a@d,f{rrﬁf
material that is appropriate for a chemcal formation voltage of 200 V, and
t her ef or e atdngabing 2 X¥do HOEYT isureteeable fon highprdhentienl fonmationyoliagepounds present
are not made into starting points for pits is necessary. The starting
points for the[eiahing pits are the oxides in the oxidation filmon the

pl ate surface. The distribution of oxides can be controlled by the

tenperature of 4 RphaibedeRthtibA coRRHB i thet d??étﬂr Pai8le QkrubtdRe wRthinefhb §fad Qs
particles. If the ultinmate voltage region to be used is high, the fina

B Ak ORISR O e i

of cubé-ori anou oxi des’is

reduced. 1f the .nunber, of pit starting pqQints is reduced, the pit. density
W1 deer st GaRECi5 It ottt B, & dfe (hlligs e ¢ Flectidige
voltage is relatively low, the final annealing tenperature is increased,
and the afBpasitosfangdin dex volagssalidelemineth clogterl gisy capaeitqrs.t Fibirg pis resulting

i ncreases, and the pit dianmeter decreases. Final annealing 23 at, e.g.,
480 to 530fom dirgot efeetrzbl @irsdnt havehtaipesplerty of prictaling 0l 4 stgdgloflin2 06 adcordidOe V,
and final annealing at 530 to 600C is preferable for higher chem cal

formati on wifd tha@eystal bBOHaEtion, AnflitEdcfobd the Ukt@R tAWhRIA 16O BicRIMg ddn@ cohescerwh al
[

particle structure within the plate is 5 inportant during rect-current
capact for Poits b7y a4 e b TR, Bk Bl A B SRR ELER ol
perpendicularly to the plate surface increases. The electrical capacitance 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, and 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 fnass 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 particularly 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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capacitors and in | ow voltage solid alum numelectrol ytic capacitors.
Etching pits resulting fromdirect electrical current have the property of
proceeding in a straight line in accordance wth the crystal orientation,
and therefore the extent to which the etching pits coalesce with 10 ot her
pits and collapse will be reduced to the extent that the proportion of pits
pr ogr essi ggm perpendicularly to the plate surface |ncref%s1 Th el ectrical
capaci t andBmiflibedidprsniorem those 08 4 gxidatiomBlne feraree opiearstal patticlpsdiaving cube
orientation content increases. The proportion should be 80%or nore, and
pr ef er abl priogior. Hbisepheho®@erdn isnBtiMeichma ichyset dfedeyimtions in¢lefeicalaeapagitancas
the anobunts of Si, N, and other inpurities nust be controlled as in
Enbodi mantandisithexefdilehoﬁmefembneease the cube orientation content. The purity
of the alum num shoul d be 99.98% by nass or nore, and preferably 99.99% by
‘mass or nore. Ygdd/gus inpurities will hinder cube-oriented growth when the
purity is less” than this anpunt. Controlling the amount of Fe is

par ticyl arly V'ét%lzf)llg éﬁpg%%gtpéléc%%l' cﬁ{}%’t m%gaeh?ﬁné §o %%Pﬁ{éta(v%%gp%hntc %9 >0

ppm and prefe Of i en
will be 5| nificantly_ hin whe the ano , ceeds the vaI ue for
t he upper g ¢AT¢ PATRRACHES ifo ’é’inyglfhﬁl elgiung E’laq"é@)mvrl RO 0 THOTE 51283

limted when the am)unt of Fe is less than the lower |imt, and coarse
parti cl es wheh|peermmgratching using diredtsarment ainwelhas vwiign upige faltermiating persgntn gn
These coarse particles will have an orientation other than 25 cube
orientati aifg fissodtagkhsbdhel Rarremcdeagity 8 uscdnibtin de thasstond had Eobgenént esaged
the oxidation 24 filmwll be different fromthose of an oxidation film

formed on (pryaddad, RaVdEhE Sor@NdPRe PP BianRidr®N LAY ifRal Jitd &e%ﬁﬂ&ﬁe MOKO it§
ultimately a cause of deviations in electrical capacitance and is

ther ei re 9@3& %g{l&?{%ﬁtmﬁ ‘ﬂ%ﬁ%z ttﬁ @&81% 3 sﬂ#ﬂt@%ng'aﬁ(?ﬁ% B1228L1, GRLhGHRE €Nt

is per OI’I’T'E € aver ag

ions should bé 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 C/em? 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/cm®. 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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the core part reaches 50 to 150 m The etching should be divided into two
or nore stages when performng 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 forned. A 60 to
10 90C m xed-acid solution having 2 to 4 nol/L of sulfate ions and 0.5 to 2
nol / L of chl or iAfedes¢rifed abpivaathe Aeminyetpuriy eecoatenttang |ttgtﬁleconmé0EW$té%¥e
density and the amount of electricity should be chosen according to the
prescr i beadr ptezipetatedi Fekorabs clitrecomientdtion rontaniges opfimized in chelpregiht imRewmtiveh, 86d t o
500 Ccn2, respectively. In the etching for enlarging pit diameter, the

el ectrol yTtl@er@ﬂBréJ&ée?rbt&ﬁﬁﬁ & possiblel WitRoutBhd tclihg Gtk BEinBGoinedS A Mickabdstdran
shoul d be used in 15 which a m nute anbunt of Sulfate ions, nitrate ions,

hosphat e I i I d
B one. or - ith Tahm SRRAEE difne MnfiE 15 prod kPSR- L B0 uiE °§3§f+§£§?
addi ti on anount t he range of 0. t.o 0.5 . adequ sol uti on'
Fenper i utbp o S0l S T o@@@é&%&rﬂ% 2 e BleamipEr R Ch BTGP SR by
direct electrical current or i mrer si ve chem cal dlssolutlon when  usi ng
such a soltharelore qﬁbtwﬁrmt@@f@réﬁhr nympe; olelagers can psiredyesd prhepesngping a
approximately 0.1 to 0.6 AlcnR. Etching is perfornmed so that the anobunts
of di ssol yréseribéd elavthicdlivapiditents ourrapacier deving laysisl anodes hawieesdd capacity,
dissolution are 1 to 10 tines the anounts of the first stage, and

pref er abl Yeduck® skze! bt inpréti&l highdtdqhendyl dRrdcterBfits &dh thbaffore e amaledder an

t hi ckness of the core part reaches q50 to 150 m [Industrial Applicability]

25 [0068] faﬁﬁmﬁﬁmd?%ﬁfdlygﬁ:dcaﬁgaiﬁ? 1e.v$ﬁ‘@vh@ﬁ('§ﬁ9 BHTNPY dithe ﬁuﬁlﬁﬂ:ﬂ SRty isamed pt al

content o crysta 1 z€ pI’ECI pltate e OI’ the CU e orientation content

are optimzed | n the present n ref e
possi e WBndi > FROGTCRIY bt e Rt TR Oafk?r@ T
is attained, allow ng etchln% roceed nmore deep lY ‘&o a depth of
50 gm or thick; therefore, an cxternal ermmal 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. 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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5 nore or 100 gmor nore. 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 a prescribed electrical capacitance for a
capaci tor having | ayered anodes. |ncreased capacity, reduced size, and

i nproved hi gh-frequency characteristics can therefore be attained for an

al um num el ectrol ytic capacitor even when the thickness of the al um num
pllates is 0.2 {Boaumentrkifle]as &laigsul t of comnbining the af orementi oned
configurations, the core part can be left thick; therefore, an external
term nal ¢Emikd]connected to a |lateral face of the core part even when a
termnal is not able to be joined to, e.g., the surface of the anode.

Therefore, por WnONSmiduRaplaféofon el aRhfMiERlRtrBBAIL ict@tciterdlagiddeNetRrdcterizBe in
anode due to the connection with the term nal are not generated. Even when

anodes areg,l. Sﬁﬁd’ t he height dinmension will not 15 increase, and the

hi gh-frequency characteristics will not deteriorate provided that the

term n@l is conpected %o t he %ﬁé{g#{?f ace of the core part. 26 [Docunent .
orh 1 ‘

Title]®daims SUEFEEOL PO Ydt®Sf or an al um num el ectrol ytic
capacitor electrode, characterized in conprising: 5 alum num of not |ess
t han 99. 98% by Srias8 prmftks; 8@l ppm of Fe; and a remmi nder of unavoi dabl e
inmpurities, wherein the total content of crystallized or precipitated Fe is
| to 50% of t he remaigieralf vhavoidabit mmpuritite. Wigireinm 2] An al umi num pl ate for an
al um num el ectrol ytic capacitor electrode, characterized in conprising:
the total content of crystallized or precipitated Fe is 1 to 50% of the original Fe
content.
10  [Claim 2]
An aluminum plate for an aluminum electrolytic capacitor electrode, characterized in
comprising:
aluminum of not less than 99.98% by mass;
5 to 50 ppm of Fe; and
15 a remainder of unavoidable impurities, wherein
the total content of crystallized or precipitated Fe is 1 to 15 ppm.
[Claim 3]
The aluminum plate for an aluminum electrolytic capacitor electrode of claim 1 or 2,
characterized in that the thickness of the aluminum plate is 0.2 to 1 mm.
20  |Claim 4]
An aluminum plate for an aluminum electrolytic capacitor electrode, characterized in
comprising:
aluminum of not less than 99.98% by mass;

5 to 50 ppm of Fe; and

25 a remainder of unavoidable impurities, wherein

27



al um num of not less than 99.98% by mass; 5 to 50 ppmof Fe; and 15 a
remai nder of unavoi dable inpurities, wherein the total content of
crystallized or precipitated Fe is 1 to 15 ppm [COaim 3] The al um num
plate for an alum numelectrolytic capacitor electrode of claim1l or 2,
characterized in that the thickness of the alumnumplate is 0.2 to 1 mm
20 [ aim4] An alum num plate for an alum num el ectrol ytic capacitor

el ectrode, chaithfceubeiorierfation candensis 8¢% §r meradhdum of not | ess than 99. 98%
by mass; 5 to 50 ppmof Fe; and 25 a renai nder of unavoi dable inpurities,
wherein 27 thehcthknessiie@lad i ammcontent is 80% or nore; and the thickness
is 0.2to 1 nun. [Caim5] An alum num el ectrol ytic capacitor,

charact er ijggmi 8] conprising: 5 a capacitor anode in which an alum num plate
is etched so as to |leave a core part having an average thickness of 50 to

150 min the c : I . 1 hi direction:. .in which a
dielectric fil %a%@é%%%g%é@c%#gf%}é ayt;e?lzg#iéﬂfq}té#@e}gl g(')n at |l east the
etchin surface, and in ich,the alum.num plate | onposed of al unm num
of “not Sl ess. t ndriaoaBsmof - bteh o BB BT obE etoRed B RO RE e apl bE
bal ance consisting of unavoi dabl e i nBuri ties, 10 and has a total content of
cryst al | | 2evingangyeagpihickness ¢fo05p 150¢en Bbs sentrahgomiongp Hag thickness diedinn, and

a thickness of 0.2 to 1 nm and
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,

10 | and 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; and

an anode lead that is electrically connected to the core part of the capacitor anode.
[Claim 6]
An aluminum electrolytic capacitor, characterized in comprising:

15 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 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,

20  and has a total content of crystallized or precipitated Fe of 1 to 15 ppm 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.
[Claim 7}

An aluminum electrolytic capacitor, characterized in comprising:
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an anode lead that is electrically connected to the core part of the
capacitor anode. [Claim®6] An alum numelectrolytic capacitor,
characterized in conprising: 15 a capacitor anode in which an al um num
plate is etched so as to | eave a core part having an average thickness of
50 to 150 min the central portion in the thickness direction, in which a
dielectric filmand a solid electrolyte |layer are formed on at |east the
etching surf a@esapagiepr ianogh itc whicheanadlummummppita ieetckedcgmpotieldavt a gPPHLM
of not less than 99.98% by nass, an Fe content of 5 to 50 ppm wth the
bal ance chasingthagerage thicknossdeflH0ao ilAP U iniths ceri2fhl podiohas the: thiokadss doadtemnt  of
crystallized or precipitated Fe of 1 to 15 ppmand a thickness of 0.2 to 1

m - and aky 3RELa ldeactidd#m Sdeh 86Hd EﬁéﬂrélyteCEPéE%ef@nﬁ&i bt GEethadtéhing
the capacitor anode. [Claim 7] An alum num electrolytic capacitor,

char act et g ] i BRELR bttt phRRAEb bR R AuitflGlaL s AlaHTAR

plate is e ed so as to leave a cbre par avli ng an aver age ckness of
50 to 150 min the central rtion in . the thickness direction in which a
el ocPri VS aihr L P65 % S0P ich Yeaiocs o o et QR
etching surface, and in which the alum numplate is conposed of alum num
of not | egsd hpsmcws cygpiationyorrto! 88H ganersand atthisknass pb0.8¢0 pprp: Wdt h t he
bal ance consi sting of unavoidable inpurities, and has a cube orientation
content of 80%anmnodyleaditict & cdvirddaiip senrettcd t@ theacote parnof thecapanit@randde.| ead
that is electrically connected to the core part of the capacitor anode.

[A ai m 8] [Epfmagjum num el ectrol ytic capacitor of any of claims 5 through 7,
characterized in 10 that the etching is perforned over the entirety of the

front and back gurfdfeenPliel P8y EAPAREEGY of ARCGHEclaims 5 through 7, characterized in

10  that the etching is performed over the entirety of the front and back surfaces of the capacitor
anode.
[Claim 9]
The aluminum electrolytic capacitor of any of claims 5 through 7, characterized in
that the anode lead is joined to a lateral face of the core part.
15  [Claim 10]
The aluminum electrolytic capacitor of any of claims 5 through 7, characterized in
that a plurality of the capacitor anodes are layered together.
[Claim 11]
The aluminum clectrolytic capacitor of claim 8, characterized in that the anode lead
20  isjoined to a lateral face of the core part.
[Claim 12]
The aluminurn.electrolytic capacitor of claim 11, characterized in that a plurality of
the capacitor anodes are layered together.

[Claim 13]
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[Claim9] The al um num el ectrolytic capacitor of any of clainms 5 through 7,
characterized in that the anode lead is joined to a |lateral face of the
core part. 15 [Claim 10] The alum num el ectrolytic capacitor of any of
claims 5 through 7, characterized in that a plurality of the capacitor
anodes are |l ayered together. [Caim1l1l] The alum num el ectrol ytic capacitor
of claim8, characterized in that the anode lead 20 is joined to a |ateral
face of the corenpihad fqrananuisctingrae aluisinupcerdriie ergaciter. chpaeicnisrd ot
claim1l, characterized in that a plurality of the capacitor anodes are

| ayered togmptieing: 'l [Claim 131 29 A nethod for manufacturing an al um num
el ectrolytic capacitor, characterized in conprising: performng

al ternati ng- cUpEABEmiak %ﬁéxﬂgti@%ﬂ@hr&'ﬁlt 8icHinB Gl féﬁiaﬁgiﬁ% e uih@fared offdh Almulm
pl ate, which is conposed of al um num of not |ess than 99.98% by nmass, an Fe

o it AR L, LRSS, BRIl

inpuritie S . precipitated
o as To Realencunt 6 hHlank, orgisGRe A aradedsie dRREERE A e vich Ban? el
the central portion in the thickness direction; subsequently perform ng
anodi ¢ oxicerienopt carstellized qroprasintiated digpalkil ttor S8 otfethe [atigiiah Feagpontent 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
10 forming a capacitor anode.
[Claim 14]
The method for manufacturing an aluminum electrolytic capacitor of claim 13,
characterized in comprising:
cutting the aluminum plate after the anodic oxidation; and
15 forming the capacitor anode having the entirety of the front and back surfaces
subjected to the alternating-current etching and the anodic oxidation.
[Claim 15]
A method for manufacturing an aluminum electrolytic capacitor, characterized in
comprising:
20 performing alternating-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 15 ppm and 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

25  the thickness direction;
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The nethod for manufacturing an alum numelectrolytic capacitor of claim
13, <characterized in conprising: cutting the alumnum plate after the
anodi ¢ oxidation; and 15 form ng the capacitor anode having the entirety of
the front and back surfaces subjected to the alternating-current etching
and the anodic oxidation. [Caim151 A nethod for manufacturing an al um num
el ectrolytic capacitor, characterized in_conprising: 20 perform ng

al t er nat i ng- cuskeseauentlyperfgraing anedie pgidagonskedsur f ace area of an al um num
pl ate, which is conposed of alum numof not |ess than 99.98% by nass, an Fe
content of 5 tlfombBgppapacitbt dnotiee bal ance consi sting of unavoi dabl e
inpurities, and which has a total content of crystallized or precipitated
Fe of 1 tqCifimPp and a thickness of 0.2 to 1 nm so as to |eave a core
part having an average thickness of 50 to 150 min the central portion in
25 the thickness,.dir i@an;..3 . f ] i: i i Of;
and formng aslglgpfggﬁlt%grﬁgr% %fg#%ﬁ%q%ﬂ%‘l]ﬁlf%g{ ﬁgcﬁgﬁﬂ? ?@%&%&%9&?’? (rjllg “an
alum num el ectraol ytic capacitor of claim15, 5 characterized in

corrprigi ng: M@EFPPF%;‘H‘[CHQI’E‘FIB% num pl ate after the anodic oxidation; and
form ng the capacitor anode having the enti ret_al of the front and back
surfaces subj ésitag thealumanum plefaafiar the wgdicaxidasiopnindy and t he anodic
oxidation. [Claim17] 10 A nethod for manufacturing an al um num

el ectrol ytic cdpacingahe capavitac tappde ddving the entirety of the front and back surfaces

subjected to the alternating-current etching and the anodic oxidation.
[Claim 17]
- 10 A method for manufacturing an aluminum electrolytic capacitor, 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 unavoidable impurities, and which has a cube
15  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 pm in the central portion in the thickness direction;
subsequently performing anodic oxidation; and
forming a capacitor anode.
[Claim 18]
20 The method for manufacturing an aluminum electrolytic capacitor of claim 17,
characterized in comprising:
cutting the aluminum plate after the anodic oxidation; and
forming the capacitor anode having the entirety of the front and back surfaces
subjected to the direct-current etching and the anodic oxidation.

25 [Claim 19]
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conprising: performng direct-current etching and enlarging the surface
area of an al um num pl ate, which is conposed of alum num of not |ess

t han 99.98% by mass, an Fe content of 5 to 50 ppm with the bal ance

consi sting of unavoidable inpurities, and which has a cube 15 orientation
content of 80% or nore and a thickness of 0.2 to 1 mm so as to | eave a
core part having an_ average thickness of 50 to 150 min the central .
portion in the Theimegthed Sorgppadedteing an glysuawa mlqofropdict@paiing ohavy o€ claims

oxi dation; and formng a capacitor anode. [C aim 18] 20 The nethod for
manuf act url3rthroaph dBycharaeteriebd ot comhypyising joapag ad amodefleal taiarfatéia] face of the core
characterized in conprising: cutting the alum num plate after the anodic
oxi dationipagnd formng the capacitor anode having the entirety of the front
and back surfaces subjected to the direct-current etching and the anodic
oxidationTc%ﬁnliaeﬂlﬂ 19] 31 The nethod for manufacturing an al um num

el ectrol ytic capécitor of any of clains 13 through 18, characterized in
conprising joining a node lead to a | ateral face of the core rt.

[Q 5 o) b oeihed " R6 i n et Fera okl Gopalsr Halm 19,
capacitor of claim19 characterized in that laser welding is used to join
the anode chaweterised Wdhatdassr weldingis used toHeindhe anodsdead toghe laferal face of the core

part.
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