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CAPACI TORS T ynvention relates to the field of nethod of

manuf act uri némll‘@mm@mmMct rolytic capacitor that enploy a vabv al

whi ch an anodized tilmis formed as an anode. BACKGROUND OF T Iflﬂﬁlbrﬂﬁb
In conventional mE¥®8ds of manufacturing solid electrolytic capacitors
(hereafter referred to as "solid capacitors”), an anodi zed film base

| ayer, conductive polyner |ayer, and cat hode conductor |ayer are
successively fornmed on the surface of a foil or fine powder sintered body

of valve nmetal which becones an anode (positive electrode). After |ead
W res are connected to a capacitor elenent, it is nolded with a packagi ng

resin to conpl et i i rrgs Used as
a base layer in ME@@Q@’@?X@E%R‘W&?@E@@@M@ | ayer
is usually formed by thermally deco Frlg} anese nitrate, the anodized
filmis significantly damaged when alum numis used as the anode, causing
| ar ge Iemmmmrmmmﬂmmn the conpleted solid capacitors. For solving the above
pr obl em se Lai d-open Patent No. S63 181310 and H2- 2605l 6

di scl ose re-agaed zation in electrolytic solution after formng the
conductive polymer |ayer. Jap¥iELD QF FREINVENIIONo. H3-178117 al so

di scl oses a nethod of formi ng a conductive polyner |ayer on the M02 | ayer
after 2 adhering an insulating resist tape on the anodized filmto
separate a cat hodBC presgat inventipaaelatasdy tbﬁéﬁﬁgﬁmetmot‘ manufaotuting asplid
Mn02 | ayer by neans of thermal deconposition. These conventional nethods
di scl osed elgctrabdicecapactorithahempiey ayalvigaetabony whichan anadized fiknsg formed

i nvol ve re-anodi zation after form ng a conductive polyner |layer in the

el ectrol yt A£388NP¢¢-on. The el ectrolytic solution is thus difficult to be
sufficiently provided on the anodized film making this process
insufficient for fully repairing any damage to the anodized film 1In

addi tion, the conductive polymer |ayer sonetines degrade under sone

anodi zing conditions, resulting in unsatisfactory inpedance
characteristics. The convBACKGROEND OHTHEINVENTION Japanese

Lai d- open Patent No. H3-178117 requires re-anodi zation after formation of
the Mh02 | ayer by thermal deconposition. Qtherw se, the significantly
damaged anodi zed_filmpermits the flow of large leak current. In addition,
even if re-anodi Zaeowyentionahmethndsiefgnanyfaeiringsabid elpeirolytic sapaeiprsseeps
out and interferes with the repairability of defectiye portions of the
anodi zed fEheﬁP rrefeEed osasss @ﬁ@PaQWV%h\?n@ﬂoﬂHEdl Npaselayesecondustive

i nvention ai{ns to addr eas t he above di sadvantages of copventional nethod
at |east pRPWIMENIpyeraRd cathpdgcondueter fiyer gre Huelyrforged gn; the surface o

el ectrol yti apacitors_whi.ch can have |l.ess | eak, cyrrent and good j npedance
Char act er 1 &1 OF T BRI CIMEEPody SRLaINR JRFial BRI DS, FAC PR aIve
met hod of nuf gct uri,ng,salid electrolytic capacitors, said peth .
Comr 1 51 ngCTerBPAPh g AT IRy Tetia qanmsties o SapREItOr e FaRedmith
val ve netal; 3 formng a capacitor..el enent by adherin insul atin
esi st t ap PRgkedingesin 16 sOmpltg she solid ssdtopn 1 senerah MOy 18YEE S st ng
a Mn02 | ayer i [l sal.d capacitor elenent in sol yt cont.ai ni ng
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usually formed by thermally decomposing manganese nitrate, the anodized film is

significantly damaged when aluminum is used as the anode, causing large leak

current in the completed solid capacitors.

For solving the above problem , the Japanese Laid-open Patent No. S63-
181310 and H2-260516 disclose re-anodization in electrolytic solution after forming
the conductive polymer layer. Japanese Laid-open Patent No. H3-178117 also

discloses a method of forming a conductive polymer layer on the MnO, layer after



solution, and thermally deconposi ng attached nanganese salts; i mrersing

sai d-capacitor element on which said M102 layer is forned in at S e
of organic polar solvents or their aqueous solutions; re- an&iﬂzwﬁsﬁﬂﬁg
capacitor elenent by i mersing said capacitor elenent in electrolytic

sol ution before one of said organic polar solvents or their solutions
dries; and fornhdhering @n inssiaiing sesjstetapgyen thedarediredidiladtausspdrateager on
said Mn02 | ayer. 4 Accordingly, wettabiljty of the cathode in the

r e- anodi z&dthedepinggaiive iemmg,andnw@dmmndd&muf@rmgtm M daxeri by m can
be repaired. The present invention thus offers solid capacitors with | ess

| eak cur r &fans pEdopnet despmpositienPREFERRED EMBODI MENT Exenpl ary enbodi ment s
of the present invention are described bel ow, However, | is apparent that

| | A g
the present i nvdieseponentional methads disclopedin danansse Lpidppen Patemt Nosr r st
exenpl ary enbodi ment An_insulating resist tape, is adhered on an al uni num
foil to @gﬁ@@%&p—@gﬁ@ ?éﬁamlﬂsor@- Zaalfqneaﬁslr éemmgyﬁiqpn@fleﬂmg of

the alumnumfoil. The effective area of the_anode body, of capaci t or
el ement  aPOLYBET d3yes B r?{»w(iaqtmlw slution; s The ¢ Pgélf isalgiogh i thih

70C A 19l e REEnH K OAAG 68 (horaray 4ichlms TeKingr BRATGRSH 2o

film This anqQde bady.i.s then.i mmersed i n mapganese nitrate saol uti on, and
att ached mﬁﬁﬁ@gé?%%ﬁﬂ@ %@pélre%a%ﬂamaaséeﬁB%@@eﬁg@HéﬁJ@l-c%@?Malqa, ihees to
forma M02 | ayer on the surface qf trr:(f an(gede Bod . The anade body.is then
| mrer sed CANGUSHFBAlyES) YT AOREHmSS Heesase RedthomE ANAHZIBE ongiHionto!
Before the soqlution dries, the anode b a(tjré i S, i.rmersed in a 5 aqueous

solution & t:;‘ilglflhljn%‘t G ‘Pﬁyllf)‘&? Ate I]fc:]?n adi pat e at 7]9- Cliquid
, 10 V DC i. i 10 m
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- queous sol UtTon descrided Inthe first ex ary

enbodi nmen r r he first exenplary
enbodi nentdefé(?ft%né)r?gﬁ gﬁﬁogfg}%gﬁghg%df@ﬁggg%ﬁl? g?ﬁsﬁ ﬂr%p %1' third exenpl ary
enbodi nent, the anode body was imrersed in the isopropyl alcohol aqueous
solution for 5 seconds. O her nethods are the sane as those in the second
exenpl ary enbodi nent for nmanufacturing a solid capacitor. A fourth

exenpl ary enbodi nent enpl t Ll wei ght percent of
acetonitril aqueous sol ut m&gﬁgﬁmi@%ﬂéé solution in the
first exenplary enbodinent. O her nethods are the sane as those in the

first exenpl ar nmbodi ment. f or .manuf acturing a solid, capacitor.
Pl ary fhe present invention dims. to' address “the' above g“lsa(?vantages of

2

X

conventional methods at least partially, and provides a method of manufacturing
solid electrolytic capacitors which can have less leak current and good impedance
characteristics.

In accordance with the invention, there is provided a method of
manufacturing solid electrolytic capacitors, said method comprising:

forming an anodized film on a surface of an anode made of a valve metal;



6 conparative exanple A conparative solid capacitor was manufactured using
the sanme steps as the first exenplary enbodi nent but wi thout the ste f

i mrersi ng the anode body in the 1-butanol aqueous sol ution 21ﬂ't quLIhaﬁB&
deconposition. Table 1 shows the initial characteristics of the solid
capacitor in accordance with the first o fourth exenplary enbodi mrents and
conparative exanple. The characteristics of the capacitor were neasured at
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solid capggidplayep! the present invention are
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manuf actured by i mersing a capacitor element onto which a WMi02 | ayer has
been fornmed into an organic polar solvent or its solution, imrersing the
capacitor elenment in electrolytic solution before the organi p;)j b ent
or its solution dries for re anodi zation, and then formng eiéc ﬂiﬂ@ n
the Mn02 |ayer. This reduces the detringntal effect on wettability of a
portion of the cathode due to seepage of adhesives fromthe resist tape

R L
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capaci tor kept at high tenperature and high humdity w thout |oad. As
descri bed above, the manufacturing nethod of the present invention
suppresses an increase in |leak current during the manufacture of solid
capacitors. addition, the present invention reduces an increase in |eak
current when the BESQRI:%’BE@NQ&FTHE(?&EEERBED EMBOMMENENd hi gh
hum dity w thout | oad. The manufacturing nethod of the present invention
forms the WMn02 | ayer on every portion of the anodized film enabling the

production of sglid capacifors w.th w i npedance at high,freguencies. The
exenpl ary enbodﬁ?fﬁ’ﬁ’lp I%’BBBQ%?I}t%é’fltﬁg Br%g%n o’anFBﬁH?r?dgt‘#écﬂﬂﬁgrhﬂo‘Wayer
as a base;] ayer fox.the conductiv ol yner layer.. However.. ot her than W02,
conduct i vgoﬁe‘@&m@dﬁqur% ﬁkéactaﬁwgﬂréeeélti Wé’%ﬂﬁ?ﬂglst e ]ﬁ"rlutfg funigesen,

ni ckel , ang.v i used i ndependently or as conposite oxides for

t he base Fa@%ﬁwpﬂgﬁ‘)@*—eg%mous solvent is used, a highly conductive netal
oxi de such as ruthenium oxi de may al so be used. The exenpl ary enbodi nents
al so describe the case of using alum numas a valve netal. Qher than

alum num titaninm tantalum arﬁrﬁt&gfn @I vez grgiig!egta_re naturally
applicable to the manufacturing invention. Still
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film formng a Mi02 layer by immersing sai apacitor elenent in a
sol ution @it 4t mﬁqllﬁiu&§ﬁip%ﬁﬂuW®.eA§ 8 N5DC GoRY S théh gggﬁé)&fdrtzv

el enent fromsaid solution, and thernmally deconposing attac manganese
sal ts; minutes to form an anodized film. This anode body is then immersed in

P

manganese nitrate solution, and attached manganese salts are thermally
decomposed at 300 °C for 5 minutes to form a MnO, layer on the surface of the
anode body.

The anode body is then immersed in a aqueous solution containing 6
weight percent of 1-butanol. Before the solution dries, the anode body is

immersed in a



‘1 mmer'sing said capacitor element on which said Mi02 layer is formed in at

I east one of organi.c polar solvents or their aqueous solutions;

re-anodi zi ng said capacitor elenent by inmmersing said capaC|tor el enent in
el ectrolytic solution before one of said organic polar soI Ua_ 20@3 r
solutions dries; and formng a solid electrolyte |ayer and cat

conductor |ayer on said M02 layer. 2. T nmet hod of manufacturing solid

el ectrolytic capacitors as defined in Claim1, wherein said organic polar
solvent is soluble in water. .ANy. Al . A#. Als|l .A9. Ar.As. A

s. AS6ABUNQRTLR( oD% xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c, a] ca] ca] ca] ca] ca
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Second exemplary embodiment
A second exemplary embodiment employs a solution containing 25 weight
percent of isopropyl alcohol aqueous solution instead of the 1-butanol aqueous

solution described in the first exemplary embodiment. Other methods are the same

as those in the first exemplary embodiment for manufacturing a solid capacitor.

Third I bodi
In a third exemplary embodiment, the anode body was immersed in the
isopropyl alcohol aqueous solution for 5 seconds.  Other methods are the same as

those in the second exemplary embodiment for manufacturing a solid capacitor.

Fourth exemplary embodiment
A fourth exemplary embodiment employs a solution containing 25 weight
percent of acetonitril aqueous solution instead of the 1-buthanol solution in the first
exemplary embodiment.  Other methods are the same as those in the first

exemplary embodiment for manufacturing a solid capacitor.
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Comparative example

A comparative solid capacitor was manufactured using the same steps as the
first exemplary embodiment but without the step of immersing the anode body in the
1-butanol aqueous solution after thermal decomposition.

Table 1 shows the initial characteristics of the solid capacitor in accordance
with the first to fourth exemplary embodiments and comparative example. The
characteristics of the capacitor were measured at 25 to 30 °C, the capacity and tan §
(delta) at 120 Hz, and impedance at 400 kHz. Leak current was measured 30
seconds after applying 6.3 VIDC. Table 1 shows the mean value of n = 30 test

pieces.

Table 1
Capacitance | tan 0 Impedance | Leak current

(milliohms) (nA)

First embodiment 12. 3 1. 0 58 177
Second embodiment 12. 4 0. 8 61 165
Third embodiment 12. 4 0. 9 57 132
Fourth embodiment 12. 5 0. 9 6 3 151
Comparative 12. 1 1. 2 69 890

example

Table 2 shows the mean value of five solid electrolytic capacitors each from
the first to the fourth exemplary embodiments and comparative example 1. The
initial leak current and leak current after keeping the test pieces under high
temperature and high humidity conditions of 85 °C and 85% RH for 500 hours
without load were measured. Leak current was measured at 25 to 30 2C thirty

seconds after applying a 6.3 V DC voltage.
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Table 2

Leak current (nA)

Initial value | after test
First embodiment 183 704
Second embodiment 150 640
Third embodiment 125 511
Fourth embodiment 156 585
Comparative example 1002 11208

It is apparent from Tables 1 and 2 that the manufacturing method of solid
capacitors described in the first to fourth exemplary embodiments has better
capability to suppress an increase in leak current during production, compared to that
of the comparative example 1.

In addition, solid capacitors manufactured according to the method described
in the first to fourth exemplary embodiments show less increase in leak current after
being left in unloaded condition in a high temperature and high humidity
environment.

More specifically , the solid capacitors of the present invention are
manufactured by immersing a capacitor element onto which a MnO, layer has been
formed into an organic polar solvent or its solution, immersing the capacitor element
in electrolytic solution before the organic polar solvent or its solution dries for re-
anodization, and then forming electrolyte on the MnO, layer. This reduces the

detrimental effect on wettability of a portion of the cathode due to seepage of

adhesives from the resist tape during the thermal decomposition of manganese salts.
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increase in leak current during production, as well as the reduction of an increase in
leak current as a result of the solid capacitor kept at high temperature and high
humidity without load.

As described above, the manufacturing method of the present invention
suppresses an increase in leak current during the manufacture of solid capacitors. In
addition, the present invention reduces an increase in leak current when the solid
capacitor is kept at high temperature and high humidity without load. The
manufacturing method of the present invention forms the MnO, layer on every
portion of the anodized film, enabling the production of solid capacitors with low
impedance at high frequencies.

The exemplary embodiments also describe the case of forming the MnO,
layer as a base layer for the conductive polymer layer. = However, other than MnOs,
conductive or semiconductive metal oxides including tin, zinc, tungsten, nickel, and
vanadium may be used independently or as composite oxides for the base layer.  If
a non-aqueous solvent is used, a highly conductive metal oxide such as ruthenium
oxide may also be used.

The exemplary embodiments also describe the case of using aluminum as a
valve metal.  Other than aluminum, titaninm, tantalum, and other valve metals are
naturally applicable to the manufacturing method of the present invention.

Still more, the exemplary embodiments describe the case of employing the

aluminum foil.  However, other than the foil, the present invention is also

applicable to capacitor elements made such as of fine powder sintered body.
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forming a capacitor element by adhering an insulating resist tape for
separating cathode and anode on said anodized film;
forming a MnO?2 layer by immersing said capacitor element in a
solution containing dissolved manganese salts, removing said capacitor element from
said solution, and thermally decomposing attached manganese salts;
immersing said capacitor element on which said MnO2 layer is
formed in at least one of organic polar solvents or their aqueous solutions;
re-anodizing said capacitor element by immersing said capacitor
element in electrolytic solution before one of said organic polar solvents or their
solutions dries; and

forming a solid electrolyte layer and cathode conductor layer on said

MnO; layer.

2. The method of manufacturing solid electrolytic capacitors as

defined in Claim 1, wherein said organic polar solvent is soluble in water.



