1' J|?LE OF THE I NVENTI ON Solid Electrol ytic Capacitor and Manufacturing
Method and Manufacturing Apparatus for Manufacturing the Capacitor 5 FIELD
OF THE | NVENTI ON The present invention relates to a solid electrolytic
capacitor used in various electronic appliances, and a manufacturing -
met hod and a manufacturing- apparatus for manufacturing the capacitor.
BACKGROUND OF THE | NVENTI ON Recently, as tﬁ? digital appliances are
advanced, a-capacitor having a | ow inpedance even in a high frequency and
an excellent high frequency characteristic is denmanded. To reply the
demand, capacitors wusing conductive polyner having high conductivity
obt ai ned by e | l.zation as solid electrolyte are being
devel oped andﬁ%§¥iﬁﬁ¥ﬁgﬁﬁéﬁ?eﬁﬁﬁﬁghﬁ i s an expl oded perspective view
showi ng a confi guratd he sol jd el ectrolytic capacitor. A capacitor
el ement 48 is for m&*d$ %gd Oéj%fzﬁ%’?%tm Ab§l?ﬁqﬂéf€e Manndadusingndisthdd radE
froman alum X &ﬂ . a i s, etched to be roughened. The
el ement is ano |zg§ fg“ﬁ%ﬁéﬁg%%“§%§¥Q@BEP?FEH%RgabeKEaEWﬂnn on the surface
into a desired shape. The anode el enent 40 is separated

and stanped out
into an anode part 46 and a cathode part 47 with an insulating resist 45.

- Then, on tshe EHLHDOOFPEHE IWENﬁH[@Nganese di oxi de | ayer 42 (a conductive
substance) and a solid electrolyte | ayer 43 nade of conductive pol yner

such as pol rrol eThbp LRk I i]ine are. formed. A cathode
| ayer 44pco)r/rg)c/)sed of Rebitt IhRBHRrel ostB M & ectro Ytl‘f capacttor used
in various e}ectronlc appliances, and a manufacturing method and a

10

. "mmuf&g@:ﬁ;n“g:-apparatus for manufactﬁring the capacitor.

10 BACKGROUND OF THE INVENTION

Recently, as the digital applances are advanced, a capacitor

having a low impedance even in a high frequency and an excellent high
frequency characteristic is demanded. To reply the demand, capacitors
using conductive polymer having high conductivity obtained by electrolytic

16  polymerization as solid electrolyte are beiﬁg developed and put in market.
Fig. 17 is an exploded perspective view showing a configuration of

the solid - electrolitic capacitor. A capacitor element 48 is formed as
follows. A surface of an anode element 40 made from 'an',élﬁmiﬁuﬁl foii, a.
valve metal, is etchgd‘ to be roughened. The element 1s aﬁ;;dizézf tb.foi*m.

20 a dielectric oxide Iajrer 41 on the surface and stamped .out into a desired
: .shape. The anode element 40 is éeparated into an an:odt; i)art 46 and a
cathode part 47 with an msulating resist 45. Then, on the cathode part

47, a manganese dioxide layer 42 (a conductive substance) and a solid

~ electrolyte layer | 43 made of conductive polymer such as polypyrrole,

26 polythiophene, or polyaniline are formed. A cathode layer 44 composed of
a car_bon layer and a silver paste conductor layer is disposed on the

electrolyte layer 43.




' I s di sposed on'the
- layer and a silver paste conductor layer is J
glgginPyteylayer 43. 2 The capaci tor e!enFn2948 hsauig?hgggn?érﬁ{ngluggl
] an
elenents 48 are | am nated. An anode terni na e | nat
d cathode part 47 of the cap _
are connected to the anode part 46 an de part 47 of the capacitor
nt 48,- respectively. Wth the anode term na (
ggegging partiaFIy exposed outside, the cap@citor elenment 48 is covered

Capacitor. Fig. 18A and Flg. _“ié%bihéﬁv”ﬁ‘)ifet“ﬁg; f'lgg\} E;yéfhm& L
e e e D e
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-(I:-gﬁ? éc? : 1\?\& f Rﬁé\ﬂ’élngn&g -reslpdctiivel}t | OWidDlrhien adyoR8! yéﬁﬁllnt%?f/ &eé)ga} rgglt q%%hgg%gB
and appli eﬁi nt he vol ta&e bet ween the portion and a nega

[ per Lot nd revl Olytne ookl omanstoedite e oA MBAY T
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sequentially forppd on the conductlv? pol ymer l-ayer for formng
Fig. 18A and Fig. 18B show a method of manufacturing the
capacitor element 48 in detail. Az shown in Fig. 184, an anode element
16 40 made of a valve metal foi] having the dielectric oxide layer and a
conductive substance on the surface is formed in a comb shape, At the
projecting portion of the element, a resist layer 52 is formed with an
electrically-insulating resin coat or a resin tape, and the portion is divided
into an anode contact portion 40a and an anode foil portion 40b. Then, as
15 shown in Fig. 18B, a positive electrode 54 supplying a voltage contacts
with the anode foil portion 40b 1n a polymerization solution 53 and applies
the voltage between the portion and a negative electrode 55 for performing
electrolytic polymerization. Then, a conductive polymer layer is formed
on the surface of the anode foil portion 40b.
20 Then‘, a cafbon lay;ar, ie., é cathode contact layer and a silver
| paste are sequentially formed on the conductive polymer layer for forming
the capacitor element 48.
The solid electrolytic capacitor having such configuration has a
low resistance of the solid electrolyte layer 43, Le., a low equivalent serial
25  resistance (KSR).
In the conventional manufacturing method of the solid

electrolytic capacitor, feeding electrodes 54 contact with anode foil




t he capécitor el ement 48. The solid electrolytic capacitor heving szgh
configuration has a |ow resistance of the solid electrolyte |ayer W
i.e a |l ow equivalent serial 25 resistance (ESR). Intthe ?ggéegélona
anuf | ytic capacitor
manuf acturing nmethod of the solid electro
el ectrodes- 52 contact with anode foil 3 %thlOﬂS 4??ig{eﬁ?oggsglgpgghztﬁgn
th a conplicated process. Hence, that es an e C 5- |
g# t he caggcitor difficult. Wheh the cathode |ayer 44 is fornedhmnah t he
carbon layer and the silver paste as the conductor |ayer, the hig ]
viscosity of the silver 5 paste makes the thickness of the layers uneve

with a i merpowiome 48b afpdneRt 81MdWaCES Svithta bﬁmgﬁt@%&sﬁﬁ;&%gﬁ'ey?ﬁwf i cul t

to forma thin, uniformconductor |ayer. A net

band shaped
has thedrmukeman efficishowmssiprofiugtiod W BB LaFhitorl e
gﬁggleeg} ement 40 coated with a 10 silver paste 57 passesﬁg ‘?ween eI astlc

| at es 56aVhsBhdi apbsede logmogi tielfyrhed SAeh tAbhekh ;{i]g .
B;;?EIEg gpp i ed on the solid electrolyte |ayer of the anog enen 40 S

h
HePpeigdin ghe enudduotort eyesc tiapihigh ph@doe&;ﬁép h§6§llve'.r” suc
oot hod o o et he, t hi gkness of the silver paste 5 gependl ng on

Fﬁ;hg?ag%, C|ﬂta;?%%:‘£gh%‘3 the dbiokyeps of eish%l’ﬁyer%hmvei(:jl wﬁ}]dafli%,gg%-%oho% r form
[ I te 57. And the scraped silver
rcoumil at 1 nG AP PHEn EFosPhg 1 o hasce bexsemely rdifiatl foAtekshUG bBin,

uniform conductor layer.

A method to solve the latter problem has been known. As shown

in F1g 19A and Fig. 19B, a band-shéped anode element 40 coated with a

10  silver paste 57 passes between elastic scraping plates 56a, 56b disposed
eppositely to each other.  The silver paste 57 applied on the solid
electrolyte layer of the anode element 40 is scraped off with the leading
ends of the scraping plates 56a, 56b.

In such method of adjusting the thickness of the silver paste 57

15 depending on the elasticity of the \scraping plates 56a, 56b, it is difficult to
form the uniform, thin silver paste 57. And the scraped silver paste 57b
accumulating in the scraping area must be often removed. And further,
as shown in Fig. 19B, the anode element 40 where the silver paste 57a,
which is not scraped sufficiently, ie adhered at a lower portion causes

20 serious quality and productivity problems.

In the solid electrolytic capacitor having the cathode layer 44
composed of sueh silver paste 57 having the uneven thickness, the contact
resistance between the cathode ternﬁnel-50 and cathode layer 44
mcreases, and the BSR characteristic is often poor, and the product yield

25 is low.

Since it is difficult to form a thin conductor layer, the cathode

layer 44 is likely to be thick. Accordingly, the volume of the capacitor




as shown in Fig. 19B, the anode el ement 40 where the silver paste 57a,
which is not scraped sufficiently, is adhered at a | ower portion causes 20
serious quality and productivity problenms. In the solid electrolytic

capaci tor having the cathode | ayer 44 conposed of such silver paste 57
havi ng the uneven thickness, the contact 4resistance between the cathode
term nal 50 and cathode | ayer 44 increases, and the ESR characteristic is
often poor, and the product yield 25 is low Since it is difficult to form
a thin conductdemémyidrncredses, end Howethe canasity p4r yaduing Hedrase® be t hi ck.
Accordingly, the volunme of the capacitor 4 elenent 48 increases, and thus,
the capacity per volune decreases. SUMVARY OF THE | NVENTI ON A

manuf act uri ng g@%@ﬁﬂgﬁ89$ﬂ@q@&g§@ﬁ§ing apparatus for manufacturing a solid
electrolytic C : r is manufactured at high
productivity, has an,ex ui yval i I.Sst.ance

characteristic omﬁngAﬁoﬁﬁh%ﬁﬁﬁ?&%ni oFﬁ?%o%ﬁéc%%%éﬁﬁgéé? Ofﬂ§5§§%%0 g
llayer, and hagafuta8hudfnCRARBEH ARGEIREL M4PLLiEr. TINc A 2TR0Y fi deldil 0 &Rt hod
and manufacturing apparatus for manufacturing the capacitor are al so

provi ded. |n agcaighapesduativity,amasspecéxcefledtheqyivsistntsefislv atdistadice (BSRE i S
provided a manufacturing nmethod for manufacturing a solid electrolytic
capacitor - combeiastenigtic hwingt wps thoh, wihiberm egndactiveelagert of & cortiode laypyeandn an
anode el ement = made_ of valve netal; form ng a conductive substance | ayer on
the diel ectri axpdkpres fpppoitange nPeig velues.i dnd| ac mpaspfaceuing dpethad ea

conductive pOll‘Xanl‘ElrfaC%]ri;[lgh gpparatus for manufacturing the capacitor are also provided.

In accordance with an aspect of the present invention, there is provided a
manufacturing method for manufacturing a solid electrolytic capacitor
comprising the steps of: forming a dielectric oxide layer on an anode element
made of valve metal; forming a conductive substance layer on the dielectric oxide
layer; forming a solid electrolyte layer made of conductive polymer on the
conductive substance layer by electrolytic polymerization; and forming a cathode
layer, including the sub-steps of: applying and drying carbon paste on the solid
electrolyte layer; forming a silver paste film by applying silver paste on the carbon
paste; adjusting a thickness of said silver paste film by blowing a first gas to the

silver paste film; and drying the silver paste film.




conductive substance | ayer by electrolytic polynerization; and formng a
cat hode layer, including the sub-steps of. applying and drying carbon
paste on the solid electrolyte layer; formng a silver paste film by

appl ying silver paste on the carbon paste; adjusting a thickness of said
silver paste filmby blowng a first gas 5o the silver paste film and
drying the silver paste film 5 |In accordance with another aspect of the
present invention, there is provided a manufacturing apparatus for

manuf act uring. A SOl fecBHEALL S bhGEARACL belhe QBRI P iAfI8tHied B9
unit for formng a di Gl ectri ¢ oxide 1 ayer Jon &n anode e énen?,

pol yneri zati onndibdclial abSrifud fbr an@fatbilrifh & SAIPLYSIRYGHaciBE BoMbrising:
conductive polyner onthe dielectric oxide |layer by electrolytic

pol yneri zation; andnanéditifgaait e foimigg ddidledts ofide MydfomarcaiddodrRnleatyer on
the solid electrolyte layer, including: a carbon |ayer formng unit for
form ng a carbon | apetynyizapm yinfpr fandngla yolitheleardbytn lqyas medoof ¢conduciob i d

el ectrolyte layer; a silver paste applying unit for formng a silver paste
filmby appl yipelymsr pyére dielestde oride lagerdarelrstolyty splymgrizationsandozzl e unit for

blowing a first gas tq the silver paste filmfor adjusting a thickness of
Che si Pver  past o fisihoda o snEapitET Gomtng By coioge iyt o By rohed SBBREE 1 m
6- BRI EF DES Lgﬂ] . g%y%% ig. 14 cli i
el ectrolyti cC:ci}'l Iegi_rrer I % i %‘Ear app %Ja%%ﬁgfn &P}taﬂoggi I djege% g%??%}a&f%\& géﬁ%%@%t or
according to ex@uRuRY darbGIPRH SEME sdliPElcdRByR 188 silv_@x\/dﬁdBEé @Blyix% HiQfor 2A 1S
a plan view of a band-shaped anode el enent of the soli el ectrol ytic
capaci t or accdsghinga kibves pasiel ifitf bty applying silver paste on the carbon layer; a first nozzle

unit for blowing a first gas to the silver paste film for adjusting a thickness of the silver

paste film; and a drying unit for drying the silver paste film.




Fig. 2B is a sectional-view of the band-shaped anode el enent of the solid
el ectrolytic capacitor according to enbodinent 1. Fig. 3 is a perspective
view of an electrolytic polynerization tank 10 according to enbodi nent 1.
Fig. 4 is a sectional view of the electrolytic polynerization tank
according to enbodinent 1. Fig. 5 is a sectional- view of a first driven-
roll er according to enbodinent 1. 15 Fig. & is a perspective view of a
first feeding roller according to enbodinent 1. Fig. 7 is a sectional view
of the first feeding roller according to enbodinent 1. Fig. 8 is a
sectional view of a first. tension roller according to 20 enbodi ment 1.

Fig. 9 is a pBRIERDBSCRIPMON GFPEEk BMW&#@ésd?CCWd' ng to embodi ment

1. Fig. 10 is a perspective view of a second ing roller according to

enbodi nent 1. 25 Fi gFj 11|§5%ss@ggbﬁ I ewgof t econd f edln roller
according to enbodi rregﬁt 1. Fig. ¥ stwa%s\g(f:t%gngfec‘?m 1S W RFTEAEIR at e

where a boss apphiwtus f@zeca)nsi)lfde%léélﬁol Id &apGefbAC Conduc | ve
tape according to enbodi ment 1. ﬂ apBeRbA kol B0 EReEM rlary
embodiment 1 of the present 1nve11t10n

-5 Fig. 2A is a plan view of a band-shaped anode element of the sohd
electrolytic capacitor according to embodlment 1
Flg. 2B is a sectional-view of the band-shaped anode element of
the solid electrolytic capacitor according to embodiment 1.
Fig. 3 is a perspective view of an electfolytic polymerization tank
10  according to embodiment 1.
Fig. 4 is a sectional view of the electrolytic polymerization tank
according to embodiment 1.

Fig. 5 is a sectional view of a first driven roller according to

embodiment 1.

15 Fig. 6 is a perspective view of a first feeding roller accordmg to
embodiment 1.
Fig. 7 is a sectional view of the first feeding roller according to
embodiment 1.
Fig. 8 is a sectional view of a first tension roller according to
20 embodiment 1.
Fig. 9 is 'a perspective view of a peeling roller according to
embodiment 1.
Fig. 10 is a perspective view of a second feeding roller according
to embodiment 1.
25 Fig. 11 is a sectional view of the second feeding roller according to

embodiment 1,

Fig. 12A is a sectional view showing the state where a boss of the




Fig. 12B is a sectional view show ng that the boss of.the second feeding
roll er pokes into the conductive tape according to enbodinent- 1. 5 Fig.
12C is a sectional view showi ng that the boss of the second feeding roller
penetrates the conductive tape according to enbodinent 1. Fig. 13 is a
perspective view show ng an essential portion.of an apparatus for

manuf acturing a solid electrolytic capacitor according to exenplary
enbodi ment 2 of the present invention. 10 Fig. 14 is a sectional view
showing a first nozzle unit of the manufacturing apparatus according to
enbodiment 2. Fig. 15 is an essential side view show ng a second nozzle
unit of the manufacturing apparatus according to enbodinment 2. Fig. 16 is
a pl an skowndg feediagr rbllemi cuntdictectiitin 4r contibetiver sdpe 1acomathg @it of

the manufacturin pparatus according to enbodinent 2. Fig. 17 1's an
expl ode&"@%ﬁ’%ﬁ'@%‘%’? ie vi ew showi ng a configuration of a solid electrolytic

capaci tor. 0. LS f i -capaci.t I n f a
convent i onarﬂ‘l%'solzfgg\lgl aeg%erc (rt)]?)?/’[teﬁl c‘}lgﬁypg%f)?v 6?1% gﬁit':ﬂée %f)%%ef){; tglesa%‘f?rbq\al Vi ew
of an efesiinglillee pRMegnntd 2hticomdiesded eAps atesrding teaBbHiRat 150! i d
electrolytic_capacitor. Fig. 19A and Fig. 19B are perspective views of
essehtial pdfigi dC df a mgstivnel viewgshepangt tatf the tesscohtbst seernd sol i d

el ect r okyddifig rolRP Hetrtrates tHEXTRIIRN Hipd HecbRERE B BYETRMETS

Fig. 13 is a perspective view showing an essential portion of an
apparatus for manufacturirig a solid electrolytic capacitor according to
exemplary embodiment 2 of the present invention.

10 Fig. 14 is a sectional view showing a first nozzle unit of the
manufacturing apparatus according to embodiment 2.

Fig. 15 is an essential side view showing a second nozzle unit of the
manufacturing appara;cus according to embodiment 2.

Fig. 16 is a plan showing an air blowing direction from the first

15 nozzle unit of the manufacturing apparatus according to embodiment 2.

Fig. 17 is an exploded perspective view showing a configuration of a
solid electrolytic capacitor.

Fig. 18A is a front view of a capacitor element of a conventional
solid electrolytic capaéitor.

20 Fig. 18B is a sectional view of an electrolytic polymerization
apparatus for the conventional solid electrolytic capacitor.

Fig. 19A and Fig. 19B are perspective views of essential portions of
manufacturing apparatus for the conventional solid -electrolytic
capacitor.

25
DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Exemplary embodiment 1)




ry embodinent 1) 8 Referring to the draw ngs, exenplary embodi nent
gEéfnPLg gresent anent?on will be described below. Fig. 1 is a sectional
view of a manufacturing apparatus for a solid electrolytic capacitor in
exenpl ary embodi nent 1 of the present invention, 5 particularly show ng a
configuration of an electrolytic pol ymeri zation apparatus. A long Coat
polymerization tank 8 is filled with polyn®rization solution 9. Afirs
‘driven roller 13 and a first tension roller 14 are disposed at the 8
upstream portion and the down stream portion of the polynerization tanl
respectively, and the rollers are partly imrersed in 10 the pol ynerization

[ ' ' [ I I er
solution 9. At the Refdheig WRStheam 0N, qggy ”Sﬁt ri et ro
13, a first feeding roller 20 and a‘r{r%gﬁgl_e‘r éé%ﬁ]é)rle d‘i%&é’&feeﬁt nt re()l‘l’ure'; hgz
downst r eam pgresent ey atidntviil bé A8bcAISNELOw. Ol | er 1da pl ntg 1 s
for peeling a conductive tape 7 froma band- shaped anode el ene

. . ) . . . q
di sposed. At the fuftiger 150D v idIRA @O o I2-0RanhBa @ubR] AR tudfor COls
: feegi ng roller 26, and a roller 27 are disposed. A ge?a%w_e efegﬁlrodie 10
i s di sposed iedectheypiolcypecitaain ewnplalty @mBoliileat &l GO Pk G iéwention,

pol yneri zati on apparatus having such a configuration, the conductive’tape

7 .and thé baratichlarky showdngeh emefigurationeof ngi \sleuiadl icChAy Rttt ar @
hel d between the first feeding roller 20 20 and the roller 21. Thus, as

shown in Fi g 2PPAT3- Fi4y lons polyimerigationt iank 8ti@pfillédi withdpelyatbriftpm anode

cont ac.t port isgput?ono f9.t hfg l&%?d&rsig?g el%uaegotljge aned{ 2{rreﬁr1]';t ]éénsion roller 14 are

disposed at the upstream portion and the down stream portion of the

polymerization tank 8,respectively, and the rbllers are partly immersed in

10 the polymerization solution 9. At the further upstream portion beyond

the first driven roller 13, a first feeding roller 20 and a roller 21 are

disposed. At the further downstream portion beyond the first tension

roller 14, a peeling roller 24 for peeling a conductive tape 7 from a band-

shaped anode element 1 is disposed. At the further downstream portion,

15  a roller 25, a second feeding roller 26, and a roller 27 are disposed. A

negative electrode 10 is disposed in the polymerization tank 8.

In the electrolytic polymerization apparatus having such a

configuration, the conductive tape 7 and the band-shaped anode element 1

are individually conveyed and are held between the first feeding roller 20

20  and the roller 21. Thus, as showh in Fig. 2A and Fig. 2B, the conductive

‘tape 7 1s adhered to an anode contact portion 5 of the band-shaped anode

element 1.

A capacitor element 3 is composed of the anode contact portions 5

and an anode foil portions 6. An insulating tape 4 for isolating the anode

25  contact portion 5 and anode foil portion 6 is adhered to the face and back

sides of both surfaces of the anode element. Slits 2 separate the anode

foil portions 6.




A capacitor element 3 is conposed of the anode contact portions 5 and an
anode foil portions 6. An insulating tape 4 for isolating the anode 25
contact portion 5 and anode foil portion 6 is adhered to the face and back
sides of both surfaces of the anode elenent. Slits 2 separate the anode
foil portions 6. 9 The band-shaped anode el enent 1 having the conductive
tape 7 adhered to the anode contact partsé§ I's conveyed by the first driven
roller 13 and first tension roller 14 and is inrersed in the

pol ymeri zation solution 9. After |eaving the polynerization tank 8, the

anode element 1 5 has the conductive tape 7 peeled of f by the peeling
second voltage feed roller

roller 24, and |s i%nwcggg (Ele raller

26, and roller & §eape &&Bﬂ?@éﬁmeﬂf\ée}mmhg thenadmduictiee ttape 77 and
negative el egf t he anode elenment 1 is bei conveyed in the
pol yneri zat i %‘r‘flr h%g&; I%R the aé“’ﬁ%r?@nmtt%&s DD gereeayed h)btl;a'rgrstzchtve]ﬂrcﬁl(ii@ct i on
starting fromgl h u uctive tape 7 to the anode foil
portion 6, arrltl? QHH ﬁr&f (E)‘;rl?nsgglé Afﬁ 1:‘? a\pgl bolpraersedyby tha palpmenodeichoi |

parts 6. In tghi ctrp t] rrerlzatlon par plural |ong

pol yneri zat i OE ltﬁgﬁikg 8%% lgg‘rra% q H9 ylﬂ?ﬁf’&ﬁp&g té?&&td‘hﬁ anedeiejemant The

pol ynmeri zgt i ¢rasSEHILHRA rlzat .on tapk 8 froma first
15 port 11 at one end olfl&tli gb%gisetagﬁ%¥”ﬁlquae 18g rf2%wangduts of
the tank 8 toamwdsiee ohs @Qélt 232 8., Further,
as shown in Fi g}%4 lejg 1d 18 |9 S%Pngﬁ"% %gg%ecgr ’nﬁn‘ini%Fc%ﬁ oflg tank

|8| | gnd t he olimge p@apphed @%tﬁeﬁﬁ%éorﬂeﬁmﬁ%@‘ééﬂ@q .‘ﬁ{d ﬁ@gatwevﬁectroge 18f the
while the anode element 1 is being conveyed in the polymerization
solution 9. The voltage produces a polymerization reaction starting from
10  the surface of the conductive tape 7 to the anode foil portion 6, and thus,
forms a conductive polymer layer on the anode foil parts 6.

In this electrolytic polymerization apparatus, piural long
polymerizat%on tanks 8 are arranged in parallel as shown in Fig. 3. The
polymerization solution 9 flows into the polymerization tank 8 from a first

15  port 11 at one end of the tank 8 as shown in Fig. 1, and flows out of the
tank 8 from a second port 12 at the other end of the tank 8. Further, as
-shown in Fig. 4, a lid 18 is put on the upper opening of each long tank 8,
and the lower portion of a spacer 19 provided at the lowei' side of the lid 8
1s immersed into the polymerization solution 9.

20° The negative electrode 10 is provided above the lower end of the
spacer 19, and the band-shaped anode element 1 to which the conductive
tape 7 is adbered passes beneath the spacer 19.

Plural first driven rollers 13 are disposed at the upstream portion
of the polymerization tank 8 arranged in parallel as shown in g, 3,

25 respectively. A single through-shaft 15 penetrates the first driven roller
13 along the center axis of the roller 13, and plural ball bearings 16 are

disposed between the through-shaft 15 and first driven roller 13 as shown




Is imersed into the pol ynmerization solution 9. 20 The negative el ectrode
10 i s provided above the lower end of the spacer 19, and the band-shaped
anode elenment 1 to which the conductive tape 7 is adhered passes beneath
the spacer 19. Plural first driven rollers 13 are disposed at the upstream
portion of the polynerization tank 8 arringed in parallel as shown in Fig.
3, 25 respectively. A single through-sha $ 15 penetrates the first driven
roller 13 along the center axis of the roller 13, and plural ball bearings
16 are disposed between the through-shaft 15 and first driven roller 13 as
shown 10 in_F%g. 5. At the further upstream portion beyond the first
driven rol | e ¥3g. 6.as shown in Fig. 6, a first feeding roller 20, which is

vol t age appl yi ng gxans, i s_di sposed. The feeding roller 20 and a feeding
rol ler 21 beneath 55 kbe fatther upstipnes portich hdpend thé Ersddysh r¥Bet € 7 tO
t he anode el ene spring 23 presses the roller 20 to the tape 7, and

thus, makes &9 s@{oasg%énv & &yt Hestfending rodler ), whish & vohegef@yin
conductive polynmer. lLayer js for .stably. Fig. 7 is a sectional view
showi ng t he feans, fse@&ig%edr O(f@t%% %mllegozo ehter feedingTtlardtl benthi S
provi e 41 2yl I B2, Lor PESHETL YR, the conduct e tape 7 {rom [ atera
hrouehshart. sl 8 RTINS, b e BBk 1
which a vol t 3g®lé SoRRRL ib%daplﬂ:félal i d p&?pe 7. T-hérefore, a conductive polymer
. layer is formed stably.
Fig. 7 is a sectional view showing the first feeding rolier 20 and
10 roller 21. The roller 20 is provided with a guide 22 for preventing the
conductive tape 7 from lateral deviation. Plural ball bearings 33 are
disposed between the roller 20 and through-shaft 32, and a volta.lge
applying unit 32a is provided at the through-shaft 32. The feeding roller
20 having the through-shaft 32, to which a voltage is applied, applies the
15 voltage with a smaller failure due to wearing out than a feeding brush, so
that the roller may apply a stable Volfage.

The first tension rollers 14 are disposed at the other ends of the
downstream portion of polymerization tanks 8 arranged in parallel,
respectively, as shown in Fig. 3. A‘single driving shaft 17 is fitted along

20  the central axis of each of first tension rollers 14 arranged in parallel, as
shown in Fig. 8. The driving shaft 17 applies a tension to the anode
element 1. 7

At the downstream portion beyond the tension roller 14, as shown

m Fig. 9, a peeling roller 24 for peeling the conductive tape 7 from the
25 anode element 1, and a roller 25 are disposed. At the further

downstream portion, a second feeding roller 26 is disposed.

A roller 27 pinches the conductive tape 7 with the circumference




15 voltage with a smaller failure due to wearing out than a fegdlng brush,
so that the roller may apply a stable voltage. The first tension'rollers
14 are disposed at the other ends of the downstream portion of _

pol ymerization tanks 8 arranged in parallel, respectively, as shown in
Fig. 3. Asingle driving shaft 17 is fitted along 20 the central axis of
each of first tension rollers 14 arrangedjin parallel, as shown in Fig. 8.
The driving shaft 17 applies a tension to the anode elenent 1. At the
downstream portion beyond the tension roller 14, as shown in Fig. 9, a
peeling roller 24 for peeling the conductive tape 7 fromthe 25 anode

: i sed., At the.further downstream
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tape 7. More specifically, as shown in groove @t the

roller 25 defsheebnpueieniagdre. feedi ng bosses 31 in the second feeding
~roller 26 frompoking. Plural ball bearings 30 are di sposed between the

10 pr ovi ded o he. throbgh hart 26 Tho Tekar kg FaTer Rebaeed REUEDS .
roller 27 does not prevent the feeding bosses 31 in the second feeding
roller 26 from poking. Plural ball bearings 30 are disposed between the
feeding roller 26 and through-shaft 29, and a voltage applying unit 29a is

10 provided at the through-shaft 29. The feeding roller having the through-
shaft 29, to which a voltage is applied, applies the voltage with a smaller
failure due to wearing out than a feeding brush, so that the roller can
applies a stable voltage. ‘

The second feeding roller 26 has a curved outer circumference

15 26a of which center projects in an outer circumferential direction.
Therefore, the conductive tape 7 is hardly deviated from the center of the
circumference of the second feeding roller 26, and thus, the
manufacturing apparatus operates with a high rate. |

A conductive polymer layer formed by electrolytic polymerization

20  is adhered on the surface of the conductive tape 7. As shown in Fig 12A,
a deposit 34 included in the conductive polymer layer is attached to the
second feeding roller 26 and protruding feeding bosses 31. When poking
through the conductive tape 7, as shown in Fig. 12B, the surface of the
tape 7 rubs off the deposit 34 while the bosses 31 penetrates into the tape

25 7. Therefore, as shown in Fig. 12C, the bosses 31 deeply poke into the

conductive tape 7, and thus, contacts the tape 7 securely. As a result, a

‘stable voltage is applied to the conductive tape 7 and decreases a
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(Examples)
On an aluminum foil (100pm thick) having both surfaces
10 roughened electrochemically, an anodized film is formed at an anodizing
voltage of 35V. Then, slits are formed in specified intervals at both sides
of the foil by cutting the foil, and thus, a band-shaped anode element
having capacitor elements disposed at the sides is obtained. Then, anode
contact portions and anode foil portions are separated by an insulating
15  tape attached on both surfaces of the anode element. Dimensions of the
capacitof element are 3mm x 4dmm. Then, an anodized film is formed at
the side of the slit in the anode element. Then, the anode foil portions to
which'a manganese nitrate aqueous solution are applied are pyrolyzed for
five minutes at 300°C, and thereby, a manganese dioxide layer is formed
20  on the anode foil portions as a conductive substance layer.
A conductive tape is adhered to the band-shaped anode element
thus prepared, and a conduétive polymer layer is formed on the surface of
the anode element in the polymerization tank shown in Fig. 1.
The polymerization solution is an aqueous solution of 0.2mol/liter
25 of pyrrole and 0.1molfliter of alkyl naphthalene sulfonate. During
' electrolytic polymerizatiqn, the conductive tape which is a polymerization

electrode as a common positive electrode and the stainless steel plate




On an.alumnum foil (100mthick) having both surfaces 10
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havi ng capacitor elenents disposed at the sides is obtained. T eni ?ng 5
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tape attached on both surfaces of the anode el enent. Di nensions 8 t efhe
- capacitor elenent are 3mm x 4mm Then, an anodized filmis formed a t
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i s formed onT@HA- erfiheranagdenrlenenitlis taken out and sent to the next process where
a carbon layer and a silver paint layer are formed on the entire anode foil
parts, and thereby, a cathode contact portion is formed. Being cut,
10 capacitor elements are obtained. An anode lead and cathode lead are
taken out of the anode contact portion and the cathode contact portion,

respectively. Then, the capacitor element is coated with an epoxy resin,

-and a solid electrolytic capacitor is obtained.

15 (Comparison)

On an aluminum foil (100um thick) having both surfaces
roughened electrochemically, an anodized film is formed at an anodizing
voltage of 35V. Then, slits are formed in specified intervals on both sides
of wt;he foil by cutting the foil, and thus, a band-shaped anode element

20  having capacitor ele;nents disposed at both sides is obtained. Then, the
anode contact portions and anode foil portions are separated by an
insulating tape attached on both surfaces. Dimensions of the capacitor
element are 3mm x 4mm. Then, an anodized film is formed at the side of
the slit in the anode element. Then, a conductive polymer film of

25 chemical oxidation polymerization of pyrrole is formed on the surface of
the anode element. As shown in Fig. 13, the electrodes contact the

elements, respectively, and electrolytic polymerization is performed on the
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performed onohiindd Ammonium persulfate is utilized for the oxidizing agent for

chemical oxidation polymerization.

Table 1 shows initial characteristics of a capacitance, a leak

10 current (a voltage of 10V is ai)plied for two minutes), and withstanding

voltage (a breakdown voltage at a voltage elevation of 0.2V/sec.) of solid

electrolytic capacitors of the example and the comparison.

Table 1
15  Capacitor (6.3WV, 150uF)
Capacitance Leak current Withstanding
uF) (na) voltage (V)
Example 152 15 23
Comparison 148 28 20

As resulted from Table I, the solig electrolytic capacitor of the
example has a small leak current and high withstanding voltage. The

band-shaped anode element has a plurality of protruding capacitor

20  elements at both sides, And, a voltage is securely applied to the

conductive tape from both upstream and down stream portions of the

electrolytic polymerization tank as a polymerization electrode. As a

result; plural capacitor elements can be electrolytically-polymerized more

easily and continuously as compared with the comparison.




conductive polymer filmof chem cal oxidation polymerization. Then, a |
carbon layer and a silver paint |layer are fornmed on the entire anode foil
portions. Then, being cut, a capacitor elenent is obtained. An anode | ead
and cat hode | ead are taken out of the anode contact portion and the 5

cat hode contact portion, respectively. Then, the capacitor elenment is
coated with an epoxy resin, and a solqyisd el ectrolytic capacitor is thus

obt ai ned. Ammoni um persul fate is utilized for the oxidizing agent for

chemi cal oxidation polynerization. Table 1 shows initial characteristics of
a capacitance, a leak 10 current (a voltage of 10V is applied for two

- mnutes), and withstanding voltage (a breakdown voltage at a voltage
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invention will be described.
. Fig. 13 is a perspective view showing an essential portion of an
apparatus for manufacturing a solid electrolytic capacitor according to
10 embodiment 2. Fig. 14 and Fig. 15 are a side sectional view and an
essential side view of the apparatus, respectively. A band-shaped anode
element 35 is conveyed at a constant speed in the direction of an arrow
shown in the drawing,
The anode element 35 is formed as follows. A band-shaped
15 aluminum foil supplied from a feeder (not shown) has a surface
roughened by etching. Then, the element is anodized to form a dielectric
oxide film on the surface, and then is stamped out into a desired shape.
- The element is separated into an anode part and cathode part by an
insulating resist. Then, on the cathode part, a manganese dioxide layer
‘20 and a solid electrolyte layer of conductive polymer by a polymerization
‘unit (not shown) are formed. Further, a carbon layer is formed on the
solid electrolyte layer, and a silver paste is applied on the carbon layer.
In a first nozzle unit 36 and second nozzle unit 37, nozzles are disposed
symmetrically in pair as if the nozzles hold the band-shaped anode
25 element 35 from above and beneath. Through a filter 38, air around the
ends of the first nozzle unit 36 and second nozzle unit 37 are sucked by

a driving source for suction (not shown).




result, plural capacitor elements can be electrolytically-polynerized nore
easily and continuously as conpared with the conparison. 15 |In this
enbodi nent, the band-shaped anode el enent is made of the alum numfoil, and
may be nmade of tantalum titanium and others. The shape and di nensions are
not limted to the exanple. 5 (Exenplary enbodi nent 2) Referring to the

drawi ngs, exenplary enbodi nent 2 of the prggent  invention will be
described. Fig. 13 is a perspective view showi ng an essential portion of an

apparatus for manufacturing a solid electrolytic capacitor accordi-ng to 10
enbodi ment 2. Fig. 14 and Fig. 15 are a side sectional view and an

essential side viewFik. 146 aRRR & i vely. A band-shaped anode
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part by an |[111%{ ating.resist. Then, on the cathode part, a ma
di oxi de | <‘§yert yaihadheqiir.d el ectrol yte | ayer of conductive polynmer by a
pol ymeri zati on uni h‘.én]g%,shoym) are formed. Further, a carbon layer is
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the carbon I gyery, it 37 of the manufacturing apparatus shown in Fig. 13. The
nozzle unit 37 blows air to the silver paste 39 applied on the anode
-element 35 to adjust the thickness of the silver paste 39 and to blow away
10 the silver paste 39 accumulated at the edge of the anode element 35.
Further, since the vicinity of the leading ends of the nozzle parts 36, 37 is
sucked through the filter 38, scattering silver paste 39 does not leak to the
outside of the apparatus.
The anode element 35 is iinpregnated with manganese sulfate
15 aqueous solution, is dried in air, and is pyrolyzed at 300°C to form a
manganese dioxide layer.
Instead of the manganese dioxide layer, a pre-coat layer made of
conductive material such as conductive polymer ma,f be used.
The solid electrolyte layer of conductive polymer is formed by
20  electrolytic polymeﬁéation by a voltage applied to the anode element from
an external electrode in a polymerization solution containing heterocyclic
monomer, such as pyrrole or thiophene. As a result, a solid electrolytic
capacitor having excellent characteristics is obtained stably in a relatively
short time.

25 Specific examples will be explained below.

(Example 1)
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ammonium dihydrogenphosphate at a temperature of 70°C. Then, an
anodized film is formed on the surface of the element.
The anode element is immersed in aqueous solution of 20wt% of
10 manganese nitrate at a temperature of 25°C for three seconds, and then,
is taken out. Then, the excess aqueous solution of manganese nitrate
attached to the surface is blown away by air. Then, the anode element is
heated at over 250°C in one minute and is pyrolyzed for five minutes at
300°C, so that a manganese dioxide layer may be formed on the surface of
15  the anode element.
This anode element is immersed in aqueous solution of 0.3wt% of
‘aluminum dihydrogenphosphate at a liquid temperature of 70°C. Then,
a DC voltage of 10V is applied for ten minutes to anodize the anode
element again. On the manganese dioxide layer formed on the anode

.20 element, a solid electrolyte layer made of conductive polymer of

- polypyrrole film is further formed by electrolytic polymerization method.
The solid electrolyte layer is impregnated with pH 10 aqueous
solution of 5wt% of carbon particles and ammonia and is dried at 150°C to
form a carbon layer. On the carbon layer, a silver paste with kinematic
25 viscosity adjusted to 6.0 Paes at 25°C and 50 rpm is applied. This band-
- shaped anode element is conveyed at a speed of 1m/min. Then, the

applied silver paste is adjusted to a desired thickness by the




The solid electrolyte |ayer of conductive polymer is formed by 20

el ectrolytic polynerization by a voltage applied to the anode el enent from
an external electrode in a polynerization solution containing heterocyclic
nmononer, such as pyrrole or thiophene. As a result, a solid electrolytic
capaci tor having excellent characteristics is obtained stably in a
relatively short time. 25 Specific exanples wll be explained bel ow
(Example 1) - -- -----mmmmmann- 17 An al ttfi num foil has a surface
roughened by etching and expanded by 125 tinmes. The alum numfoil is
separ at ed into an anode portion and a cathode portion by an insul ating
resi st tape. ? - shaped anode el enent has capacitor el enents having an
effective arB’zfl 3fadugingmpRasa Bwmivivepis Big. eV thrAmh Fi© 15hen 200HEa RlgemeNt
a DC voltageﬂﬂgf 1 V |s applled for 20 m nutes in aqueous solution o

0. 3wt % of Mt ApREphelement lmvingpecathode @hd%OGve THES an

anodi zed filmis for d on,the surface of the elenent. The anode el’enent is
i mersed in Aq0ePHE & {i"’l}{l?én of 20vvt%of 10 manganese nitrate at a

t enper at ure of 25CFf seco , and then, is taken out. Then, the
excess aqueous sol ut| ntg'ﬁ nﬁﬁ%" phithe deeaplaetb tthefalnebbwf)aﬁ@ i's

o A A e sl S e
di oxi de | ayeﬂwﬁ‘?ﬁoﬁ?tﬁ@%ﬂ%ﬂe%@eﬁlgﬁt.slﬁrfl air Iow direction is inclined at = 10°
to the orthogonal direction to the conveying direction of the band- shaped
anode element as shown in Fig. 16, and the pressure of the air blow is
0.1MPa.

10 The air blow ports of the second nozzle unit are disposed‘above
and beneath at positions 3.5mm away from the anode element, and air is
blown at a pressure of 0.1MPa to blow out an excess silver paste. Then,
the blown silver paste is collected with a filter.

The silver paste applied thinly and uniformly is heated and dried,

15  and a capacitor element is thus fabricated. Then, an anode terminal and
a cathode terminal are connected to the anode element and cathode
conductive layer of the capacitor element, respectively. | Then, the
capacitor element is molded with insulating external resin, and a solid
electrolytic capacitor as shown in Fig 17 is thus manufactured

20  (Dimensions: 7.3mm x 4.3mm x 2.8mm),

(Example 2)
A solid electrolytic capacitor is manufactured in the same manner
as the example 1, except that the thickness of the applied silver paste is

25 adjusted under an air blow pressure at the first nozzle unit of 0.05MPa

| and that at the second nozzle unit of 0.05MPa.




15 the anode el enent. This anode elenent is imersed in.aqueous sol ution of
0. 3wt % of al um num di hydr ogenphosphate at a liquid tenperature of 70C.
Then, a DC voltage of 10V is applied for ten mnutes to anodi ze t he anode
el ement again. On the manganese di oxi de | ayer formed on the anode 20
element, a solid electrolyte |ayer made of conductive pol ymer of

pol ypyrrol e filmis further formed by el rolytic polynerization nethod.
The solid electrolyte layer is |rrpregnate with pH 10 aqueous sol ution of
5wt % of carbon particles and ammonia and is dried at 150C to forma carbon
| ayer. On the carbon | ayer, a silver paste with kinematic 25 viscosity
adjusted to @ § jt 25C and 50 rpmis applied. This band shaped anode
elenent is c nvey i a speed of Irﬂm’ n. Then, the applied silver paste

is adjusted to a d €SS .1he 18 nuf act uri ng apparatus shown
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fromthe anode elenent. An air

t he orthggonaid maﬁﬁtthé@nﬁ%zﬁmﬁg'tB% gBI@etion of the band-shaped
anode el ement as shown in Fig. 16 thé pressure of the air blowis

0.1MPa. 10 The air blow ports of the secorid nozzle unit are disposed above
(Example 4)
A solid electrolytic capacitor is ménufactured in the same manner
as the example 1, except that the thickness of the applied silver paste is

10 adjusted under an air pressure at the first nozzle unit of 0.10MPa and

that at the second nozzle unit of 0.15MPa.

(Example 5)
A solid electrolytic capacitor is manufactured in the same manner
156 as the example 1, except that the thickness of the applied silver paste is
adjusted under an air pressure of the first nozzle unit of 0.15MPa and

that at the second nozzle unit of 0.10MPs.

(Example 6)

| 20 A solid electrolytic capacitor is manufactured in the same manner
as the example 1, except that the thickness of the applied silver paste is
adjusted under an air pressure at the first nozzle unit of 0.15MPa and

that at the second nozzle unit to 0.15 MPa.

25  (Example 7)

A solid electrolytic capacitor is manufactured in the same manner

- as the example 1, except that the thickness of the applied silver paste is




and beneath at positions 3.5mm away fromthe anode elenent,.and air is
blown at a pressure of 0.1MPa to bl ow out an excess silver paste. Then,

the blown silver paste is collected with a filter. The silver paste applied
thinly and uniformy is heated and dried, 15 and a capacitor elenent is
thus fabricated. Then, an anode termnal and a cathode termnal are
connected to the anode el enent and cat hode _ conductive | ayer of the
capacitor elenent, respectively. Then, the 2Ocapaci tor elenment is nol ded
with insulating external resin, and a solid electrolytic capacitor as
shown in Fig. 17 is thus manufactured 20 (Dinensions: 7.3mm x 4.3mm x
2.8m)) . (Exagd.e é) A solid electrolytic capacitor is manufactured in the
same nmanner THR |28 air eweptgler@) of tie ftGldIeRSual e applied
silver paste is 25 adjusted under an air blow pressure at the’ tirst nozzle
unit of 0.05MPa and that at the second nozzle unit of 0.05MPa. 19

(Exanpl e 3) A(E?;Ehﬂ%el ?ctrol ytic capacitor is manufactured in the sane
manner as the éxa ?g 1, except that the thickness of the applied silver

paste is adjusted “ﬂ%{i an zi r E‘l ow pressure at the first nozzle unit of
0.10MPa 5 and that at tRESEEYRHCSRAFEONIN manuftGFPE the SRR, A
d in the sane manner as the

solid el ecsrolyyty Ltor._i. s nuf act ure
except!t}@ték%%tﬁﬁ%?1 heft F%l?(tr% e Lhﬂékﬁw ofethes apphied pAYLL phste is

exanpl e 1,
adjusted under an air angle (0) of the first nozzle unit of 15°,

- (Example 9)

A solid electrolytic capacitor is manufactured in the same manner
- 10 as the example 1, except that the thickness of the applied silver paste is

adjusted under an air blow angle (6) of the first nozzle unit of 20°,

(Comparison 1)

A solid electrolytic capacitor is manufactured in the same manner
16 as the example 1, except that the ‘silver paste is applied under an air

pressure at the first and second nozzle units of 0.

(Comparison 2)

A solid electrolytic capaci_tbr 1s manufactured in the same manner

20 as the example 1, except that the cathode conductive layer is formed by

adgus_tmg the thickness of the silver paste applied on the anode element

‘by scraping off by the spatula-like Scrapers as explained in Fig. 19A and
Fig. 19B.

25 . Table 2 shows measurements of the thickness of the cathodes of
the capacitor elements in the example 1 through example 9 and

‘comparisons 1 and 2. Table 2 also shows measurements of initial




10 adjusted under an air pressure at .the first nozzle unit of 0.10MPa and
that at the second nozzle unit of 0.15MPa. (Exanple 5) A solid

el ectrolytic capacitor is manufactured in the same manner 15 as the
exanple 1, except that the thickness of the applied silver paste is

adj usted under an air pressure of the first nozzle unit of 0.15MPa and -
that at the second nozzle unit of 0.3QMPa. (Exanple 6) 20 A solid

el ectrolytic capacitor is manufactured in the same manner as the exanple
1, except that the thickness of the applied silver paste is adjusted under
an air pressure at the first nozzle unit of 0.15MPa and that at the second
nozzle unit to 0.15 MPa. 25 (Exanple 7) A solid electrolytic capacitor is
manuf actoapeditamcehend atiralvg seiis] Hodserp(ESR) ctxaabterifiads bhehe

t hi ckness of the applied silver paste is 20 adjusted under an air bl ow

angl e (®plisk elagdralytist capnsiter Jﬁgﬂcatect) wheey donr ecapyaditapklamentcofol yti c

Cpbact | e EMONS A 1fhibBide PRATLIRRNN, e dbeiRfnd SRS s BACoD
angl e (®o°¢f, trh@ ddpeditdifaZ i mistiduretl 46120852 ¢ R lstOI's' ﬁiﬂe%ls%i:édm ytic

capacitor is manufactured in the sanme manner “10 as the exa except
t hat 5t heitt A0Okisss Thet hecappiamenty |arer thasaeeiages of thlrty samples,

respectively.




adj usted under.-an air blow angle (0) of the first nozzle unit of 20.
(Conparison 1) A solid electrolytic capacitor is manufactured in the same
manner - 15 as the exanple 1, except that the silver paste is applied under
an air pressure at the first and second nozzle units of 0. (Comparison 2)
A solid electrolytic capacitor is manufactured in the same manner 20 as
the exanple 1, except that the cathogde conductive |ayer is fornmed by

adj usting the thickness of the silver paste applied on the anode el enent
by scraping off by the spatul a-like scrapers as explained in Fig. 19A and
Fig. 19B. 25 Table 2 shows nmeasurements of the thickness of the cathodes of
the capacitor elenents in the exanple 1 through exanple 9 and conparisons
1 and 2.Takdbél2e 2 al so shows nmeasurenents of initial 21 capaci tance and
equi val ent serial_ resistance (ESR) characteristics of the solid

el ect r ol(BPECHAp £ BWY, #ABF) cated where four capacitor el enents of the

Fantmat gd—Fhesngasprngtenperature—angass25—te—38C. The
ggggg: ?"ng[eei Isdu:cgg: gd at (:E?.;’.,_,? ah knﬁ'? ESR is ngggr&ﬁ@cﬁari%km. The
neasur epents are the Am@gfm oy y Mipimwem, | ehgbtflvel y. 22 Table 2

' (Capaci [lsgargplwy,_ 47F) 185 | 190 162 15 47.2
~|Example 2 184 188 180 14 47.5
Example 3 186 191 178 16 47.0
|Example 4 181 187 176 15 47.6
Example 5 182 188 176 14 47.6
Example 6 181 186 177 14 47.1
|Example 7 188 193 183 15 47.1
Example 8 184 188 180 15 - 47.6
Example 9 190 196 186 17 47.1
Comparison 1 275 320 251 26 46.8
Comparison 2 230 267 194 21 46.4

As shown in from Table 2, in the solid electrolytic capacitor

5 according to the embodiment, the cathode of the capacitor element is

formed thinly and uniformly. Accordingly, the solid electrolytic capacitor

manufactured by laminating plural capacitor elements has a low contact

resistance between elements and an excellent ESR characteristics to the
comparisons.

10. Thus, according to the manufacturing method for manufacturing
the solid electrolytic capacitor of the present invention, when the
protruding feeding bosses of the second feeding roller poke through the
surface of the conductive tape, the inner texture of the tape is exposed
for the first time. Then, a depo'sit attached to the feeding boss is scraped

15 off, and thus, the contact failure between the feeding roller and the tape
is reduced. Therefore, the apparatus has the maintainability enhanced,

.and has a smaller size and lower cost. The apparatus has an opefation
efficiency improved.

Moreover, since the thickness is adjusted by a blowing air to the




Cat hode t hi ckness ESR Capacitance Average Maxi mum M nimum (nQ F Exanple
1 185 190 182 15 47.2 Exanple 2 184 188 180 14 47.5 Exanple 3 186 1 11
178 16 47.0 Exanple 4 181 187 176 15 47.6 Exanple 5 182 188 176 14 47.6
Exanple 6 181 186 177 14 47.1 Exanple 7 188 193 183 15 47.1 Exanple 8 184
188 180 15 47.6 Exanple 9 190 196 186 17 47.1 Conparison 1 275 320 251 26
46.8 Conparison 2 230 267 194 21 46.4 A 3hown in fromTable 2, in the
solid electrolytic capacitor 5 according to the enbodi nent, the cathode of
t he capacitor elenent is forned thinly and uniformly. Accordingly, -the
solid electrolytic capacitor manufactured by |am nating plural capacitor

| ts h | t d | | ent

ESR ohar act anr et Lo o res “BERALEOEF IERETRE Rl vl B Shdiode””
fact R | | ectral j t f

manuf act ur i ngRicHed hotr %Frﬂ{]easéfgéélﬂ% folAertO ' 131 %%gggg}’%%ﬁ,t fafhode oy ©

t he present invention, when rotrud I'ng 2&di ond

f eedi ng rol | @mdeeli®e tlﬁ@?é}*ig r'1“01‘1{164:1 S'I'He@@ﬁr@‘ca Ehga Epe%%(ﬂ?ﬂn\f %ait)g&%(br De ! nner

texture of the tape is exposed
low contact resistance, a small thickness, and an excellent volume

5  efficiency.




for the first time. Then, a deposit attached to the feeding boss is scraped
15 of f, and thus, the contact failure between the feeding roller and the
tape is reduced. Therefore, the apparatus has the maintainability
enhanced, and has a smaller size and 2%wer cost. The apparatus has an
operation efficiency inproved. Mreover, since the thickness is adjusted
by a blowing air- to the 23 silver paste after applying the silver paste
for formng the cathode conductive |ayer of the capacitor elenent, a‘thin
and uni form cat hode conductive | ay€LAIM$ormed. Therefore, a solid

el ectrolytic capacitor has a |ow contact resistance, a small thickness,
and an excellent volune 5 efficiency. 24 CLAIMS 1. A manufacturing nethod

for manufacturing a gol.j 0l yt i i.tor_ copprising the steps of 5
formng a diel ectﬂri cgogl%gu%%ﬁ% %&51%?33%& g%%ﬁ?%%%g avé?l@él net al ;

forning a deotiotytiveapatisbaoomprisiers O spsdfel ectric oxide |ayer;

formng a solid electrolyte | ayer made of conductive polynmer 10 on the
conduc%i ve subst@reeng & dielggtric exide lgyer opory mnadaelemensmiadewiini ng a
cat hode Ia‘y%{,e haghuding the sub-steps of: applying and drying carbon paste
on the soli ’

forming a conductive substance layer on the dielectric oxide

layer;
forming a solid electrolyte layer made of conductive polymer
10 -on the conductive substance layer by electrolytic polymerization: and

forming a cathode layer, including the sub-steps of:

applying and drying carbon paste on the solid
electrolyte layer; .

forming a silver paste film by applying silver paste on

S 15 the carbon paste;

adjusting a thickness of said silver paste film by

blowing a first gas to the silver paste film; and

drying the silver paste film.

20 2. The manufacturing method of claim 1, wherein said step of
adjusting the thickness of the silver paste film includes the sub-step
of scattering an excess silver paste accumulated at an end of the

anode element by blowing a second gas to the excess silver paste.

25 3. The manufacturing method of claim 2, wherein said step of
adjusting the thickness of the silver paste film further includes the

sub-step of sucking the excess silver paste through a third gas.

4. The manufacturing method of any one of claims 1 to 3,

30 wherein the anode element has a band shape and individual -




el ectrolyte layer; formng a silver paste filmby applying silver paste on
15 the carbon paste; adjusting a thickness of said silver paste film by
blowing a first gas to the silver paste film and drying the silver paste
film 20 2. The manufacturing method o25claim 1, wherein-said step of
adjusting the thickness of the silver paste filmincludes the sub-step of
scattering an excess silver paste accunul ated at an end of the anode

el ement by bl owing a second gas to the excess silver paste. 25 3. The

nmanuf act ur RBAgdesiemenss dispesed contiviusly aitdpscifiedinteadalss il t he

t hi ckness of the_silver paste film.(further. includes th sub-step of _
sucki ng the exce¥: e&ﬁg&cﬁgﬁq Otﬂflﬁ%ﬁfﬁl%ﬂflﬁ&?‘éc &ss th%éﬁﬁ%ﬁfiﬁﬁq uring
met hod of fh iPktud@és ¢hal , ; [ a band
shape and i ndi vi dual 25él sj;:ﬁz)—éséélgI%n%ﬁ?éﬂ\%%go&é&r%ﬁg?%%o%%ﬁg{ OQEOZci fied

i nterval s, 153hdowaedieectioni drthbgpnel tedi ustnveyihfedirbetdness ioé dwiesi | ver
paste Il mincludes the sub-step of blowng the first gas at an angle of 0
to 150 t ot¥MfHlect i on orthogonal to a conveying direction of the anode 5
element. 5. The manufacturing nethod of any one of the preceding clains,
~wherein said step of adjusting the thickness of the silver paste film

i ncl udes the subsst&he efanufacturing method of any one of the preceding

claims, wherein said step of adjusting the thickness of the silver
paste film includes the sub-steps of:
10 blowing the first gas to the anode element at a pressure of
0.05 to 0.15MPa; and
' adjusting the thickness of the silver paste film by adjusting

the pressure of the first gas.

15 6. The manufacturing method of claim 1, wherein the silver

paste has a kinematic viscosity of 5.0 to 7.0 Paes at 25°C and 50rpm.

7. A manufacturing apparatus for manufacturing a solid
electrolytic capacitor, comprising:
20 an anodizing unit for forming a dielectric oxide layer on an
anode element;
a polymerization unit for forming a solid electrolyte layer made
- of conductive polymer on the dielectric oxide layer by electrolytic
polymerization; and |
25 a cathode forming unit for forming a cathode layer on the solid
electrolyte layer, including:
a carbon layer forming unit for forming a carbon layer
by applying and drying carbon paste on the solid electrolyte
layer; |

30 a silver paste applying unit for forming a silver paste




10 blowing the first gas.to the anode elenment at a pressure of 0.05 to

0. 15MPa; and adjusting the thickness of the silver paste filmby adjusting
the pressure of the first gas. 15 6. The manufacturing nmethod of claiml1,
wherein the silver paste has a kinema2®c viscosity of 5.0 to 7.0 Pass at
25C and 50rpm 7. A manufacturing apparatus for nmanufacturing a solid

el ectrolytic capacitor, conprising: 20 an anodizing unit for formng a
dielectric oxide |ayer on an anode elenent; a polynerization unit for.
forming a solid Blmdwy appldngsiber medde wf thocdubondayagl ymer on t he

di el ectric oxide |ayer | ectrol ytic | ymerization; and 25 a, cat hode
fi)rm' ng :Jnit for fo?/m' %?rf%cré‘?zf%%éﬁ%fé’i'p&? 1HE 301 g% é@t&'&ﬂ stEer ayer,
including: a cargagid W féOLREINR! 4 tftﬁélfﬁ@éé"d?gtl?e %ﬁﬁrQPfiTe{s%eﬁh%by

appl yi ng and drying carbon paste on"the solid electrolyte ayér; 30 a |

silver paste appaging unit for forming a silver paste 26 filmby applying

silver paste on the carbon,layet;.a first nozzle unit for blowng a first
gas tothe silver pas‘ri‘éirﬂr}g'rﬁflbtrfoéd%@’é‘flgﬁ ea“i"f‘?ﬂ’d?@?é@@&- the silver paste

film and
8. The manufacturing apparatus of claim 7, wherein said first
nozzle unit includes a pair of nozzles for blowing the first gas to both
surfaces of the anode element, respectively.
10
9. The manufacturing apparatus of claim 7 or 8, wherein a
distance between said ﬁrsf nozzle unit and the anode element ranges

1.5 to 3.0mm.

15 10. The manufacturing apparatus of claim 7, 8 or 9, wherein
said cathode forming unit further includes a second nozzle unit
_disposed at a downstream portion beyond said first nozzle unit for
blowing a second gas for scattering an excess silver paste

accumulated at an end of the anode element.

20
11. The manufacturing apparatus of claim 10, wherein said
second nozzle unit has a pair of nozzles for blowing the second gas to
both surfaces of the anode element, respectively.
25 _ ~ 12. The manufacturing apparatus of claim 10 or 11, wherein

a distance between said second nozzle unit 'and the anode element

ranges 3.0 to 5.0mm.

13. The manufacturing apparatus of claim 10, 11 or 12,

30 further comprising a suction unit for sucking the excess silver paste




5 a drying unit for drying the silver paste film 8. The manufacturing
apparatus of claim7, wherein said first nozzle unit includes a pair of
nozzles for blowing the first gas to b% h surfaces of the anode el enent,
respectively. 10 9. The manufacturing apparatus of claim7 or 8 wherein a
di stance between said first nozzle unit and the anode el enent ranges 1.5
to 3.0mm 15 10. The manufacturing apparatus of claim7, 8 or 9, wherein
said cat ho i i her includes a second nozzle unit disposed
at a domnsgg%ggﬁg%r ﬂ%ﬁg%g%%ﬁ%ggg'd first nozzle unit for blowi ng a second
gas for scattering an excess silver paste accunulated at an end of the
anode elenent. 20 11. The manufacturing apparatus of claim 10, wherein said
second nozzle unit has a pair of nozzles for blowi ng the second gas to

both surfaces of the anode el enent, respectively. 25 12. The manufacturing
apparatus of claim10 or 11, wherein a distance between said second nozzle
unit and the anode elenent ranges 3.0 to 5.0mm 13. The manufacturing
apparatus of claim10, 11 or 12, 30 further conprising a suction unit for
sucki ng the excess silver paste 27 scattered by the second gas.




ABSTRACT SOLI D ELECTRCOLYTI C CAPACI TOR -AN%Q}/ANUFACT URI NG METHOD AND
MANUFACTURI NG APPARATUS FOR MANUFACTURI NG THE CAPACI TOR A manuf acturi ng
apparatus for manufacturing a solid electrolytic capacitor is provided in
whi ch a conductive polymer layer is fornmed in a polynerization tank on a
cont i nuous band-shaped anode el enent on which a dielectric oxide film and
conductive substance is fornmed. The nanufacturing apparatus has two
feeding units for feeding a voltage ABSIIRAGRode el enent. The first

feeding unit has a feeding roller for applying a voltage to the anode
el ement by adhering a conductive tape. The second feeding unit has a

feeding roll er h&8ObID MBE@TMTI@C@@A@H@R%I@BS@?&NUﬁ{Q?ﬁHSﬁ@9 bosses
e Vo

poke and tear the surface of the conductive tape to feed age, So
that a conductive poMBEEAOLAND MANBEAGCTIHRING ARBARATUS FORul t, the

manuf act ugi ng net hod for nﬂg%ci | i d electrolytic capacitor
has a | ow defective rate an W&ﬁtﬁ%@ﬁ%ﬁ%&&&%@ﬁ% and operation -
efficiency. Figure 1
A manufacturing apparatus for manufacturing a solid
electrolytic capacitor is provided in which a conductive polymer lé.yer
-is formed in a polymerization tank on a continuous band-shaped

10 anode element on which a dielectric oxide film and -conductive

b,
L

~ -~ - substance is formed. The manufacturing apparatus has two feeding
units for feeding a voltage to the anode element. The first feeding
unit has a feeding roller for applying a voltage to the anode element
by adhering a conductive tape. The second feeding unit has a feeding
15 roller having plural protruding feeding bosses. The feeding bosses
poke and tear the surface of the conductive tape to feed the voltage,
so that a conductive polyiner layer can be formed stably. As a result,
the manufacturing method for manufacturing the solid electrolytic
capacitor has a low defective rate and an enhanced maintainability

20 and operation efficiency.

~ Figure 1




