2 Novenber 2004 1 TITLE OF THE | NVENTION Solid El ectrol ytic Capaci nd

citor a
‘Manuf acturi ng Met hod and Manufacturing Apparatus for Manut Hee Frn?é’of’he
Capacitor 5 FIELD OF THE | NVENTI ON The present invention relates to a s
gl ectrol ytic capacitor used in various electronic appliances, and a
manuf acturi ng nmet hod and a apparatus for manufacturing the capacitor. 10
BACKGROUND OF THE | NVENTI ON Recently, as thé digi tal appliances are
advanced, a capacitor having a | ow i npedance even in a high frequency and
an excellent high frequency characteristic is denanded. To reply the
demand, capacitors_using conductive polyner having high conductivity

obt ai ned by el d¢TLH] QE’EI%ESH‘@BEMONM ion as solid electrolyte are being
devel oped and put in parket. Fig. 17 is an expl oded perspective view
showi ng a conf i gur at i ibfElectipdytso| Capaditut roidy tNanofpasiihgr Mcheapasit or
el ement 48 is Wr{ﬁd as. follows. A surface of an anode el enent 40 nmade
from an al umi ntfAFHAFtUrNE {Rpatatmsiiar Manuferaméns the Bapaciughened. The

el enent is anodized to form20 a dielectric oxide |layer 41 on the surface
and stanped out into a desired shape. The anode el enent 40 is separated

I nto an anade Fa'f'ﬁ part 47 with an insulating resist 45.
Then, on tﬂ'ﬂ cg (i)'cri)gépar Eﬁmﬁﬁ%anese di oxi de | ayer 42 (a conductive
substance) and a soli -l ayer. 43 made. of . conductive pol yner
such as pz)l ypyrrol e, Phe ﬁi'e%%h'é ?Ill*yetn%lon J\.(e‘iatesstoascﬁlé) electrolytic capac?tor%/lsed
”r'in;ﬂyarious electronic appliances, and a manufacturing method and a

olid

I T T PN
mmuf&gﬁuxmg.. apparatus for manufacturing the capacitor.

10 BACKGROUND OF THE INVENTION
Recently, as the digital appliances 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
15 polymerization as solid electrolyte are being developed and put in market.
Fig. 17 is an exploded perspective view showing a configuration of
the solid electrolytic capacitor. A capacitor elenient 48 is formed as
follows. A surface of an anode element 40 made from an’ alﬁmiﬁum foil, a.
valve metal, is etched to be roughened. The element is an(.)dizea" to form
20  a dielectric oxide lajrer -41 on the surface and stamped out into a desired
shape. The anode element 40 is separated into an aﬁode part 46 and a
cathode part 47 with an insulating 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,
25  polythiophene, or polyaniline are formed. A cathode layer 44 composed of

a carbon layer and a silver paste conductor layer is disposed on the

electrolyte layer 43.



25 pol yt hi ophene, or polyaniline are fornmed. A cathode_laﬁgéﬂggwgg 8gsed of
a carbon layer and a silver paste conductor layer is disp T e

el ectrolyte | ayer 43. 2 Novenber 2?04_2 Ihg czﬁaghggé SL$2$2;| 49|and e

r plural elenents 48 are am nat ed. '

%;?Rgaeotefninal 50 are connected to the ang?e part 46 and cathogF zgr;ng7
of the capacitor elenent 48, respectively. th the anode termptor
cathode 5 termi nal 50 being-partially exposed outside, the capac:n A solid
elenment 48 is covered with an external resin 51, thereby conposing

i i ' [ 18B_show a net hod of
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Then, as 15 shown in Fig. 18B, a positive elec rglgggrg E%ponlsoluti 5%
acts Wit h tereninab8 Beink (Rotiallgne:dRBed budsi , YRECLERLE QN ) ;
;ggtgggfiegn t he vol tage betgeen tﬁg portion ang a negéﬁlv e?&ﬂ%?%dgyﬁ%
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rg;efeirs for mgd on_tt he surface of the anode foil portio 4%%.
capacitor.

Fig. 18A and Fig. 18B show a method of manufacturing the
capacitor element 48 in detail. As shown in Fig. 18A, an anode element
10 40 made of a valve metal foil 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 in 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 cafbdn.layen 1.e., a 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, i.e., a low equivalent serial
25  resistance (ESR).
In the conventional manufacturing method of the solid

electrolytic capacitor, feeding electrodes 54 contact with anode foil



Then, a carbon layer, i.e., a cathode contact |ayer and a si |l ver paste
é(r)e sequentially for?/red on the conductive polymer |ayer f o NOYEFBETRP04t he
capacitor element 48. The solid electrolytic capacitor having such
configuration has a |ow resistance of the solid electrolyte |ayer 43,

i e. , a low equivalent serial 25 resistange (ESR). In the conventional
manuf acturing nmethod of the solid electrolytic capacitor, feeding
el ectrodes 54 contact with anode foil 2 Novenber 2004 3 portlons 40b of

40 with a conplicated process. Hence, that nakes an
e s rrp flcult When t he cat hode

Cayer a4 i 5 1 BPRAATRADK R, Bhe $%a)%%‘€ac' 40mih 3 ﬁemg;ca@dt pustessastiehce,
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57 passes between el astic scraping plates

each others Thasisi iedlespdst hilitnaRPf €Kk Q ér@euﬁeg;:ehd wifd] C{mgﬂ%% 5[) o

t he anode el enent 40 is scraped off vmth ng en

pl ates 56a, 58pplitatiencproredshodltofis aeinest bﬂ@emyt@ifﬁgﬂ%sgo g Sth{ yer

aste 57
P uniform conductor layer.

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

iﬁ Fig. 19A and Fig. 19B, a band-shaped anode element 40 coated with a

10  silver paste 57 passes between elastic scraping plates 56a, 56b disposed
oppositely 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 5.7. 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, is adhered at a lower porfion causes

20 serious quality and productivity problems.

In the solid electrolytic capacitor having the cathode layer 44
composed of such silver paste 57 having the uneven thickness, the contact
resistance between the cathode terminal 50 and cathode layer 44
increases, and the ESR characteristic is often poor, and the product yield

25  islow.

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



15 depending on the elasticity of the scraping plates 56a, 5RQyeniter 204
difficult to formthe uniform thin silver paste 57. And the scrape
silver paste 57b accumulating in the,scraping area nust be often renoved.
And further, as shown in Fig. 19B,. f‘he anode el enment 40 where the silver
paste 57a, which is not scraped sufficiently, is adhered at a | ower

Por{ ! oneeRS e ROSRELOH AR Y AMRT SACHLNE Yealer™. 10 the sol i d

el ectro I'C capacitor “having the ¢ 0 yer 447 conposed of such silver
paste 57 having the uneven thickness, the contact resistance between the

cat hode term nal 50 and nga@ﬁrrf% and the ESR
and the proguct leZ

characteristic is often poor, d 25 is low Since it is
difficult to forma thin conductor |layer, the cathode I|ayer 44 is |likely

to be thick. Abeertigntd Yo fike aspbbimfothd haesamadhtaition, Nhegabgr 2004 4
el ement 48 increaseS, and thus, the capacity per volunme decreases. SUMVARY

OF THE pidwidEd eNndmadfadiuring methbdd raft maspéadturihgtdreold edectroliyticent i on,
there is provided a manufacturing nmethod of manufacturing a solid
el ect r otapacitor czpagi a anamsfastprangrapphsatusrinchidipgaa grolymemzationng a
pol ymeri zation tank and a negative electrode installed in the
pol ymer tankt andh a: aegativaelectiedeumstallad iy the petymenapiioritagks saidst eps of .
forming a dielectric oxide filmlayer on of an_anaode el gn?nt made of val ve
met al ; WenpaguEngcBrdbed | campusmgibe stgperoonfamang 8 dialetsiCoxi de film
e fxide f?ﬂn?ayer on of an anode element made of valve metal; forming a

conductive substance layer on the dielectric oxide film layer; forming a

solid electrolyte layer on the conductive substance layer, said forming

the solid electrolyte layer including the sub-steps of: adhering a

conductive tape to the anode element; conveying the anode element into

said polymerization tank; making a first feeding roller contact the

conductive tape; peeling the conductive tape from the anode element;

making a second feeding roller contact the conductive tape and penetrate

the conductive tape; and applying voltages to the first and second feeding

rollers and the negative electrode; and forming a cathode layer on the

solid electrolyte layer.

Typically, when the conductive tape forming the solid electrolyte
layer contacts with the second feeding roller, the tape scrapes off a
substance adhering to a feeding boss penetrating into the tape.
Accordingly, the second feeding unit applies a voltage to the conductive
tape without failure, and a uniform solid electrolyte layer is thus formed

efficiently by the electrolytic polymerization.

According to a second aspect of the present invention, there is
provided a manufacturing method for manufacturing a solid electrolytic

capacitor using a manufacturing apparatus including a



solid electrolyte layer on the conductive substance |ayer, sahLé.fRFH099
the solid electrolyte |ayer including the sub-steps of. adhering a
conductive tape to the anode el enent; conveying the anode el enent into
sai d polynerization tank; making a first feeding roller contact the
conductive tape; peeling the conducgtive tape fromthe anode el enent;
maki ng a second feeding roller contact the conductive tape and penetrate

t he conductive tape; and applying voltages to the first and second feeding
rol | er spalyeriveatroay terikv ené| ext megativendeleotnodeg mstalldibdenl ayaid on the
solid electrolyte layer. Typically, when the conductive tape formng the

solid epelymaizaton | tank, sard awsifestuninghaetiend ndnfpesding ghe stdpsr, t he tape
scrapes off a, substance adhering to a feeding boss penetrating into the
tape. @kdeoraingla dialeeiriccosidle ﬁg‘gdiaryrgr @i an anpdeceiemeans made afo t he
conductive tap i thout failure, and a uniformsolid electrolyte layer is
thus foyal¥e mell; ﬂm\ng@ qgndu%wa %@smwﬁaxerp@m yhe dielgetrisoxidecor ding to a
second aspect of the present jnvention, .there .is. provided a manufacturing
mot hod PP eRIHRE AT oSBIE [era g onductisE s s tacss g
manuf act ug i apparaius i ncludi a 2 Nove r 2004 5 pglynerigzation tank
and o ropide® BRERbERerd fut diatien as S RUGHNG ddbe Aol P TERGE" sai o
manuf ac | Ng. . iSi e : ' . di tric oxide
i g SEhRRSiE” B qBioRe st o, 9ld AU P onauct  ve
subst anggrl Ay el P8 Fa&Iifk Slotll ddntdd & conductive tape; peeling the

conductive tape from the anode element; making a second feeding roller

contact the conductive tape and penetrate the conductive tape; and

applying voltages to the first and second feeding rollers and the negative

electrode; 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 the silver paste film by blowing a first gas to the silver paste

film; and drying the silver paste film.

According to a third aspect of the present invention, there is
provided a manufacturing apparatus for manufacturing a - solid
electrolytic capacitor, comprising: an anodizing unit for anodizing a
dielectric oxide layer on an anode element; a polymerization unit for
forming a solid electrolyte layer on the dielectric oxide layer, including:
an electrolytic polymerization tank; a first feeding roller for applying a
first voltage to a conductive tape adhered to the anode element; a first
feeding unit disposed at an upstream portion of a conveying route of the
anode element, said first feeding unit having said first feeding roller;

means for peeling the conductive tape from the anode element;



| ayer; forming a solid electrolyte layer on the conductive ﬁﬁp@h@gr%ohayer;
I ncl udi ng the sub-steps of. adhering a conductive tape to the anode

el enent; conveying the anode el emaglt into said polynerization tank; rmaking
a first feeding roller contact the Ronducti ve tape; peeling the conductive
tape fromthe anode el enment; naking a second feeding roller contact the
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by app'ddﬂtgcﬁﬁ$ ?@nfdbgéﬁé@a@ﬂ%ttﬁé é‘cﬂ‘[&i@@lv@aﬁa?%f PIbdsid Tedingt higkness of the

silver paste f blowng a first gas t he silver paste film and

dryi ng dieposed ven dewhstreamnpoAisiPoffithe donvayidy reuRsef e ahotlBe present

I nvention, there is provided a manufacturing apparatus for manufacturing a
solid eermntolsyid cecandcieeding amiprapplyige ansecvad ziobiggenid ther anodi zi ng
a dielectric oxide |layer on an anode el enent; a polymerization unit for

f or mi ngcandumitivee eflapet rtﬁtqugl | saidr seconde fdedingctmallerpxadaeegatise, i ncl udi ng:
an electrolytic polynerization tank; a first feeding roller for applying a
first veleetagdet odispaseducint vesaidpe elatiselytictpolymerigasion ienkpand: a first
feeding unit disposed at an upstream portion of a _conveying royte of the
anode @@Wﬁht’s}lpﬁgf ynyts reaupled dp nssud st e seeonsl feadingiumbseandg rol | er;

neans for. , peeli the conducti ve tape from.t he. anode el nt; 2 Novenber
2004 5asald%aﬁ10 egumt, respectively; ancti apcatfloge forming unit f%r Efgﬁmng a

cathode layer on the solid electrolyte layer.

According to a fourth aspect of the present invention, there is
provided a manufacturing apparatus for manufacturing a solid
electrolytic capacitor, comprising: an anodizing unit for forming a
dielectric oxide layer on an anode element; a polymerization unit for
forming a solid electrolyte layer on the dielectric oxide layer, including:
an electrolytic polymerization tank; a first feeding roller for applying a
first voltage to a conductive tape adhered to the anode element; a first
feeding unit disposed at an upstream portion of a conveying route of the
anode element, said first feeding unit having said first feeding roller;
means for peeling the conductive tape from the anode element; a
second feeding roller having a protruding feeding boss disposed on a
circumference of said second feeding roller, said protruding feeding boss
contacting and penetrating the conductive tape; a second feeding unit
disposed at a downstream portion of the conveying route of the anode
element, said second feeding unit applying a second voltage to the
conductive tape through said second feeding roller; a negative
electrode disposed in said electrolytic polymerization tank; and
power supply units coupled to said first and second feeding units and

said negative electrode, respectively;



a second feeding roller haV|ng a protruding feeding boss disg PPhod
circunference of said second feeding roller, said protruding feeding boss
contacting and penetrating the conductive tape a second feeding unit

di sposed at a downstream portion of the conveying route of the anode

el ement, said second feeding unit gpgplying a second voltage to the
conductive tape through said second feeding roller; a negative electrode
di sposed in said electrolytic polynerization tank; and power supply units
coupl edarich a5 hthokler férneing aaitofut feresingyausithedaridyes andtisaisblide uni t,
respectively; and a cathode formng unit for formng a cathode |ayer on
the sol ¢ldcebbyterlalyet,eilcdyémg: A carbbmdayer dofrning nats pec apptyinge present
invention, there is provided a manufacturing apparatus for manufacturing a
solid andchyny catbempaste on, thsplidselegtrobytealaysiy angilver paster forming a
dlelectrlc oxi de Iayer on an anode el enent; a polynerization unit for

f or m ncappl ythg HHHI@@t oENyng al [lMar paste ﬁénubﬁla@@lm Sﬂé(ﬂ!é)asa@@fl i ncl udi ng:
an el ec ron olynerl ation ank first feedi ol | er r applying a
firet vl fo Tay o et woZelsriniiaher adnissinga Hiskeess 9 a first

f eedi ng n|t dlspos upstr of a co ute of the
anode eSrE‘FFE'rHaSt"sm ofif s Bleottie ?‘&"1@ o e SuPr bR RSt Ay o1 1 e
nmeans f eell t ductlve t fromthe anode elenent a second

f eedi ng S@Plﬂﬂﬁa" %Flrl‘d?ﬁﬂﬁs 53&16‘? ‘ng boss di sposed on a
circunference of said second feeding roller, said protruding feeding boss

contacting and penetrating the conductive tape; a second feeding unit
di sposed at a downstream portion of the conveying route of the anode



el enment, said second feeding unit applying a second voltage to the
Eonductive tape through said second feeding roller; a negatNo&moer & ode
di sposed in said electrolytic polynerization tank; and power supply units
coupled to said first and second feeding units and said negative _
el ectrode, respectively; 2 Novenber 2004 5b gnd a cathode formng unit for
formng a cathode |l ayer on the solid electrolyte layer, including: a
carbon layer formng unit for applying and drying carbon paste on the
solid electrolyte layer; a silver paste applying unit for formng a silver

paste film by |y I l.ver paste on__the carbon |layer; a first nozzle
unit for adj us?ﬁ%&ﬁﬁﬁ]%MSgpQﬁl QREHEDRAWIDEESe film by bl owing a first
gas to the silver pastI{a film and a, drying unit for drying the silver
paste film 2 Novenber 004 6 BRPEEIESCRIGH | @ aoF etegtrPRAW NS nRégzations a

sectional view egtralyti.g pol rj.zation, apparatus for a solid
el ectrolytic ca al?ﬂ[}gﬁé a OéoPdisﬁgat S?eé%%lﬁrijapaé%tﬁ%diaﬁ%ﬂmg ofo texemprlesent

invention. 5 Fignnhdfd ' f. a band-shaped anode el ement of the
solid electrolyt |bc (%%g%-‘ll ?ggﬂgpggér%(#ﬁav?%m%odi ment 1. Fig. 213 is a

sectional - visew of the fyansia shaped, heiEndL.Qf.q Lhe solid el ectrolytic
capacitor according to gnbodi m@nt ?&W&tﬁb@% éhaped Andde e?emen?ote%he 801.1
electrolytic capacitor according to embodiment 1.
Fig. 2B is a sectional-view of the band-shaped anode element of
the solid electrolytic capacitor according to embodiment 1.
Fig. 8 is a perspective view of an electrolytic polymerization tank
10 according to embodiment 1.
Fig. 4 is a sectional view of the electrolytic polymerization tank
according to embodiment J.
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 according 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. 3 is a perspective view of an electrolytic polynerizati onnbaddber Xd4
according to enbodinent 1. Fig. 4 is a sectional view of the electrolytic
pol ynmeri zation tank according to enbodinent 1. Fig. 5 is a sectional view
of a first driven roller accordingAo enbodinent 1. 15 Fig. 6 is a
perspective view of a first feedind roller according to enbodinment 1. Fig.
7 is a sectional] view of the first feeding roller according to enbodi nent
1. Fisgeomd; Seadingetrodlesl contagtof withf ia seondintiven tape| eracsording g to 20
enbodiment.. 1. Fig. 9 is a perspective view of a peeling roller according to
enbod‘?%g’ﬁfh@?ﬂi:ig 10 is a perspective view of a second feeding roller
according to enbodinent 1. 25 Fig. 11 is a sectional view of the second
feeding roller Bicd2® igatsectiondodiereshowing ithat théfbdss &f grcidcond Vi ew
showi ng the state where a boss of the 2 Novenber 2004 7 second feeding

rol | efeedong ealier pokds iate thedcmiducti vieappe accordingdgo tembedibwetitriient 1. Fig. 12B
Is a sectional view show ng that the boss of the second

Fig. 12C is a sectional view showing that the boss of the

second feeding roller penetrates the conductive tape according to embodiment 1.

Fig.13 1s a perspective view showing an essential portion of an
apparatus for manufacturing a solid electrolytic capacitor according to

exemplary embodiment 2 of the present invention.
Fig. 14 is asectional view showing a first nozzle unit of
manufacturing apparatus according to embodiment 2.

Fig. 15 is an essential side view showing a second nozzle unit of

the manufacturing apparatus according to embodiment 2.

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

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 capacitor.

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.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

(Exemplary embodiment 1)



[ I'er pokes into the conductive tape according to enbodi ment 1.
;?Sélggcr?s a sgctional vi ew showi ng that the boss of the Z&ERASTEE4I ng
roller penetrates the conductive tape according to enbodinment 1. Fig. 13 is
a perspective view showi ng an essential portion of an apparatus for.
manufacturing a solid electrolytic capacitog according to exenplary
enbodi ment 2 of the present invention. Fig. 14 is a sectional view show ng
a first nozzle unit of manufacturing apparatus according to enbodinment 2.
Fig. 15 is an essential side view showi ng a second nozzle unit of the

turing apparatys.according tq embodinment 2. Fig. 16 is a plan
gﬁgw‘ ﬁ; ;LI aigr Bloovm' n%e%?)flélgti%n r GEAVHRES | pXamplasy z pwbodimentf 1 hd the

manuf act uri ng gsv@&%%gﬂéeﬂg&ggﬁbir}%ﬁeg?lielg%)ggisgent 2. Fig. 17 is an expl oded
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ol ectroryt o capac tor” Dol CRERERRAIGL AR o8 SROECHRR PENF Rl ar
enbodi ment 1) 2ppiamegnber A2 PBolymerization tank 8 is filled with polymerization

solution 9. A first driven roller 13 and é first tension roller 14 are
disposed at the upstream portion and the down stream portion of the
polymerization tank 8,respectively, and the rollers 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 is 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.



Referring to the draw ngs, exenplary enbodi ment 1 of the resent invention
Wi ll be described below. Fig. 1 is a sectional view of a ﬁ&ﬁﬂ?g@ﬁﬁppﬁg
apparatus for a solid electrolytic capacitor in exenplary enbodi nent 1 of
the present invention, 5 particularly showi ng a configuration of an

el ectrolytic polynerization apparatus. A |long polynerization tank 8 is
filled with polynerization solution 9. A f®rst driven roller 13 and a
fi-rst tension roller 14 are disposed at the upstream portion and the down
stream portion of the polynerization tank 8,respectively, and the rollers
are partly imersed in 10 the pol ynerization solution 9. At the further

upstream portion beydre bahé-shiapst afodeeslemeht O hddin & Hol feed roller
20 and a roller 21 are disposed. At the further doJ\lmg?;t ree%%dﬁlgﬁt%?ongﬁe@ond

the first tensi@ereddpltbe anbdeacopeatti marts 6l ikeonadyddoky PEEFi-RiOdA gﬂﬁlﬁﬂ&ti ve

tape 7 froma band-_ shaped anode elenment 1 is disposed. At the ?(urt er

downst r eam por 3 gHid fESg teasiogr rdler d4seocdnd ihendised [0lther p@§maithidn
negative el ectrode 10 is disposed In the

roller 27 are di Sﬁosg)d. @t de |

pol yneri zat i orPLRHRRE.  (AHtemisaxing thepglyimerpitionetarning dre apphy dbds havi ng
such a configuratjon, the conductjve tape 7 and the band-shaped anode

el enent | %ar gh?%&hei({cﬁjlﬁléiluFf}vﬁoW@yZdP%@ga}f@ bhyethe neelisgnraller Riy sndf edi ng

o er 2020, AU DE bty oBD i S SIS D L8, o2 20 T2 e
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4-for isolatinghiiBetlanQdRde 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 apparafus, plural long
polymerization tanks 8 are arranged in parallel as shown in Fig. 3. The
polymerization solution 9 flows i;lto 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 1id 18 is put on the upper opening of each long tank 8,
and the lower portion of a spacer 19 provided at the lowef side of the lid 8
is 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 adhered 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 Fig 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



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 %@%@F@F%Kpﬁe
anode foil portions 6. 2 Novenber 2004 9 The band- shaped anode el enent 1
havi ng the conductive tape 7 adhered to the anode contact parts 5 is
conveyed by the first driven roller 13 and¢first tension roller 14 and is
I mrersed in the polynerization solution 9. After |eaving the

pol ynmeri zation tank 8, the anode elenent 1 5 has the conductive tape 7
peel ed off by the peeling roller 24, and is conveyed by the roller 25,
second voltageh{pﬁgfgoller 26, and roller 27. A voltage is applied between
t he conductive tape 7 and negative electrode 10 while the anode el enent 1

5, being conveyed | n AN PRI LEBLLEN pGRLHSR S TS Sk 20 e oduces o

pol ymeri zation reaction starting from

7 to the anodead ghbwRoik iR B, aafipkt! AY; i ctive polymer.|ayer
on the anode foil parts G.EI nthis e egﬁgo}@f@ﬁngﬁ@ﬂ rilﬁa‘folcT €a &S,

plural long pmepneriszbtpesedt amke Beding @eaBa9ed d -al.| QwWn.4i N
Fig. 3. The polynerization solution él%f | ows I nt odtgﬁga%fo}%fﬁg?llagéﬁ 8ﬁaﬁénk 8

froma first 18epmiter20 presonmdeadhat theeohdaktife BSpsSNWRLL %n'égg gtlélx;ttlﬁﬁf'd

flows out of the tank 8 froma second port 12 at the other en e tank
8. Further, asl- sAoswring 23 gresses dheimdles 405 tpthe daps e MRPEhusPRAILRY Lf

each long tank 8 and the |l ower portion of a spacer 19 provided at the
| ower side of 1'RBIY Feitage be apmhieddedhiertapethe Puirpfire] aabndncto pblyaRed.
. layer is formed stably.

Fig. 7 is a sectional view showing the first feeding roiler 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 voltage

applying unit 82a 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 voItage.

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.

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

in 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



20 The negative electrode 10 is provi ded above the | ower 3@@ ofbthe spacer
19, and the band-shaped anode el enent 1 to which the conductPPEPELENE 7 is
adhered passes beneath the spacer 19. Plural first driven rollers 13 are

di sposed at the upstream portion of the polynerization tank 8 arranged in
parall el as shown in Fig. 3, 25 respectively. A single through-shaft 15
penetrates the first driven roller 13 alonblthe 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 2 Novenber 2004 10 in Fig. 5. At the
further upstream portion beyond the first driven roller 13, as shown in
Fig. 6, a firsf theasrony fesiding ralier #6j ah shewwoirt Bige 14DDIBtohG:1diABABSdirigS

di sposed. The_feeding roller 20 and a feeding roller 21 beneath5 the

rol ler 20 pred8ssasdd hakepeovided canthepitter dimpenferencd be theedbeeRmeMhe 1. A

spring 23 presses the roller 2Q to the tape 7, and thus, nakes a stable
vol t age be apﬁ??é‘&ctp@ E%@,f%salﬁédﬁetwﬁ@méh.@,r@l}e@ Zomaidi 8 ibyen potipge8. lAgyer

is formed stably. Fig. 7.is a secgtional .view show ng the first feeding
rol ler 20 and%%om%‘?ﬂ“ér t}ﬁelprqtﬁBa’rr&ﬂ eédl%%Pﬁeﬁr%l/P@]é@aﬂﬂtWaa thaistefR2 f or

preventingsth ' a 7 fromlateral deviation. Plural ball
beari ngs 3% arggtﬁ%)lgg%%é%%&eb%atﬁen the roller 20 and through-shaft 32, and a

vol1ae vyl n6 Unboragelnc b B SOARCRIALE 7 T et
ap/p.l ies the 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 surfacé 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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2(5) V?L;?gfh\g ﬁol ler may apply a stabl ehvol Ejage. t‘rl'ggn:‘ |p(r)f: ii%?i’f}["@ﬁ”%@?l ers
[ sed at the other ends of the owns _ _
égl sﬁrgrﬁlz:l{)?on tanks 8 arranged in pa][ altltelj, ﬁbgﬁnggtlt\r/]gl Zén?fals_hg\)/(\?sl gf
[ [ I Vi 17 is fitte _ _
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Egtcaggnf teﬁgl n?e:ai ng roller 26 and through-shaft 29, and a vol tage applying.

unit 29a is
T (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
capacitor element are 3mm x 4mm. 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 conductive 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
256 of pyrrole and 0.1molliter of alkyl naphthalene sulfonate. During
electrolytic polymerization, the conductive tape which is a polymerization

electrode as a common positive electrode and the stainless steel plate



10 provided at the through-shaft 29. The feeding roller having the through-
sha?t 29, to which a volgage is applied, applies the vol t ZfeFmPH 208 mal | er
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
circunference 15 26a of which center projects in an outer circunferentia
direction. Therefore, the conductive tapel? is hardly deviated fromthe
center of the circunference of the second feeding roller 26, and thus, the
manuf acturing apparatus operates with a high rate: A conductive polymer

| ayer fornmed by electrolytic polynerization 20 is adhered on the surface

of the conductdisposeddmrizathe ihawhlével Bisth ndgdbive aledeRARl dppiths Q%thgg, In
the conductive polyner layer is attached to the second feeding roller 26
and prot rudi nd'aredlivighbtyseingtes MMhmnthEpoknty inththygoljheriearol dhiaked ape
7, as shown in Fig. 12B, the surface of the tape 7 rubs off. the deposit 34
whil e the bosdB§ Fdtparendacive inslymehdayapes &5 nved Dhetlef entre amoglBofsil i N
Fig. 12C the bosses 31 deeply poke into the conductive tape 7, and thus,
contacts the tPEpEORS LB, Isyrfages af the @npde gleraenibl e vol tage is applied to

the conductive tape 7 and decreases a 2 Novenber 2004 12 pol ynerization
failure. Alcordi ng t OCERTE @Wﬁlﬂﬁ?‘ﬁ‘ﬁﬁ{zﬁmﬁ§ tapkuihe gpndugtive dape t9peeled off

Phe 1 oadi g onds Srtf ARTRsnB et et & ke Shictied Ue dasond feeding
roller. The anode element is 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
roughene-d electrochemically, an anodized film is fofmed at an anodizing
voltage of 85V. Then, slits are formed in speciﬁed: intervals on both sides
of ”’lche foil by cutting the foil, and thus, a band-shaped anode element

20 having capacitor elemel.lts 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 Smm 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



5 conductive tape 7 and nmay not penetrate through the tape2 the sane effect
is obtained. (Exanples) On an aluminumfoil (100gm thi ck)% N¥¢MRE 498t h
surfaces 10 roughened el ectrochem cally, an anodized filmis fornmed at an
anodi zing 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
el ement havi ng capacitor el enents di sposed1 t the sides is obtained. Then,
anode contact portions and anode foil portions are separated by an

insul ating 15 tape attached on both surfaces of the anode el enent.

D nensi ons of the capacitor elenent are 3nmx 4mm Then,. an anodized film
is fornmed at .de of, the slit in the anode el enent. Then, the anode
foil portions %‘?ﬁd@ﬁ%fvghp%%yﬁ’e?ﬁg@%é’é ‘;}}qf’iué}ﬁb ozt vus pelyimari catiar.e Bl i £d
are pyrolyzed § fy | .nut es. at 300% and thereby, a manganese di oxide

|l ayer is for rnedé&rbf(sl Ig\rg’gf %ﬁaeh(?ggerf BRINE;GYET 85 termed eanihecentiee anbds smte

| ayer. A condugpit¥snd aps,dS r 1o _the. band-shaped anode el ement thus
prepar ed, and g conduc?‘ﬁl\?él’g% yﬁéﬁrﬁg’l 4\fAPALLOY slepeniors chialseds ada ohodé he

anode el ement leoadt fied PAARGARNEZAL in Fig. 1. The

pol yneri zation solution is an atghgg%%&géf%?%ﬁe@o@?%%F?qtiﬁoé*ﬁmnzaiﬂbﬁhe

pyrrol e and 0. datiolé | ddnactoportidy bal.en | f.onat e. rin .

el ectrolytic polynerizati Qn? t he cgngu?:%lpglfft ?&?ﬂmﬁ _c?hczil%ac%](’ﬁo?f?ﬁ%@rtzé? i on

o) eot rode as acmmiomithosit epxyekashs R Add ASIPLE Tl ilr R s 2
obtained. Ammonium persulfate 1s 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 applied 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, 150p.F)
Capacitance Leak current Withstanding
Example (1”'5]2 (l;?) VOltzg?»e )
Comparison _ 148 . 28 20

As resulted from Table 1, the solid 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 clements 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 g polymerization electrode. As a
result, plural capacitor elements can be electrolytically-polymerized more

easily and continuously as compared with the comparison.



di sposed beneath a liquid |l evel as a negative el ectrode applies vol t.age.
Forpabout thirty mnutes fromthe entry into the polyneriza%#§ﬁ3@5%%h¥o
the exit, a conductive polyner layer is forned on the entire anode foi
portions on both surfaces of the angde elenent. 5 Leaving the

pol ynmeri zation tank, the conduct i vé tape is peeled off the band-shaped
anode el enent and is taken through the second feeding roller. The anode

el ement is thkehis esib@ditheirthettaddishdprxd anvdicelementi§s sade ¢fr bon | ayer and
a silver paint layer are formed on the entire anode foil parts, and

t her eby,, a nt agt rdlon ks faqr Bej,ng. cut capaci tor

el enentglea?@?’g%ﬁgﬂgr@ﬁ? aﬁﬁ @%’g’d%é &%%(!F gﬁgaﬁ@?@dgitfl@fﬁn zﬂnéll 8@5{ 'n out of the
anode c [ Rode [on, respectively. Then,
t he cap‘gg%?gl?pggéﬁed%ﬂwﬁlsfbc%gﬁgﬁml 112%?@%@%}(@2@?% and a solid

el ectrolytic capacitor, is ohtained. 15 (Conparison) On an al um num foi l
(100t m(ﬁx@nplmm@omw rfaces roughened el ectrochem cally, an anodi zed
filmis formed at an anodi zing voltage of 35V. Then, slits are fornmed in
speci fi ed i nRefuteiny @xheairiwshggexehplagy EaibodinentDidfMiietdiesdmi |, and

t hus, a band-shaped anode el enént 20 hdavi ng capacitor el enments di sposed at
both sides i.s_abt fhng%. Tge(ﬂ, t he anode contact portions and anode foil
portion]snV OEe‘HQ £ 36]9 & i nsul ating tape attached on both surfaces.

Di mensions of the capacitor elenment are 3nmx 4nm Then, an anodized film
is forned atFighel 3isla pérspetteve Miewi shavingaan dssetteateporticthefiana conducti ve

polymer film of 25 chem cal oxidation pol ¥m$ri zation of pyrrole is forned
on t he appparabts &r manufacturing a solid electrolytic capacitor according to

—

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
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
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 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).
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ode el ement. As shown in Fig. 13, the el ectrode : '8" €004
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2 Novenber 2004 14 conductive polyner film of chem cal oxidation

pol ymeri zati on

Then, a carbon layer and a silver paint |ayer are forned

. : . . | ement
on the entire anode foil portions. Then, bﬁléng cut, a capacitor ele

obt ai ned. An anode |ead and cathode | ead a

t aken out of the anode

i's

[ [ tively. Then, the
tion and the 5 cathode contact portion, respecti\ _ _
gggggict oforel enent is coated with an epoxy resin, and a solid el ecthr olytic
capacitor is thus obtained. Ammonium persulfate is utilized for the
oxi di zi ng agent for ¢REM%LEI2 Fdp saetiomalpseyrebowing laaressdigthh Epdrt RSt he
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@%@B@ﬂi%@ec@lgﬁf\egtaégﬁeané @rn%s‘r) Zch%4s?lver paste 38 uniformly and
thinly with the air.

Fig. 15 is a side view sHowing an essential portion of the second
nozzle unit 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
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 impregnated with manganese sulfate
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 may be used.

The sblid electrolyte layer of conductive polymer is formed by
electrolytic polymeriz;at'ion 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.

Specific examples will be explained below.

(Example 1)



Leak current 15 28 Wthstanding voltage (V) 23 20 As resulted from Tabl e
1, the solid electrolytic capacitor of the exanple has a &nNeMPPiZR4
current and high wthstanding voltage. The band-shaped anode el ement has a
plurality of protruding capacitor 20 elenents at both sides. And, a voltage
s securely applied to the conductive tape from both upstream and down
stream portions of the electrolytic polymafization tank as a

pol ymeri zation electrode. As a result, plural capacitor elenents can be

el ectrolytically-polynerized nore easily and continuously as conpared with
t he conparison. 2 Novenber 2004 15 In this enbodi nent, the band-shaped

[ I d antal u
anode el enment is Wﬁd%rpfalhﬁﬁnﬂhy%gu?agoh suffdd MRY, ﬁ,JPx nF& E}( (3:%1 c{n

titani um and ot hers The shape an | mensi ons are

aT e Bt sreomett) Mool TR0
perspective vipwtemowndgaarmthedenidrélonpdyt 49Nndhladthe resist tape. A band-
shaped anode element has capacitor elements having an effective area of
5 3.2mm x 3.9mm disposed every 4mm. To the anode element, a DC voltage
of 12V is applied for 20 minutes in aqueous solution of 0.3wt% of
ammonium dihydrogenphosphate at a temperature of 70°C. Then, an
anoaized 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
alominum dihydrogenphosphate at a Liquid temperature of 70°C. Then,
a DC voltage of 10V is applied for ten minutes to anociize the anode
element again. On th_e manganese dioxide layer formed on the anode
20 element, a solid electrolyte léyer 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
256 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 lm/min. Then, the

applied silver paste is adjusted to a desired thickness by the



apparatus for manufacturing a solid electrolytic capacitor_according to
—eggodinent 2. Fig. 14 and Fig. 15 are a side sectional viéﬁﬁﬁﬁ@bgﬁogi
essential side view of the apparatus, respectively. A band-shaped anode

el ement 35 is conveyed at a constant speed in the direction of an arrow
shown in the drawi ng. The anode elenment 35 is forned as follows. A

band- shaped al umi num foil supplied from a4fgeeder (not shown) has a surface
roughened by etching. Then, the elenent is anodized to forma dielectric
oxide filmon the surface, and then is stanped out into a desired shape.
The el enment is separated into an anode part and cathode part by an

I nsul ating resj o) he.cat hode .part, _.a manganese di oxi de | ayer

and a solid elfé%iny S%J;tﬁ gmlgaé}%éar&tu%(% H“Btlmgpéﬁ)ﬁhﬁ‘i’ug}y Fag.pldi gnédnis dantah
unit (not showmd akdf Furt.her carpon layer is fornmed on the
solid electrolyte I%&é??%ﬁg aaégﬁalr&\fl/té)%‘ N %?Iép?‘g‘”ﬁ‘&%ﬁi catheste eanslustivedayemyer .

In a first noziHegesid o@igdd second nozzle unit 37, nozzles are disposed
symmetrically in pair as if the nozzles hold the band-shaped anode el enent

35 from above and be%@b@ju%ﬂﬁ@@ﬂ@tﬁckhéé@éf%‘%siﬁerrpa%%?%ﬁ% t.?;lends of the

first nozzle unit 36 and second nozzle unit are” s ‘H’Vil’\?ir%

sour ce for Ssuctfi Bre finstnehtaahit EoNOXEHRA al?(%‘laxﬂ]xg bg#x%tglé%ééggﬁ%%%engmsG of

sectional view showi ng an essential portion of t

the manuf act urdwey fopatla asodhelemdnt. Fidg aitblow HHeBRALS SnMRidd 3600 pys air
to_ the silver tg%:iteeor%ﬁogao%glIdeigec%r(])nt trgethiagod- ing di 1
nveying direction of the band-shaped
anode element as shown in Fig. 16, and the pressure of thé 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 cathod_e terminal are connected to the anode element and cathode
conductive layer of the capacitor element, respectively. Then, the
capacitor element is molded with 1nsulating 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.



shaped anode el enent 35, and forns the silver paste 38 unifgrm 5
thinly with the air. Fig. 15 is a side view showing an esse ?mﬁlaﬁﬁpflon of
the second nozzle unit 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 bl ow away
10 the silver paste 39 accunul ated at the &2ge of the anode el enent 35.
Further, since the vicinity of the | eading ends of the nozzle parts 36, 37
is sucked through the filter 38, scattering silver paste 39 does not |eak
to the outside of the apparatus. The anode el enent 35 is.inpregnated with
manganese sul {Bkempld 3aqueous solution, is dried in air, and is pyrolyzed
at 300Cto f oral a nanganese dioxide |layer. Instead of the nanganese

di oxi de |l ayer, a preAcolt dl@:)tﬁ(ﬁlyﬂi@@ﬁp9£1t01cférlﬁ§ﬁ&fa‘é%uf@¥ﬁf il g er
conductive polynmer may be used. The solid electrolyte |ayer o con et ve

pol yner is forsghesranpleel evept vhatctlpothioknéssads e bppﬁe&' %Elbéﬂ?a@éboié ed
to the anode elenment from an external electrode in a polynerization

sol ution cont &dmatg Herderovy el blowrpmessewe auite Asstpyeazd et of . DpiEne. As
aresult, a solid. elect roI ytic. capacitor having excellent characteristics
i s obtai nedl s@é‘ﬂl@lai itihe speand pezele andt to @.0AMP25 Specific exanples wil |
be expl ai ned bel ow. (Exanple 1) 2 Novenber 2004

(Example 4)
A solid electrolytic capacitor is manufactured 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 0.15MPxa.

(Example 5)
A solid electrolytic capacitor is manufactured in the same manner
15  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 0.10MPa.

(Example 6)

20 A solid electrolytic capacitor is manufactured in the Ssame 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



17 An alum num foil has a surface roughened by etching an expan by 125
times. The alumnumfoil is separated into an anode port&o’ﬁovgﬁ"ge%%gﬁt hode

portion by an insulating resist tape. A band- shaped anode el enent has
capacitor elements having an effective area of 5 3.2mm x 3. 9nm-di sposed
every 4mm To the anode elenent, a DC voltage of 12V is applied for 20
m nutes in aqueous solution of 0.3wm % of anpgni um di hydr ogenphosphate at a
tenperature of 70C. Then, an anodized filmis forned on the surface of the
el enent. The anode elenment is imersed in aqueous solution of 20wt % of 10
manganese nitrate at a tenperature of 25C for three seconds, and then, is

taken out. Thenadjlicte@XGRISS aR0HERY |t iQn nganese nitrate attached
to the surface is blown away by g)i(?w%%ﬁgérl@t%g@ﬂ%égnﬁﬁwt ¢is5°. heat ed at
over 250C in one mnute and is pyrolyzed for five mnutes at 300C, so that

a manganese di oxide | ayer may be forned on the surface of 15 the anode
el ement. This afiemplefent is i mersed in aqueous sol ution of 0.3wt % of
al um num di hydr ogenphosphate at a |liquid tenperature of 70C. Then, a DC

vol tage of 10V is appl4 eelid electelytit bapRstdrqs TS .anpde el ement
again. On th man%ﬁnese di_oxi de Iayer&%E ormed on the&a&nrggégggeé?‘@ﬁetﬁﬁipnﬁr
solid el ectrdl yP& 'PaypErmpaed, ercepdrithad tthe s hRineZB of Ghe #ﬁJHéay§ifv0|z’e filmis
further forned Qa el e(ftr | ytic _polynmerization method. e Sol1¢r paste 1s
el ectrol yte | ayaMysted ppfeanitangienbpef tige Aestes]S @hildrofse0f 5wt % of

carbon particles and ammonia and is dried at 150C to

(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 () of the first nozzle unit of 20°

(Comparison 1)

A solid electrolytic capacitor is manufactured in the same manner
15 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 electrol_ytic capaci_tor 1s manufactured in the same manner
20 as the example 1, except that the cathode conductive layer is formed by
adjusting 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



forma carbon layer. On the carbon | ayer, a silver paste with kinematic 25
viscosity adjusted to 6.0 Pass at 25C and 50 rpmis applied,_ Thi % b g
shaped anode el enent is conveyed at a speed of | mmn. Thenz,N eﬁ%’ﬁ i ed
silver paste is adjusted to a desired thickness by the 2 Novenber 2004 18
manuf act uri ng apparatus shown in F'Qg. 13 through Fig- 15 and is heated and
dried, so that a capacitor elenent having a cathode conductive | ayer
thereon is obtained, For adjusting the thickness of the silver paste, the
ai r bl oygrRitafice andf eduiafent SerinPzedistante ((EYRE) ehaaeseibtikhfethand beneat h
positions at 2nmm away fromthe anode elenent.” An air blow direction is

i ncli negblad efectrolftic dapather dabhicgedawhedia ¢otit eapicitdrhelenmsnteldfng direction
of the band-shaped anode el ement as shown in Fig. 16, and the pressure of
t he ai rthigl examplesCatevPamiriiedhdhei maasonngoremspeabturieeramesn?S rfozzIl e uni t
are di sposed above and beneath at positions 3.5mm away from the anode

el enent30%ndlhé capacitdsicevp nagasared es $20HZzoandthe/BHR tomishswredat an excess
silver paste. Then, the blown silver paste is collected with a filter. The
si | ver g@@@zapﬁhceamraﬁummeam g fthemayeragase @fedthaty semples, 15 and a
capacitor elenent is thus fabricated. Then, an anode terminal and a

cat hode!'SSBEFHYRY- are connected to the anode el enent and cathode conductive
| ayer of the capacitor elenent, respectively. Then, the capacitor el enent
is nolded 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). (Exanple 2) A solid el %?\'iJvQﬁlﬁérizﬁodr
capacitor is manufactured in the sanme nanner as the exanple 1, except that
the thickness of the applied silver paste Is 25 adjusted under an air bl ow
pressure at the -first nozzle unit 2¥ 0.05MPa and that at the second
nozzle unit of 0.05MPa. 2 Novenber 2004 19 (Exanple 3) A solid electrolytic
capaci t abi1§2”anUf actured in the same manner as the exanple 1, except that
t he thi cknesS of the applied silver paste is adjusted under an air bl ow
pressure _at the first nozzle unit of 0.10MPa 5 and that at the second
nozzl e (fhEpPacibond3INMa 47 Ekhnpl e 4) A solid electrol ytic capacitor is

manuf actur.ed in the sane manner as the exanple 1, except that the

t hi ckngss—of the apptTed SiA e past ] 0O adjusteg T [T] pressure
at the st nczzlg tHHt ofdE gé,giaﬁglf,:%&% hat at t gﬁseﬁ%l @C(#ozze 5nit of
0. 15MP4,_( Exanpl e_5) AVeaseq| Masmmigny Minggim, | (mQy Md in the
sane naBEamples! as tlhe @npl e 19%xcept 182 the ti cknes#%? thed appli ed
si |l ver |Bastieples?  adj|ustlédt unfer 188 ai ] prds€ure pf Itthe |first7.80zzlle unit of
0. 15MP3Egaehplehgt at] t i&ecpnd 1izzIl ¢ unilt7gpf 0] 1GMPa. 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 2561 - 26 46.8

Comparison 2 230 267 194 21 46.4

As shown 1n from Table 2, in the solid electrolytic capacitor 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 excellent ESR characteristics to the

comparisons.

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 deposit attached to the feeding boss is scraped 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 operation

efficiency improved

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



(Exanple 6) 20 A solid electrolytic capacitor is manufactured in the sane
manner as the exanple 1, except that the thickness of the? MPEMPeRW?| ver
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 manufactured in the sanme manner as the
exanpl e 1, except that the thickness of thé3applied silver paste is 2
Novenber 2004 20 adjusted under an air blow angle (0) of the first nozzle
unit of 5. (Exanple 8) A solid electrolytic capacitor is manufactured in
the sane manner 5 as the exanple 1, except that the thickness of the
applied silvesilpestiasts afelf ugtpdgingndbe €ilveai basrglfer (Bym@he tHe Lhilsdde
nozzle unit of 150. (Exanple 9) A solid electrolytic capaci%or is

manuf act ur ed icondhetieahayaraoihdhe dPaagot kéemratph ehln & eplifdrhatativle

t hi ckness of the_applied silver paste is adjusted under an air blow angle
(0) of the firerdudive Bygnis fameh. Tiomefaei sonlid)eléctsalyiit @ipacitoohyb iac
capacitor is nuf actured in the sane nmanner. 15 as the exanple 1, except
that the silveWpsettact srespbpneri anaeralhibigknespr eaxdiran aaxcelent i vadtumand

second nozgl e, 1Cii‘tﬂsmyof 0. (Conparison 2)



A solid electrolytic capacitor is manufactured in the same PRGARkber 28h4aS
the exanple 1, except that the cathode conductive |ayer is forned by

adj usting the thickness of the silver paste applied on the anode el enent

by scraping off by the spatul a-1iké4scrapers as explained in Fig. 19A and
Fig. 19B. 25 Table 2 shows neasurenents of the thickness of the cathodes of
the capacitor elenents in the ezgﬂgiggi t hrough exanple 9 and conpari sons
i and 2. Table 2 al so shows nea s of initial 2 Novenber 2004 21
capaci tance and equi val ent serial resistance (ESR) characteristics of the

solid el ectrblytiic nmpadactaringahnettridedofvhemaufautnriagpacidodid el ements of
the exanples are | am nated. The neasuring tenperature ranges 25 to 30C.

Th | [ : . ' . t 100kHz.
The moognraobnr SPRRL B5ic 2 o rfRPubeC appHass TRRRKGRE 3,2
Novenb 12k 2 | G 3 F d
P kb LA L AP DEC A WWitonble SpSaHPRCHy, the
11851901 1547.%.Exan1|e 2%?41881 01447.5 . .

polymerization tank, said manufacturing method comprising the

steps of:

forming a dielectric oxide film layer on of an anode element made

of valve metal,;

forming a conductive substance layer on the dielectric oxide

film layer;

forming a solid electrolyte layer on the conductive substance

layer, said forming the solid electrolyte layer including the sub-steps
of:

adhering a conductive tape to the anode element;
conveying the anode element into said polymerization tank;

making a first feeding roller contact the conductive tape;

peeling the conductive tape from the anode element;

making a second feeding roller contact the conductive tape and

penetrate the conductive tape; and

applying voltages to the first and second feeding rollers and the negative

electrode; and

forming a cathode layer on the solid electrolyte layer.



Exanpl e 31861911781647. 0 Exanple 41811871761547.6 Exam | e g%§2%§§%§3%§47.6
Exanpl e 61811861771447. 1 Exanpl e 71881931831547.1 Exanpl e ) i 47. 6
Exanpl e 91901961861747.1 Conpari son 12753202512646. 8 Conpari son
22302671942146.4 As shown in from T Table 2, in the solid electrolytic
capacitor according to the enbodi nent, the cathode of the capacitor
elenment is formed thinly and uniformy. Accordingly, the solid

el ectrolytic capacitor manufactured by |am nating plural capacitor

el ements has a | ow cont act resistggce bet ween el enents and excel |l ent ESR
characteristics to the conparisonS” Thus, according to the manufacturing
nmet hod for manufacturing the solid electrolytic capacitor of the present

i nvention, when Ahﬁlan?ﬁ@ét{lﬁgg{lﬁleé‘ﬂggﬁgf%t ﬁﬁ%ﬁ?@ctﬁﬁn?hﬁ §figpnd feeding roller

poke through the surface o Ive tape, The 1nner texture of the
tape is exposed for the first tinme. Then, a deposit attached to the

f eedi ngeleegslyt aped eirg a mdthfbbufing Agpaanisechidhiw e between the
feeding rolléer and the tape is reduced. erefore, the apparatus has the

mai nt ai nability enhanced, and has a smaller size and |ower cost. The
appar at pelyneerizaticopeiaaki amd ef f negatney eleptroded installed in said

polymerization tank, said manufacturing method comprising the
steps of:

forming a dielectric oxide film layer on an anode element made of

valve metal;

forming a conductive substance layer on the dielectric oxide 20

layer;

forming a solid electrolyte layer on the conductive substance

layer, including the sub-steps of:
adhering a conductive tape to the anode element;
conveying the anode element into said polymerization tank;
making a first feeding roller contact the conductive tape;
peeling the conductive tape from the anode element;

making a second feeding roller contact the conductive tape and

penetrate the conductive tape; and



Mor eover, since the thickness is adjusted by a blow ng air 4 Rolda®eZ2004
Novenmber 2004 23 silver paste after applying the silver paste for form ng
t he cathode conductive |ayer of the capacitor elenent, a thin and uniform
cat hode conductive |ayer is fornedg Therefore, a soli d el ectrol ytic
capacitor has a |ow contact resistance, a snall thickness, and an
excellent volune 5 efficiency. 2 Novenber 2004 24 CLAIMS 1. A

manuf act uri ngy n;snvi A0 oag ﬁm&ifth@tﬂfét%dasééﬂﬂdjf&!cﬁﬁ%%ﬂl)éﬁ Gn@agpRci tor using
a manufacturi apparatus including a polynerizatton tank and a negative
el ect roﬂ@gamfet@kbgddenaﬁdle pol ynmeri zation tank, said manufacturing nethod
conprising the steps of: formng a dielectric oxi de filmlayer on of an
anode el ement nade of valve netal; form ng a conductive substance | ayer on
t he di el ect r farnurgdecatholdenlayerancludingiting sab-stdpisbfel ectrol yte layer on the
conductive substance layer, said formng the solid electrolyte |ayer

i ncl udi ng th@p}ﬂ'}?ﬂigstﬁﬂ& ﬂﬁngaddﬁ%é)ﬂgpﬁst%or}ﬂi’cfﬂeveséﬂ@e to the anode

el ement ;
electrolyte layer;

forming a silver paste film by applying silver paste on

the carbon paste;

adjusting a thickness of the silver paste film by blowing a first gas

to the silver paste film; and

drying the silver paste film.



conveying the anode el enment into said polynerization tank; o B, #hofil r st
feeding roller contact the conductive tape; peeling the conductive tape
fromthe anode el enent; naking a SEgond feeding roller contact the
conductive tape and penetrate the“conductive tape; and applying vol tages
to the first and second feeding rollers and the negative electrode; and
formng a cathode | ayer on the solid electrolyte |ayer. 2 Novenber 2004 25
2. A manufacturing nmethod for manufacturing a solid electrolytic capacitor

usi ng ag many gk rﬁ% b j rﬁ)ﬁ)éc i d i ik and a
negat i v% el ect r%lg%faieﬁlst I%g’? In §;f?’g%%‘3‘?§%u Z ﬁﬁg@h@gﬁl‘t&?%@ﬁg

manuf ac¢dgdcigredmpasiPPri sing the steps of formng a dielectric oxide
filmlayer on an anode el enent made of valve netal; form ng a conductive

substance | ayer on the dielectric oxide 20 layer; formng a solid

el ectrol yt e amysodininghanttofisiuehbdeisg s tdieleetrid aydde lapet wdi ag t he
sub-steps of adhering a conductive tape to the anode el enent; conveying
t he anoatendd elerrentj nt o sai d pol yneri zation tank; making a first feeding
roller contact the conductive tape;

a polymerization unit for forming a solid electrolyte layer on the

dielectric oxide layer, including:

an electrolytic polymerization tank;

a first feeding roller for applying a first voltage to a
conductive tape adhered to the anode element;

a first feeding unit disposed at an upstream portion of a
conveying route of the anode element, said first feeding unit having said

first feeding roller;

means for peeling the conductive tape from the anode
element;

a second feeding roller having a protruding feeding
boss disposed on a circumference of said second feeding roller, said
protruding feeding boss contacting and penetrating the conductive

tape;



peel ing the conductive tape fromthe anode el ement; making ansaemRthdogedi ng
roll er contact the conductive tape and penetrate the conductive tape; and
2 Novenber 2004 26 applying voltages to Ehe first and second feeding
rollers and the negative electrode; and“form ng a cathode |ayer including
t he sub-steps of applying and drying carbon paste on the solid electrolyte
| ayer; formng a silver paste filmby applying silver paste on the carbon
paste; adjusting a thickness of the silver paste filmby blowing a first
gas to the silve fi n I i e i lov ilm 2 Novenber
2004 27 3. A nanu?agﬁﬁﬁﬁ%gﬁ%ggggagag ¥%$&¥§ﬁuf§cfu$?ﬁgﬁ§}§%?id electrolytic
capaci tp@rtidi@ﬁf’fhétme}&ﬁ% 3006 &f e atidde ElemanOgiidisedonad de&diagt ri ¢ oxide
| ayer on an anode el efnent; a polynerization unit for formng a solid
el ect r ohyiteapplydg an sebend dwllts%é rtocthaxicdaduasiee , tapecthrouph: said
el ectrol ytic pol ymeri zation tank;

second feeding roller;

a negative electrode disposed in said electrolytic
polymerization tank; and
power supply units coupled to said first and second feeding
units and said cathode unit, respectively; and
a cathode forming unit for forming a cathode layer on the solid

electrolyte layer.



a first feeding roller for applying a first voltage to a cgopductiyv ape
adhered to the anode element; a first feeding unit disposedfgfwﬁhaﬁgg%ream
portion of a conveying route of the anode elenent, said first feeding unit
having said first feeding roller;2%eans for peeling the conductive tape
fromthe anode el enment; a second feeding roller having a protruding feeding
boss di sposed on a circunference of said second feeding roller, said

protrudi ng feedin 0SS cont acti ng and penettati.n he .conductive tape; 2
Rovenber S0 25 STHEcBIRAIAIAG. ARPRAINS ol IR & SURGTOM dhib por tr on of
t he conveying route t he anede.el engnt,  sai d _seecond. f eedi uni t

nopl v bR 66 ihe seCord! iiiife FHREE hod 8 iriST Riath SEMichsecond
feedin e ' chr i.sposed in said electrolytic
poIyne%#%g%%géﬂyg%ﬁﬁﬁ§%§%§3aé?%§dggﬁ§ﬂﬁhits coupled to said first and
second feeding units and said cathode unit, respectively; and a cathode
formng unit for formng a cathode |ayer on the solid electrolyte layer. 2

Novermber 2004 The manufacturing apparatus of claim 3 or 4, wherein the
second feeding roller further has a through-shaft and ball bearings, and
wherein said second feeding unit applies a second voltage to said
through-shaft.



. . . 2 November 2004
29 4. The manufacturing apparatus of claim3, wherein the circunference of

the second feeding roller has a cur$ﬁd surface of which center portion
projects in a radial direction. 5. e manufacturing apparatus of claim3
or 4, wherein the second feeding roller further has a through-shaft and
bal | bearings, and wherein said second feeding unit applies a second
voltage to said through-shaft. 2 Novenber 2004 30 6. A manufacturing
apparatus for manufacturing a solid electrolytic capacitor, conprising: an

anodi zi ng uni g, for A opdriFadudin Q@}Ha&&ugxifgp %ﬁétﬁg‘a(ﬁg?gg % ied el ement; a

pol yneri zation unit for formng a 1d electr

di el ect r elecoxilvtéc baiy&ﬁtori, B6 siygg: an el ectrolytic polynerization tank; a
first feeding roller for applfying a first voltage to a conductive tape

adhered to t henanodéeziegaminfor forhiingta dRdebthg dxide 18V 6os o Alod® upstream
portion of a conveying route of the anode elenent, said first feeding unit

havi ng selethdritst feeding roller; means for peeling the conductive tape
fromthe anode elenent;. . ] .
a polymerization unit for forming a solid electrolyte layer on the
dielectric oxide layer, including:

an electrolytic polymerization tank;

a first feeding roller for applying a first voltage to a conductive

tape adhered to the anode element;

a first feeding unit disposed at an upstream portion of a conveying
route of the anode element, said first feeding unit having said first

feeding roller;

means for peeling the conductive tape from the anode

element;

a second feeding roller having a protruding feeding boss disposed
on a circumference of said second feeding roller, said protruding feeding

boss contacting and penetrating the conductive tape;



a second feeding roller having a protrudi ng feedi ng boss di spdsethbeiild
circunference of said second feeding roller, said protruding feeding boss
contacting and penetrating the conductive tape; 2 Novenber 2004 31 a second
feeding unit disposed at a downstream portion of the conveying route of

t he anode el enent, said second feeding unit applying a second voltage to

t he conductive tape through said setbnd feeding roller; a negative

el ectrode disposed in said electrolytic polynerization tank; and power
supply units coupled to said first and second feeding units and said

negat i ve scendr fegding vsipelispassdyat eadawastraaoplerticar of the ommveyfing fornming a
cat hode | ayer on the solid electrolyte |ayer, including: a carbon |ayer

f or m ng ranie of dhe apodgialgment, &aiglisc?gondrﬁ@oélq@unﬁ applytigeaswsicpndel ectrol yt e
| ayer; a silver paste applying uynit for formng a silver paste film by

appl yi noiaggde tgﬁgoétdaﬁ Ve éapeiyenghspud seqord feedimgpoller; unit for
adjusting a thickness of the silver paste film by blowng a first gas to

th i te fil d a.dryi it for. ' i te fil
7 A sol | 0 orociesAty CIeaeRee Bistardr dui aridh SetBobiy Lo the

manuf act Upi.n n%%h%c{agf( 1 U 2, or using the apparatus of any one of
cl ai s CPOJBE%.HZ 10 » anl

power supply units coupled to said first and second feeding units

and said negative electrode, respectively; and

a cathode forming unit for forming a cathode layer on the solid

electrolyte layer, including:

a carbon layer forming unit for applying and drying carbon paste

on the solid electrolyte layer;

a silver paste applying unit for forming a silver paste film by

applying silver paste on the carbon layer;

a first nozzle unit for adjusting a thickness of the silver paste film

by blowing a first gas to the silver paste film; and
a drying unit for drying the silver paste film.

7. A solid electrolytic capacitor manufactured according to the
manufacturing method of 1 or 2, or using the apparatus of any one of

claims 3 to 6.

8. The solid electrolytic capacitor of claim 7, wherein the thickness the

silver paste film ranges 10 to 25um.



8. The solid electrolytic capacitor of claim7, wherein tQ%Nt hirr%kg?ce@? t he
'silver paste filmranges 10 to 25 m 2 November 2004 32 M EEFeC ol yti ¢

Capaci tor and Manufacturing Method and Manufacturing Apparatus for

Manuf acturing the Capacitor ABSTRACT OF THE DI SCLOSURE A manufacturing.
apparatus for manufacturing a solid el ggtrolytic capacitor is provided in
whi ch a conductive polyner layer is forned in a polynerization tank on a

conti nuous band- shape8oHdo@Ret@vmEAt CQ hch, ' Ee tric oxide filmand
conductive substance is formed. The rrg%u aﬁ?lurgil %%g%‘é’flﬂg Eﬁ;‘st ofwand

feedi ng units fdanhbetiriggapralrsageor Maﬁlﬁ‘@cﬁﬂ‘?ﬂgtﬁé %’ng%it%)-rhe first
i vol t

feeding unit has a feeding roller for applying ge © the anode

el enent by adher a _conductive tape. The second feeding unit has a
feeding roller m(}fﬂ QFaTHE BISQBDSI/RE f eedi ng bosses. The feeding

bosses poke and tear d%he sufrface of the conductive tape to feed the

vol tage, so that a condity @ét‘ﬁmg/ﬁ%paﬂaayeIfozC@ﬂanulﬂé’ctﬁ%{gEQ élgd‘ig*@ét IS 2
result, the nay) aac(fttour'i gg_ ngit@ od for manufacturing the soF| el e et r%tllglti C
capacitor has &1 ow defectriedriz whighda candecitien peti-rimi Dk nalh Ly ;and

operation ef figheaay,fl G RG1dn a continuous band-shaped anode element on which
5 a dielectric oxide film and cbnductive substance is formed. The
| manufacturing apparatus has two feeding units for feeding a voltage to
. the anode element. The first feeding unit has é feeding roller for
applying a vpltage to the anode element by adhering a conductive tape.
The second feeding unit has a feeding roller having plural protruding
10 feeding bosses. The feeding bosses poke and tear the surface of the
conductive tape to feed the voltage, so that a conductive polymer layer can
be formed stably, As g3 result, the manufacturing method for
manufacturing the solid electrolytic capacitor has a low defective rate and

an enhanced maintainability and operation efficiency.

FIGURE 1



