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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 pol ypyrrol e, g%e g%%%%&?%%eft@%loen, ye@?teﬁiofaﬁ‘ﬁﬁfﬁ]@c%o Hosaragitonusaghode

Ia{yer 44 COWDQﬁi;i‘ﬁranous 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.



| ayer and a silver paste conductor layer is di sposedveonert h%
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ural elenents 48 are am nat ed.

Zggﬂg’de(){ ele' nal 50 are connected to the anode part 46 and cat _hodle zplgr;nddj
of the capacitor elenent 48, respectively. th the anode term in?or
cathode 5 termnal 50 being partially exposed outsi de, the capaci Lo i d
element 48 is covered with-an external resin 51, therebyhcgnp](c)s g
el ectrolytic capacitor. Fig. 18A and Fig. 18B_ show a net o] OF' 18A an
manuf acturing the capag detail. As shown in Fig. ,

anode el ement 10 40 mpééeg%‘?ieé-go\%qé/?gfﬂalﬁggs P?Z((i: ai‘F?‘:i’ fg Fdnﬁl?i@gegggn%&gﬁii)g?
A Ehe pr of cot L REtYE, SHBE ARG Sohit"tY 5T & crlyae sorninalopledr i
Givided nto an amede contectias: drat 4hatd Bintax s ief g anﬁﬁcilzt?b. e
Contacts with the anods fol eackron ifp e anelFlieknBaf ey 48 GerBries
P10 D) POLRIRARSE s o BgchAT QO S B
f aver i O or S overed mothan corad] adses B0 dkereBy | coRRidsi i 2“0 BRcABRs 2
carbon |ayer, i.e., a cathode contact layer and a silver  paste’a
sequential |y fdi3P888R the conductive pol yner |ayer for forning
’ 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 carbon layer, ie., 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



acitor elenment 48. The solid electrolytic capacitor_having such
‘E‘:gﬁffggrat ion has a |ow resistance of the solid el ectrol ytdO4aPET2008,
i.e., alow equivalent serial 25 relsi st anlcet (ESR). | _nt'g?e ]E:gg\éie%l onal

facturing nethod of the solid electrolytic capaci , fo

g}aggtrodes 591 contact with anode foil 2 Nogenber 2004 3 portions 40b of
anode el ements 40 with a conplicated process. Hence, that makes an
ef ficient mass-production of the capacitor difficult. Wen the cathode
| ayer 44 is formed with the carbon |ayer and the silver paste as the
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paste 57 15 depending on the elasticity of the scraping pl'a e5>880F 86D, g
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silver paste 57b accunulating in the scraping area nust en rendved.
And further, 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



as shown in Fig. 19B,. the anode el enent 40 where the silveswpashe: 562
which is not scraped sufficiently, is adhered at a | ower portion causes 20
serious quality and productivity probhens. In the solid electrolytic

capaci tor having the cathode | ayer 447 conposed of such silver paste 57
havi ng the uneven thickness, the contact resistance between the cathode
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of ten poor, e prov y“.se I'nce Tt 1S difficult to form
a thin conductor layer, the cathode layer 44 is likely to be thick.
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vol ume

I ncreases, and thus, the capacity per ecreases. SUWARY OF THE
| NVENTI ON According to a first aspect of the present invention, there is

provided a mAREbRIAZ! tG Thshakpett e girdsent iveitlon] flepetisol ytic
capaci tor using a manufacturing apparatus i ncluding a polynerization tank
and a npgatided aeheaiufadeirings dthed ofhmianafaotlivingrd zalid eledteslivticsai d

manuf acturing net hod conprising the steps of. forming a dielectric oxide

fil m | agapacubor aising @amoaiaufactureng appdeatos maludingea giglymeriziationa
conductive substance_ layer on the dielectric oxide filmlayer; formng a
sol i d etasdt awnd wt megatirer elostrode instadlact in he potymereatiey dankssald f or ni ng
the solid el ectr.ol y'{nefé{qaéer i ncl udi nlgl t he sub-steps of. degeri_ng a
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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



conductive tape; peeling the conductive tape fromthe anode; gl&mRt 3004
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
rollers and the negative el ectrode; and form ng a cathode | ayer on the
solid electrolyte layer. Typically,5 when the conductive tape formng the
solid electrolyte I|ayer contacts with the second feeding roller, the tape
scrapes off a substance adhering to a feeding boss penetrating into the
tape. polymetizajion tartkeandcond fepativeg efectrodppl imstalbed/olihagsaitlo t he
conductive tape without failure, and a uniformsolid electrolyte |ayer is

t hus f opolysnerefdtian etarky Ispid mameifaciuriagymicthqd comprisiag ithe stefpscor ding to a
second aspect .of the present inyention, there is provided a manhufacturing
met hod ®%rfomaing & tigleelgicaoxigle; bl layer onyan anodgplement made@ia
and o eI GeTBaa Sanstiet B ER JRY Gy ek el OHde. sald
i1 m | AP T R & AGABIEH SR AEr g i puRig SURAACHY conduct | ve
St S AR SRS B LB, e cobSi RO AR i, o PO
et | PR RLSE g B0 ok GBSy oy BB BEAE, 270
Contactrisin 1 RUEHBHIPEH1AR e coR LS e pREihg Ot e anode

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;



contact the conductive tape and penetrate the conductive t%?@&wﬂmgaomt
applying voltages to the first and second feeding rollers and the negative
el ectrode; and form ng a cat hode IS er including the sub-steps of applying
and dryi ng carbon paste on the solid electrolyte layer; formng a silver
paste filmby applying silver paste on the carbon paste; adjusting a
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pol ymeri zation unit " for mng a solid efettrolyte [ayer ~on the

di el ectdisposed de al dywhstreadl poithei of ahe AIfleyly kbetepof Y@ hhadei on tank; a

first feeding roller for applying a first voltage to a conductive tape
adher ecelemenite saitb decehé nfeetling friit sipplyieedangecond vdltapgesed the an upstream

portion of a conveying route of the anode elenent, said first feeding unit
havi ng eaidhdtivesttapeedhrapgiol said; secends feedingeeatdlley; t he negativet i ve t ape
fromthe anode el enent; 2 Novenber 2004 5a a second feeding roller having a
pr ot r udélagtrodedi daspnsed disposald orelectrelyticupalymarization agdcond f eedi ng
roller, said profrudl ng feeding bgss, contacting and_ penetrating the
conductPYWeEF §BBPLya usHs snpled 4o ngsid kst a@ﬁs&%@% seedinggypta aedm portion of

t he conveying ropute, of the,anode .elenent, said second feeding unit
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Feedi ng.JiRbu& Tayed HHR doffi 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;



el ectrode disposed in said electrolytic polynerization tank; ngighpe r
supply units coupled to said first and second feeding units an sal
cathode unit, respectively; and a cathode formng unit for formng a
cathode | ayer on the solid electrolyte layer. According to a fourth aspect
of the present invention, there isspprovided a manufacturing apparatus for
manufacturing a solid electrolytic capacitor, conprising: an anodi zi ng
unit for formng a dielectric oxide |layer on an anode el enent; a

pol ymerazdita oathedet fdrafingf aniti figr forswinigdaetathbde! luyer loay ehie golitihe
dielectric oxide layer, including: an electrolytic polynerization tank; a
first feledirofytedalyer, frmludpy:ya mgribon flayst fonhimyenio for epphuagi ve t ape
adhered to the anode elenent; a first feeding unit disposed at an upstream
porti oramd daybugcayhory paste enothe kelidaslsdtrobytentayer; gasidiver pastef eedi ng uni t
having said first feeding roller; neans for peeling .the conductive tape

fr om t ePRifoR uBltdes formang e bid pastelfivg by lapplylngsieETpaste 0nudi ng

f eedi ng boss di sposed on. a circunference of said second feeding roller,
sai d pri&er Gerbog fayd; r?g?-ﬁéisélozé Rt ?% aghest e @t flaf:ﬁﬂasst R nduct i ve

tape; a.second,feedi unj di spgsed at .a downstream portion.of the
Convey WIS of HRE binblawing BHEN g8 5 1S SBHPRTEITNY G & appiying a
second yol.t age.: the. condugtive tapg. through said second feeding roller;
a negat%@@nggvgéﬁpaﬂ%q%gg%%§@ﬁeﬁﬂa%gﬁﬁnﬁlectrolytic pol ymeri zati on tank;
and power supply units coupled to said first and second feeding units and
sai d negative el ectrode, respectively; 2 Novenber 2004 5b



a cathode forming unit for formng a cathode layer on the solid
grgctrolyte | ayer, igcluding: a carbon layer forming unit %UpveapBI3g and
drying carbon paste on the solid electrolyte layer; a silver paste
applying unit for formng a silver paste filmby applying silver paste on
the carbon layer; a first nozzle unit for adjusting a thickness of the
silver paste filmby blowing a first gas to the silver paste film and a
drying unit for drying the silver paste film 2 Novermber 2004 6 BRIEF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a sectional view of an electrolytic

[ [ solid electrolytic capacitor according to
g)c:la?/mrr:e;lr;at Eﬂgoﬁmﬁﬁﬁi}é r é%%mHErﬂ/%AWI&GSS Fig. 2Ais a plan view
of a band-shaped anode..el efrent of the ﬁol id electrolytic capacitor
according to enbodi rreﬁb_t‘lgi. Pfg2 59%1q9naly viese 1 ofo i -&1¢@mplgf:10t ptelmamdnbzssﬂmpd_ rreﬁ?

' [ itor accordin o enbodi
R 5 re o pRR BT o it SlderlutE Gyl pargmerie st wenary 10
according to e | ' |.5,.a,.sectional view of the electrolytic
pol ymer i gat [ onn%)lgﬁﬁglﬁ?%%%% 8?%%8 Pge%f}g(%a?%tgeg-ié{\fl g. ? [ Iséi a sgcit [ ogal Vi ew
of a first dyiven rol g 9£¢0%5 Qv N : : )
perspective view of a f ?r st feggﬁa o fer aéicsbra&)leﬁgantoge eé%BSBF H’éﬁlie gqll1d
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. 7 is a sectional view of the first feeding roller accord Rgvduher 2004
enbodinent 1. Fig. 8 is a sectional view of a first tension roller
according to 20 enbodinent 1. Fig. 9 is a perspective view of a peeling
roller according to enbodinent 1. Fig. 10 is a perspective view of a
second feeding roller according to enbodinment 1. 25 Fig. 11 is a sectional
view of the second feeding roller according to enbodinent 1. Fig. 12Ais a
sect | vamdyifeadinigowiollgrt Bentacks ewiliera co ivsf tape 2 aeopeding 004 7
second f eedi ng iol | er contacts with a conductive tape according to
enbodPWEREIMEN] g, 12B is a sectional view showing that the boss of the
second feeding roller pokes into the conductive tape according to

enbodi ment 1. FFig. 12254 & sectenil it shoring fileat the bdwtoff i spndof the
second feeding roller penetrates the conductive tape according to
enmbodferdmg folldt gpkekdntcthe pandiptniel tape acewrdihgwo ronbeodiesessrriti al portion of
an apparatus for manufacturing a solid electrolytic capacitor according to
exenpl ary enbody . f total | L . .S a sectional

vi ew show ng adfgg?@nlosgé?%&gor{%i%g& S#g%ﬁggbgﬁhﬁg%cg%p%fﬁg us according to

enbodi ment, 2. Fig. .15 is an esls_lential si de view show ng a_second nozzle
uni t sscond 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)



the manufacturing apparatus according to enmbodinent 2. Fi ?ﬁ.NolVG L?srﬁgofl an
showi ng an air blowi ng direction fromthe first nozzle urfit 6 ded
manuf acturing apparatus according to embodinment 2. Fig. 17 is an expl ode
perspective view showing a configuration of a solid electrolytic
Capacitor. Fig. 18Ais a front view of a cagacitor element of a _ f
conventional solid electrolytic capacitor. 'Fig. 18Bis a sectional viewo
an el ectrolytic polynerization apparatus for the conventional solid f

el ectrolytic capacitor. Fig. 19A and Fig. 19B are perspective views o0

[ [ qﬁ 8 ' tional solid
essential portions inuf act uri ng apparatus for the conven
el ectrol ytic capacitor: %‘P‘Iﬁb@\l TS, PREMSRRED evBobineNTd (dfxehel ary
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apparatus. A |ong pgjf yneri zation tgﬁl??%r i S ﬁ!@%cflvm ?%&bo?ﬂfﬁﬁ?{r]z?ipgrﬁe
sol ution 9.5 A partséuldriyveRowild & céﬁ‘»ﬁ?«.ﬂ%tﬁaﬁ 'oTsanta@(%ﬂr8Ir1:tt{c poffmeitadtich
di sposed at the upstream portion and hf_a down stream portio . -
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o1 i i h beyond
10 the polynerization solution 9. At the further upstream portio y

solution 9. A first driven roller 13 and a 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.



the first driven roller 13, a first feeding roller 20 and awroller 21 are
di sposed. At the further downstream portion beyond the fi rstOEERE; 94
roller 14, a peeling roller 24 for peeling a conductive tape 7 from a band-
shaped anode elenent 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 el ectrode 10 is disposed in the po¥ynerization tank 8. In the
el-ectrol ytic polynerization apparatus having such a configuration, the
conductive tape 7 and the band-shaped anode elenent | are individually
conveyed and are held between the first feeding roller 20 20 and the roller

21. This, as shown i & gan@Ahapdd kirdhde2Bembhe 1ICREHWG iHke v a3
adhered to an anode contact portion 5 of the band-sh%pe %Or{%) e‘élvélﬂg%n? 1.
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anode foil portions 6. An insulating tape 4 for isolating the an
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: 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 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



voltage is applied between the conductive tape 7 and negative el ectrode 10
whil e the anode elenent 1 is being conveyed in the polyneﬁ?QﬁFF@W*K@ﬁlution
9. The voltage produces a polynerization reaction starting from|O the
surface of the conductive tape 7 to the anode foil portion 6, and. thus,
forns a conductive polymer |ayer on the anoge foil parts 6. In this

el ectrolytic polynerization apparatus, plural |ong polynerization tanks 8
are arranged in parallel as shown in Fig. 3. The polynerization solution 9
flows into the polynerization tank 8 froma first 15 port 11 at one end of
the tank 8 as ﬁppﬁgg_n Fig. 1, and flows out of the tank 8 froma second
port 12 at the other end of the tank 8. Further, as shown in Fig 4, alid
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Plural first driven rollers 13 are disposed at the upstréam por

pol yneri zati ontheartiles 24 presgechd adlpaeahkondbcabovdbd M thitd
respectively. A single through-shaft 15 penetrat e‘gﬁ% he fi rgta 89?\%2%53?%“ er

13 al ong the cknt &rspoing 2 présses cheanllbd, 20a6sl thé wape Haldd RRALI AG%eL6, are
di sposed between ihe t hrough-shaft 15 and first driven roller 13 as shown 2
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first dri | | 3
!“ rstodriven .rlgiyel(? is t]E)rined 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



as shown in Fig. 6, a first feeding roller 20, which is vo%ﬁaﬂf ap | yi ng
Treans, is disposed. The feeding roller 20 and a feeding rof '8 Mg Aeath 5
the roller 20 press and adhere the conductive tape 7 to the anode el enent

1. Aspring 23 presses the roller 20 to the tape 7, and thus, nmakes a
stable voltage be applied to the, tape 7. Therefore, a conductive polyner

| ayer is forned stably. Fig. 7 is a sect i okAl vi ew show ng the first
feeding roller 20 and 10 roller 21. The roller 20 is provided with a guide
22 for preventing the conductive tape 7 fromlateral deviation. Plural

bal | bearings 33 are disposed between the roller 20 and through-shaft 32,
and a vol t age of 4pplspronyd dending2alles 26y avistiedmain Fhe 100 Ruebraiaktfed@dingThe

f eedi ng rolle% 20 having the through-shaft 32, to which a voltage is

appl i ed, appl Pagsashel ase PopYidgd ani the autaredit@mfeaiher of dhie rbDemear i Mpeout
than a feeding brush, so hat .the roller may apply a stable voltage. The
first tensi on%?%(isﬁl‘éti‘ée @Pea’# @alh‘?léﬁl%‘éfﬁe’atth@ B @tsriﬁrareqhag hofa spmeng @BanFttr eam
portion of polymerizatiopn tanks 8. arranged. in parallel, respectively, as
shown in Fig. kgﬂs OB} %pr&rn@n&é@ﬁ% bpgsesj 3% pekepodgean thhsurtiver al

axi s of eagh LT lon rollers 14 arranged in parallel, as shown in
Fig. 8. Tﬁ% d?f&%%&ééﬁgﬁwelgpgpfﬂ les a tension to the anode elenent 1. At
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conductive tapdler 26 tfforh hkehg CUPhERERGH 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.p’olymer 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



2 Novenber 2004 11 of the second feeding roller 26, as shown- in Fig. 10.
Protruding feeding bosses 31 are provided on the outer ciddUSMEPEILe of

the roller 26. The conductive tape 7 is held between the rollers 26 and 27
by a spring 28. At this nonment, the protruding feeding bosses 31 poke and
fear the surface 5 of the conductive tape 74oMore specifically, as shown
in Fig. 11, a groove 27a forned at the rollér 27 does not prevent the
feedi ng bosses 31 in the second feeding roller 26 from poking. Plural bal
bearings 30 are di sposed between the feeding roller 26 and through-shaft

29, and a vol t agg, ARl nibt._29a is 10 provided at the. through-shaft 29.
The feeding rol %g)rﬁ%avl?i%gg{lh%ﬂ{lﬁ?'ough- shaft 29, to which a voltage is
failure due to wearing out

appl1ed, applies the V%&‘?ﬁgﬂ %% t?‘('ﬁs F%Ph@iﬁner&ppw eshawit &bl Bigvol 2@gethelhe

than a feeding brush, so

second feedi ng pabteidiZé fHaEnd e ter circunference 15 26a of which
center projects in an o%ter f:llér gg%‘é’egleﬁ?fl%ﬁlagq Puettihsondypidve tape?. t Byen
conductive tapeif the harddhy slew areg,d 1 he.center of .the circunference
of the second feeding roller 26, and tr?g)g%ést %& D §FAR 8y Py maisdsareff the

operates with acondictivt epedN a0t b ] or med by
eloect rolytic polymerization 20 i s%dﬁg?%%ﬁﬁtwé‘gégﬁ?%%éﬂlﬁ’ tBﬁéaB’(ﬂﬁffﬂ,qti ve
tape 7. As showt phtamed. 12A, a deposit 34 included in the conductive

pol ymer layer is attached to the second feeding roller 26 and protruding

f eedi ng bosses 31. When poking through the conductive tape 7, as shown in

Fig. 12B, the Stﬁi&ﬁ%m‘%ﬂ t he
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



e 7 rubs off the deposit 34 while the bosses 31 penetrates into the tape
-;gp7. Therefore, as shgmn in Fig. 12C, the bosses 31 deepl3Ny5REe; 3% t he
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 2
November 2004 12 pol ynerization failure. According to this enmbodi nent, as
shown in Fig. 12C, the protruding feedi nglBosses 31 penetrate into the
conductive tape 7. Even if the leading ends of the bosses 31 may stop in
the mdst of the 5 conductive tape 7 and may not penetrate through the
tape, the same effect 1is obtained. (Exanples) On an alum numfoil (100gm

t hi ck) havi ng dispdsedibdreaeh allqualighened @h@g&tﬁﬁ& BRIF ] ApplaR @%Rﬁg@.d,
filmis formed at an anodizing voltage of 35V. Then, slits are forned in
speci fi ed i nt dforadbouitthtyhmsndies frof theeefbiyl infty thutgdlp@etidgtibA thnkagd
thus, a band-shaped anode el ement havi ng capacitor elenentg dlsppsed_at
the sides is dBEaf¥bd2 cordhctive awdymendapet 133601’&&1&]119112&513 anmg@tal;lrmldle ff'oﬂ
tions are separated by an insulating 15 tape attached on bo surfaces
g?rthe anode é%ogﬁﬂﬁﬁpnlﬁ(’i%%ﬁéﬁr@}?ﬁéf thpanodeglamenic el enent are 3nm x 4nm

Then, an apodized filmis formed at . the side of the slit in the anode
el enent. TRen, the a:[f%gmfgbti elﬁ)iﬁ"i“ie%t’f)@ tak; e epndastian dape 18 pacdedoff

her eby, “a. matanZ- SRl IS e Y Eihin lsen iowe heotreondieogivet | ons
as a conducti yg1gHPSIRNGR,dAYRBMent 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



A conductive tape is adhered to the band-shaped anode el enent %hus
prepared, and a conductive polyner layer is formed on the SUPEREE P4 the
anode elenment in the polynerization tank shown in Fig. 1. The

pol ymeri zation solution is an aqueous solution of O0.2nol/liter 25 of
pyrrole and 0.1 nol/liter of alkyl naphthal ene sul fonate. During

el ectrolytic polynerization, the conductivggfape which is a polynerization
el ectrode as a common positive el ectrode and the stainless steel plate 2
Novenber 2004 13 di sposed beneath a liquid |l evel as a negative el ectrode
applies a voltage. For about thirty mnutes fromthe entry into the

pol yneri zati on to the exit, onductive polynmer layer is forned on
the entire anoa%r?tﬂgclt}ve B?)lyfr’te(;rf‘éh%r??b%teﬁn@ﬁ} Pawtadionf polyenemzmdiore! €Nkt . a 5
Leavi ng the pol, i L.on st ank. the.conductive tape is peeled off the
band- shaped anoé{dlgﬁ%(ﬁajl %%éif\t%ngn%l Shgeli BREW ‘enebagn lemmeed eaoihe ¢wiati agode il er .

The anode el engpitid s t E sent _to.the next process where a carbon
| ayer and a sirTFve# pai %ﬁé%&ngggt’f%ﬁﬁgﬁcﬁﬂl elpmeny 15 ebtaised. f inl anpdet s,

and thereby, aledtiede ' s, formed. Being, cut, 10 capacitor
el enents are obt ai ned.aﬁﬁﬂgggﬁ%%?éegégéa}hgﬁgg?ﬁgggnlogﬁﬁo%aé't Roxken angd the t he

anode contdct eahodenceangtt Bereat hoss 6 t tion, respectively. Then,
the capacitor element is cogt ed wi t%ﬁgnﬂg%@y Tﬁlceégll’ nt?le SW%P@OPieénent 18

el ectrol ytic cegeded twithi anodsaiyneskinl andCanBaid S2b: an.al el num foi !
(100t m t hi ck) having both surfaces roughened el ect roc té]‘?h %aﬂalcilt,ora]ﬁ WGli zed
f || mis fornmedkipizgd. andoingomgm 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 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.



vol tage of 35V. Then, slits are fornmed in specified i nterva£§I on bl%ﬁé@fi des
of the foil by cutting the foil, and thus, a band-shaped an® 8V ere t 20
havi ng capacitor el enents disposed at both sides is obtained. Then, the
anode contact portions and anode fiil portions are separated by an

i nsul ating tape attached on both s Pfaces. Di nensions of the capaci tor

el ement are 3mm x 4mm Then, an anodi zed filmis forned at the side of the

slit in the Bitide eetsdinient,liherbarl-slapsbdcanode glemeailis mdd® ®f 25 chem cal
oxi dation polymerization of pyrrole is formed on the surface of the anode

el ement iNFg. ecter 0 t the epent s,
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Novenb ongd | I ] l.¢al oxidation
pol ymﬁ?égﬁéﬂ%%ﬁé”@%idégsr%gr{}q{g{/@tég%?%e g?%?épai nt |layer are forned
on the entire anode foil pQrtions. Then, being cut, a capacitor elenent is
obt ai neExetaplaiy @anbodmendd) cat hode | ead are taken out of the anode
contact portion and the 5 cathode contact portion, respectively. Then, the
capaci tor el ReBétvingsto thealratvinbd, lex@sapx¥mReliment2bfahePresertt! ectrol ytic
capacitor is thus “obtained. Amonium pérsulfate is utilized for the
oxi di zi ng _agent f1 henmj.cal oxidation polynerization. Table 1 shows
initial Hﬂ’ﬁ&&?@t‘& fbf}idf,%c% ¢ capacitance, a leak 10 current (a voltage of
10V is applied for two minutes), and withstanding voltage (a breakdown
vol tage at aFi@ll3ge acperspectove oiew. shewing jn afssentidldpomicecof anyt i ¢
capacitors of the exanple and the _conparison. Table | .

apparatus for 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).



15 Capacitor (6.3W, 150F) Exanple Conparison Capacitancedz&g%ﬁ‘5§g%g8lLeak
current 15 28 Wthstanding voltage (V) 23 20 As resulte T curreht
the solid electrolytic capacitor of the exanple has a sna ﬁa

and high w thstandi ng voltage. The bard-shapedtagggﬁ g!gggntAhgs g vol t age
1 lity of protruding capacitor 20 elenen a : ,
Pguggchrgly aBpIied to the conductive tapeﬁgron1both upstream and down

[ [ ization tank as a
tream portions of the electrolytic polyneriza _ _
;olynerrzation el ectrode. As a result, plural capacitor elenents can be

[ [ [ d with
i cal | y-pol rized nore easily and continuously as conpare
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anode el enent if?rsgargo%z%f unit 36 of the manufacturing apparatus shown in Fig. 13.
The nozzle unit 36 blows air to the silver paste 39 applied on the band-
shaped anode element 35, and forms the silver paste 38 uniformly and

5 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

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 impregnated 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 may be used.

The sblid electrolyte layer of conductive polymer is formed by

20  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.

25 Specific examples will be explained below.

(Example 1)



the alumnumfoil, and may be nmade of tantalum titaniumand others. The
shape and di mensions are not linmited to the exanple. (ExerpM'EPPEMS4i ment
2) Referring to the draw ngs, exenplary enbodi nent 2 of the present
invention will be described. Fig. 13 is a perspective view showi ng an
‘essential portion of an apparatus for manufacturing a solid electrolytic
capacitor according to enbodinent 2. Fig. 1%4 and Fig. 15 are a side
sectional view and an essential side view of the apparatus, respectively.
A band- shaped anode elenent 35 is conveyed at a constant speed in the
direction of an arrow shown in the drawi ng. The anode el enent 35 is forned

has a surface roughoned by erahi ey ‘ahed. “LhacE seRhAd BFCHDUE 1 or m

has a surface roughened by etching. el'e

a dielectric apateedibynion filessSUThaClundRdnt RGN id Gy a
desired shape. The elenent is Separ at eg into gﬁméﬂggggﬁggqgﬁ%a&%g%%

part by an i rputmn agdresésshoddhairtiodnbyhen GathRdePabist o _nggnggﬁd_
dioxide layer and a solid electrolyte |ayer of conductive polyner by a
pol yner i zat i orshapedtarasst elsemn)haar @piaoitoe dlerfremtshigiving GAsHORIVAY R bS
formed on the solid electrolyte |ayer, and a silver paste is applied on
the carbon?l ayePmmx &mmgtispred eennidmds Tarile sendacieneat, & DU fol8lge

nozzl es are di ds trically in pair as if the nozzles hold the
band- shaped &iﬁgﬁﬂ%%&nﬁﬁeﬁs for, &Qy apevdesin beneaush solitticug 8. Fwi% esf 38,
air around the ends of .the first nozz unit 36 and second nozzle unit 37

| e
are sucked by R, §Lslipeenphispbate iadna tampesaiowe)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
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



2 Novenber 2004 16 Fig. 14 is a side sectional view show n ssential
-portion of the first nozzle unit 36 of the nanufacturingzﬂﬁﬁﬁw B % hown
in Fig. 13. The nozzle unit 36 blows air to the silver paste 39 applied on
t he band- shaped anode el enent 35, and forns the silver paste 38 uniformy
and 5 thinly with the air. Fig. 15 is a side view show ng an essenti al
portion of the second nozzle unit 37 of t manuf act uri ng appar at us shown
in Fig. 13. The nozzle unit 37 blows air to the_silver paste 39 applied on
the anode elenment 35 to adjust the thickness of the silver paste 39 and to
bl ow away 10 the silver paste 39 accumul ated at the edge of the anode

el enent 35. [ he VIC nity. the | eadi ng ends of the nozzle
parts 36, 37 | s tngh S%: tudf n%h%%‘g RS ?Wptlé‘oﬁlgS 13513@&@‘?&1?% i podis pastel 39
does not | eak ar a The a de element 35 is

i npr egnat ed w%lgd Eg%ga%gtstghgﬁl %Pt Cﬂ%i%@ﬂﬁ’é@ﬁ‘?"’é’@l fcpbipde) congiyctigeilayer r |

and is pyrol yzg@érédén 308at9d oral a manganese dioxide |ayer. |nstead of
t he manganese di oxi de | ayer, a pre-coat |ayer made of conductive materi al

such as conductive pdloyreljustiyg BRe yﬁﬁgne&hg ﬁ.&! Lig, q,l Cﬁ%‘? q%‘ét"‘} Blﬁ)?%@%ggfts

conductive polymer is fornmed by 20 electr C pon

vol tage appl i exf the fitw mombteusiteandishsen a%e%c?'b@ﬂéaﬁll 8§$@§H% ?It%ﬂ”fnol

pol yneri zation sol ution containing heterocyclic nononer,
or thi ophene. #%anaioesthe anadseleintbret ey Sr\Blbw d1£é@ﬁﬁ' 1%%(:1'&?&’& ngeexi:@J | ent

characteristi cs |hse Oorlg}tlgl ned stably in a relativel
| gonal direction to the conveying dlrectlon 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 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.



short tinme. 25 Specific exanples will be expl ained bel ow 2{) anple 1) 2
Novenber 2004 17 An aluminumfoil has a surface roughened Igg"éf"@ﬁri%ﬁ’a and
expanded by 125 tinmes. The alum numfoil is separated into an anode
portion and a cathode portion by an insulating resist tape. A band- shaped
;anode el enent has capacitor elenents having an effective area of 5 3.2nm x
3.9nm di sposed every 4mm To the anode el eb@nt, a DC voltage of 12V is
applied for 20 mnutes in aqueous solution of 0.3wt% of anmoni um

di hydr ogenphosphate at a tenperature of 70C. Then, an anodized filmis
formed on the surface of the element. The anode elenment is imersed in
aqueous sol ut i(Bragfpl@@M % of 10 nanganese nitrate at a tenperature of 25C
for three seconds, and then, is taken out. Then, the excess agueous

sol ution of manganesa solitiredé@rolgticaabaeitdOistign SRR ISty VY
air. Then, the anode elenent is heated at over 250C i n one ér)nalmﬁ\%te a%‘%yi S

pyrol yzed for akithe enamuplesl,atxceBOEIGt tee thisknessraganapplied QiivEL phakels My
be formed on the surface of 15 the anode el enent. This anode el ement is

i mersed i n agdigited suideri om adf blovewressfre cil il firsth Wodre negepp OSPELE at
a liquid tenperatyre of 70C. Then, @a DC voltage of 10V is applied for ten
m nutes to®an af 13 thp saeondenesrle unilgw HO5MPa.he manganese di oxi de | ayer
formed on the anode 20 elenent, a solid electrolyte | ayer nade of
conductive pol yner of

(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



pol ypyrrole filmis further fornmed by el ectrolytic pol ym&*réO at i gnﬁ hod.
The solid electrolyte layer is inpregnated with pH 10 aque SeSF 6N of
5wt % of carbon particles and ammonia and is dried at 150C to forma carbon
layer. On the carbon |layer, a silver paste with kinematic 25 viscosity
adjusted to 6.0 Pass at 25C and 50 rpmis applied. This band shaped anode
element is conveyed at a speed of Immn. Theyp, the applied silver paste
is adjusted to a desired thickness by the 2. Novenber 2004 18 manufacturing

apparatus shown in Fig. 13 through Fig- 15 and is heated and dried, so
that a capacitor elenent having a cathode conductive |layer thereon is

obt ai ned, For adidjsstedairidee sthiis e.silver paste, the air blow
ports 5 of the first nozzle uni 'tmg‘?%n%lﬁest)dgé)éihﬁt;ﬁ@Ena%eb@m@@ﬁ H°.positions
at 2nm away fromthe anode elenent. An air blow direction is inclined at O

= 10" to the orthogonal direction to the conveying direction of the

band- shaped ané@sawipdnBnt as shown in Fi g. 16, and the pressure of the air
blowis O I1Ma. 10 The air blow ports of the second nozzle unit are

di sposed above and beheealkith ekictmmdptic by for 30 RV : anode el enent,
and air is bl O\é\g tgé@%ﬁpr?sagre of é)l I'MPa. to blow 8%‘{r3§1r%525‘8§§§19smﬁ99¢r

paste. Then,” t mgile e exerpt thait the alhli€aicad opi i I.tar. The silver
paste applied tQi nl }/ (ﬁnd uniformy is heated and gritglg,@ﬂ%dasﬁ&eé p@ﬁﬁ%é?tor
elenent is thus*PEBFSEERAK arpanangle @hofithe fres maflondit & gpt hode term nal

are connected to the anode el enent and cat hode

(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.

2
5 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



conductive |ayer of the capacitor elenment, respectively. Then, the
capacitor elenent is nolded with insulating external resin,_and solid

el ectrolytic capacitor as shown in Fig. 17 is thus manuf act%x%@ m%? 004
(Dinensions: 7.3mmx 4.3mm x 2.8mn). (Exanple 2) A solid electrolytic
capacitor is nmanufactured in the sage manner 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 of 0.05MPa and that at the second

nozzl e ghpiacitahicd 2AaMRuivaleNe Cerhb red90Acs {EORPORAAcRYishics B theel ectrol ytic
capacitor is manufactured in the same manner "as the exanple 1, except that
the thiglibeteariolitic cupatited fablivatedpadtee four adpasitadelenssiis af air bl ow
pressure at the first nozzle unit of 0.10MPa 5 and that at the second
nozzl e thei examplesOaidrdamirztedyp ThedineAssnhpdteshpatnumeytanpesapidot or i s
manufactured in the same manner as the exanple 1, except that the

t hi ckne3@°@f Théeappptdneg 1sinmeasurediat £20KEz, and do¢ SRt medsuredratai r pressure
at the first nozzle unit of 0.10MPa and that at the second nozzle unit of
0. 15MPal 0Qklanpl e s mensyeemgnts etrer dhgt iayceagnsci elor thidy nwatimles.ured in the
same manner .15 as the exanple 1, except that the thickness of the applied
silver ’f?éﬁ?%tw Y. adj usted under an air pressure of the first nozzle unit of
0. 15MPa and



that at the second nozzle unit of 0.10MrPa.
el ectrolytic capacitor is manufactured in the sanme manner @%\I@Qﬁb ppl e
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 (Exanpl2 7) A solid electrolytic capacitor is
manuf actured in the same manner as the exanple 1, except that the

t hi ckneejfab(?é ot he applied silver paste is 2 Novenber 2004 20 adjusted under
an air bl'ow angle (0) of the first nozzle unit of 5. (Exanple 8) A solid

(Exanple 6) 20 A solid

el ectrolytic capacitor is manufactured in the sane manner 5 as the exanple
1, excefitapacitor 68 WM, &kl of the applied silver paste is adjusted under
an air angle (0) of the first nozzle unit of 150. (Exanple 9) A solid
el ectr ghytiT Tapaci tfor 57, factaned LI the san T 10, as_tjhe
exanpl § 11/ excegt t+H 8- the t?bj'ﬂggf%e@lslggj‘:‘lé‘.ue appH t%‘;ﬂ;}%ﬁi I Sfa af)cgtsa?jecq S
adj ust ed—under an ail c g ,mrfMJﬂEnHrﬁ.ﬁc Y2) | i 0.
( ConparlEgample I sollid ®ctfol 9% cdpacil®® i s mdiuf act ur®d2in tlhe same
manner |Exanaslethe exanpl84 1, exdd8 that tI80 silherldpadte i4¥.5ppliled under
an air [Epaesgsler® at [thegdrsf andisecgnd ngzzl e pnities 9f 047 .Gonpari son 2)

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



A solid electrolytic capacitor is manufactured in the same manner 20 as
the exanple 1, except that the cathode conductive | ayer iszrf'?)‘feﬁ’é’ﬂr%%?“

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 neasurenents of the thickness of the cathodes of
the capacitor elenents in the exanple 1 th#dugh exanple 9 and conparisons
i and 2. Table 2 al so shows neasurenents of initial 2 Novenber 2004 21
capaci tance and equi val ent serial resistance (ESR) characteristics of the
solid electrolytic capacitor fabricated where four capacitor el ements of
the exanpl es aileet gstat fler EHpplyigs she nglieanpasit Yo HANIRS B LAthaRC.
The capacitance is neasured at 120Hz, and the ESR is nmeasured at 100kHz.
The neasur eneneordagtave hayeavel ahescaphcithi rlgmseatph edhin 1reb peGfdrelcdthdle
Novenber 2004 22 Table 2 (Capacitor 6.3W, 47 F) Cathode

t hi cknessESRC&PRAGREtarckRyAY 83 Byantdki nUaviefoneu mspHR ele@xalypicaapacitor has a

1185190182154{. 2 Exam | e 21841881801447,5 Exanple 31861911781647.0
ow contact resistance, a small thickness, and an excellent volume

5 efficiency.



Exanpl e 41811871761547.6 Exam | e 51821881761447. 6 Exanpl e 6183436t/ 70kA47. 1
Exanpl e 71881931831547.1 Exanpl e 81841881801547. 6 Exanpl e 91901961861747. 1
Conpari son 12753202512646. 8 Conparison 22302671942146.4 As shown in from
Table 2, in the solid electrolyticzéapacitor according to the enbodi nent,
t he cat hode of the capacitor element is forned thinly and uniformy.
Accordingly, the solid eIectroI%igéLﬁggacitor manuf actured by | am nati ng
plural capacitor elenents has a 1 tact resistance between el enents
and excellent ESR characteristics to the conparisons. Thus, according to
t he manuf act br i nd\ netanudadtaringanmétdnidirofigmahbéctatind el ewlid! ytic

capaci tor of the present I nvention, when the protruding feeding bosses of

th f- t t

(e secomybuatt Ny RIS 0k 4 TOER e bR SRS ok IRt VS o0
d t f d th t act
1P PRTEIND f8, 07 SRR RS ey o Com

apparat u has t tai nability_.enhanced, an has.g snmall er size and

| over cBePm ?ngfauss @ﬁﬂum%ﬂgdﬁe @fic@mgﬁngnﬁﬁ)ved Mor eover ,

since the th| ckness Is adjusted by a blowing air to the 2 Novenber 2004
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.



23 silver paste after applying the silver paste for formn he cat e
conductive |ayer of the capacitor elenent, a thin and uni fgyrﬁ?‘éeg’t%%%@g

conductive layer is forned. Therefore, a solid electrolytic capacitor has a
| ow contact resistance, a snall thickness, and an excellent volume 5
efficiency. 2 Novenber 2004 24 CLAIMS 1. A manufacturing method of

manuf acturing a solid electrolytic capacitor using a manufacturing
apparatus including a polynerization tank and a negative el ectrode
installed in the polynerization tggk, sai d manufacturing nethod conpri sing
the steps of: formng a dielectriCT oxide filmlayer on of an anode el enent
made of valve netal; formng a conductive substance | ayer on the

dielectric oxidea fﬂalnﬁfééﬁiﬁhg W@agf@ e iu?a&hﬁlﬁgrﬁlé’dlﬁi | ayer on the

conductive substance ayer, -sal orm ng the so el ectrolyte | ayer
i ncluding the sub-steps of: adhering a conductive tape to the anode

el ementgleeRBlaI0 Gipdditerarbtea ehanEhtturiiPagsdrdtdon¢iRiihgal i on tank; making
a first feeding roller contact the conducti've tape; peéeling the conductive
tape fromthe anode el enent;

polymerization tank and a negative electrode 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



maki ng a second feeding roller contact the conductive tape aNgveniRPEigaat e
the conductive tape; and applying voltages to the first and second feeding
rollers and the negative electrode; and form ng a cathode | ayer on the
solid electrolyte |ayer. 2 Novenbeps2004 25 2. A manufacturing nethod for
manuf acturing a solid electrolytic Ccapacitor using a manufacturing
apparatus including a polynerization tank and a negative el ectrode
installed i nasgliythe %lltageg 18 athieOffrst e s&irfi f@é&iﬁg%ﬂwgﬂ%@od
conprising thHe “steps of formng a dielectric oxide filmlayer on an anode
el ement ng@ateveotiectratigcam@t al ; form ng a conductive substance layer on the
dielectric oxide 20 layer; formng a solid electrolyte |ayer on the
conductive substance layer, including the sub-steps of adhering a
conducti ve tfpming a tethadedeyerlincknling thoswlesteps dfhe anode el enent into
said polynerization tank; making a first feeding roller contact the

conducti ve t%ﬁgypggggﬁanggﬁpgrQgﬁgggzb%sﬁtqﬁﬁ %ﬁpnkéﬁ& anode el enent ;

maki ng a sec I'ng r con e conductrve tape and penetrate
the conggstrbKeldpg; and 2 November 2004

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.



26 applying voltages to the first and second feeding roll ergngigdiePsos
negative el ectrode; and form ng a cathode |ayer including the sub-steps of
appl yi ng and dryi ng carbon paste 02 the solid electrolyte layer; formng a
silver paste filmby applying silv 7 paste on the carbon paste; adjusting
a thickness of the silver paste filmby blowing a first gas to the silver
paste film and drying the silver paste film 2 Novenber 2004 27 3. A
manuf act uri ng apparatus for manufacturing a solid electrolytic capacitor,

conpri st ng: 2neica] | WA - di el i | | ayer on an
anode e 'errerlft@?na pobgdrri}?% zlég %%tﬁ%ﬁ?ﬁ%%ﬁ%gp%j %ag(g%(ﬁi‘%e@?%l trcol yte | ayer
on the caiRhteel édrbppxime | ayer, including: an electrolytic polynerization
tank; a first feeding roller for applying a first voltage to a conductive
tape adhered to the anode elenent; a first feeding unit disposed at an
upstream porin amodiziag aaitvéy agodiing ofditketrdnaddade! layenton aai d first
feeding unit having said first feeding roller;

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;



means for peeling the conductive tape fromthe anode el emren} jofniecsnd
feeding roller having a protruding feeding boss disposed on a

ci rcunference of said second feeding roéger, said protruding feeding boss
contacting and penetrating the conducti tape; 2 Novenber 2004 28 a
second feeding unit disposed at a downstream portion of the conveying
route of the anode el enent, said second feeding unit applying a second
voltage to the conductive tape through said second feeding roller; a
negative el ectrod LERRP et ajd;tel t4¢C LZati on tank; and
power supply unit§ g%upledﬂfgﬁ§§igﬁgi#ggﬁgﬁﬁwégcghgﬂ?ggﬁ$%gﬁ units and said
cat hodepgftidn ofa@@@ﬁveﬁh% roafdo AtleRdiiteclepidht Nhid Reboh@ Teédihgl Ny a

cat hode | ayer on the soli el ectrolyte layer. 2 Novenber 2004729 4. The
manuf acyniti agplgpparatsesond eokage 3o eecenduttive @pecthrbaphnsaidof the
second feeding roller has a curved surface of whic center portion

pr oj ect sedomdafeedttigatolttirt ecti on. 5. The manufacturing apparatus of claim 3
or 4, wherein the second feeding roller further has a through-shaft and
bal | bearings, and 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.



wherein said second feeding unit applies a second voltage t ng
through-shaft. 2 Novenber 2004 30 6. A manufacturing appar pr 2004
manufacturing a solid electrolytic capacitor, conprising: an anodi zi ng
unit for forming a dielectric oxiddlayer on an anode elenent; a

pol ymeri zation unit for formng a solid electrolyte |layer on the
dielectric oxide |ayer, including an electrolytic polynerization tank; a

fi f eedi || f fi d

her ed to the" onoihecMavaRbcing: dpba %aie Y iR 5 ISR Thelr LpaPteam
on of f eedi

ESL? 'nS:%li?wfé:r%ﬁ?e%ﬁﬂ%ﬁﬁ@oncgfﬁe@angﬂ;@ e 5%%%3‘2?(?] syie ﬂ%OEemii tiSel ram
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said protruding feeding boss contacting and penetrating the conductive
tape; 2 Novenber 2004 31 a second feeding unit disposed at a downstream

portion of thie comHehatfacAitify dbphRituddTidalheI®it, WhkkiAakend f eeding

unit applying a secon
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
voltage to the conductive tape through said second feeding roller; a

negative el ectrode disposed in said ﬁlectrolytic pol yneri zati on tank; and
power supply units coupled to said ?lrst and second feeding units and said
negative el ectrode, respectively; and a cathode formng unit for formng a
cathode | ayer on the solid electrolyte layer, including: a carbon |ayer
formng unit for applying and drying carbon paste on the solid electrolyte
| ayer; a silver paste applying unit for formng a silver paste film by
applying silvgr pase : ; ¥ : [ r
adjusting a tﬁicknzgsn%?“?ﬁ%“@?%@%ﬁ“%@%@% #?Wrﬁﬂﬁ§?ﬁ§ﬁ§§?%g a %ﬁ?ﬁt gas to
t he siIvdmcgﬁﬁy@ctgpmﬁuﬁpgoﬂ¢ﬁﬁmh§g unit for drying the silver paste film
7. A solid electrolytic capacitor manufactured according to the

manuf act ur i ngamenbdizing uhinoerorﬁrinESé dizlédieicanddedhyer 6h sy of
claims 3 to 6. 8 The solid electrolytic capacitor of claim7, wherein the

t hi ckneselenient; si | ver paste filmranges 10 to 25 m 2 Novenmber 2004 32
Solid Electrolytic Capacitor and Manufacturing Method and Manufacturing

Appar at us f or a polymesizationgmih foChpeninga solESeRaEDIER BEr RISGEOSURE A
manuf a‘ctgri ng apparatus for manufacturing a solid electrolytic

ieleciric 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;



capacitor is provided in which a conductive polyner |ayer i s2November 1004a
pol yneri zation tank on a continuous band-shaped anode el enent on which 5 a
dielectric oxide filmand conductive substance is forned. The
manuf acturing apparatus has -two feeding units for feeding a voltage to
t he anode elenent. The first feeding unit has a feeding roller for
applying a voltage to the anode el eéifknt by adhering a conductive tape. The
second feeding unit has a feeding roller having plural protruding 10
feedi ng bosses. The feedi ng bosses poke and tear the surface of the
conduct iavgeaoadefeedirfeunitideposedt atgedownstrisam podtmof theveopatyingr | ayer can
be fornmed stably. As a result, the manufacturing nethod for manufacturing
t he sol itQutg @éttﬁma;aod@ Jeament.t said isgsond| feading vniti applymgasedondn enhanced
mai ntai nahi lit nd operation efficiency, FIGJRE 1

voltage t)(/) tﬁe con%ucgve tape through sa%/d 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; 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.





