;€3eTd6TTxy 1 TITLE OF THE I NVENTION Solid Electrolytic Capacitor and
Manuf act uri and Manufacturing Apparatus for Mnufa ing the
Capaci t or #”Lﬁ'”@@@lﬁﬂ E | NVENTI ON The present invention reﬂ’h’m@wjmmmm lid
el ectrolytic used in various el ectronic appliances,

manuf act uri ng H8#0d and a manuf acturing apparatus for manuf act tisiing t he
capacitor. 1o BACKGROUND OF THE | NVENTI ON Recently, as the digital

appl i ances are advanced, a capacitor having a | ow i npedance even in a high

frequency and an excellent high frequency characteristic is demanded. To
reply the demand, capacitors usi ng conductive polymer having high

conductivity i I gﬁ}ﬂém 15 pol ynerization as solid
el ectrolyte a?gf']gﬂél ng gsi—\llel ope angl\gut in market. Fig. 17-is an expl oded
perspective view sho

Wohg TeBLAN BARL hhe MLASEBLRTAE OMEhGd and

capacitor. A capacito ement ce of "an
anode el ement Nﬂnﬁ?&&u@fr@%ﬁﬁaﬂtﬁ@f&mJxﬁifhémﬁm@ﬂY@CH?BéH't@r is etched to be
roughened. The elenent is anodized to form 20 a dieleciric oxide |ayer 41
on the surface and stanped out into a desired shape. The anode el enent 40
is separated into an anode part 46 and a cathode part 47 with an insul ating
resi st 45. sTheRIERD ORSTHEIINVENIHAON47, a manganese di oxi de | ayer 42 (a
conductive substance) and a solid electrolyte |layer 43 made of conductive
pol ymer such as pol ygbhe presen vyeoitidihradateste, a solicdelegtmolytineamrcitorarsedd. A
cathode | ayer 44 conposed of a carbon layer and a silver paste conductor

| ayer is di sposedasioushelestrovic sippliancegeand3a manufacurkaohethodepadent 48
is used alone, or plural elenments 48 are | am nated. An anode term nal 49
and a cat hode HEmWRRIEE apRATESN ft wanuéaGtHEing-[dwecapacitons and cat hode
part 4'7 of the capacitor el enent 48, respectively. Wth the anode term nal
49 and cathode 5 termnal 50 being partially exposed outside, the capacitor

ol cotrol yt1% BRLKEROAD B Eﬁ*ﬁﬂﬁ%@fﬁﬁs how & method of - 0 ¢ S0
f h
anode ol orent 506486‘%% B HIRORlal ifilen O YoM, B Phnadiey 50

layer and a copgigis X9 ﬁ%}%éﬂbﬁﬁ hfh AWIERCR el 11 pe.
At the projecting pOI‘tIoOI’l theegﬂgrrehﬁlt afgrﬁesﬁgteﬁg’{/gﬁd% Fgc%‘l%rmﬁre%%\;\nth

an el ectri cal | frejistitychathdtedbtic o alentinded. e réplpetherdéimbng, Raphtibors S
divided into an anode contact portion 40a and an anode foil portion 40b.
Then, as 16 shaging conidugtivé §Blymephavinigieghlceatinotieityobsaippt byrdectrolyticage
contacts with the anode foil portion 40b in a polynerization solution 53
and appliets 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 element 48 is formed as
follows. A surface of an anode element 40 made from an aluminum foil, a
valve metal, is etched to be roughened. The element is anodized to form

20 a dielectric oxide layer 41 on the surface and stamped out into a desired
shape. The anode element 40 is separated into an anode 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.



t he vol tage between the portion and a negative el ectrode 65 for performng
el ectrolytic polynerization. Then, a conductive polyner |ayer is forned on
t-he surface of the anode foil portion 40b. 20 Then, a carbon |ayer, i.e., a
_ cathode contact layer and a silver paste are sequentially fornmed on the

.conductive .polymer |ayer for formng the cagacitor el ement 48. The solid

el ectrolytic capacitor having such configur&tion has a | ow resi stance of
the solid electrolyte |ayer 43, i.e., a |ow equivalent serial 25 resistance
(ESR). In the conventional manufacturing nmethod of the solid electrolytic
capacitor) feeding el ectrodes 54 contact with anode foil 3 portions 40b

of anode el ements 40 Tht kapactomdlenrngd8pisamedalohiereplurhbélemuigs 48mre
ef ficient mass-production of the capacitor difficult. Wen the cathode

| ayer 44 is folaminatetlh tAs eapcdentdranianl adfl aie sidathodpattreiaal tHle are
conductor |ayer, the high viscosity of the silver 5 paste nakes the

t hi ckness of t khennhegjed stoublee emogiet part #omandicathede paxppti ohtthencapantas.
It is hence extrenely difficult to forma thin, uniformconductor |ayer. A

met hod to sol velament 48 crespeeivelin ha¥ithedhe kanade tazminalntS godi gathogde and
Fig. 19B, a_ band-shape npde el engnt 40 cpated with a 10, silver paste 57
passes bet méent%qrﬂg%qch%gﬁlartﬁ H@rtﬂgﬁh?@g‘é%i, ouEdey é}?o%@?ﬁ%% eeny 48piseach
ot her. The silver ste.57 applied on. t olird electrolyte layer of. the
Snode el oment | Fovetsd kit S3baTrial catin oLy iRy Sofpostie hrot & slapaly i

pl at es 56a, 56% Igl&uch met hod of adjusting the thickness of the silver
paste 57 15 de 3R%| Fug'on the elasticity of the scraping plates 56a, 56b, it

(S difficult Lo form e yoh! Vel BIFIde/ aPARkfod ‘o MnlhiSAGAAPATL

silver paste 57b accunifffating i n scrapi ng area nust be

And further, agaphowsy bRfdit 48 9B.detdile ABQHSwA! BIFIE. 1B MILARoddBlethéEr
paste 57a, which is not scraped sufficiently, is adhered at a | ower portion
causes 20 30ri a5 nfHid bf ya aalived mostat tfoili havibeotHee @electric 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
16 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 layér, i.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



In the solid electrolytic capacitor having the cathode | ayer 44 conposed of

- such silver paste 57 having the uneven thickness, the contact resistance

bet ween the cathode term nal 50 and cat hode | ayer 44 increases, and the ESR

. Characteristic is often poor, and the product yield 25 is low. Since it is

difficult to forma thin conductor |layer, the cathode layer 44 is likely to
be thick. Accordingly, the volune of the cdpacitor 4 r elenment 48

i ncreases, and thus, the capacity per vol une decreases. SUWARY OF THE

| NVENTI ON A manuf act uri ng net hod and nmanufacturing apparatus for 5

manuf acturing a solid electrolytic capacitor. The capacitor is manufactured

at high produgértiordsy40has @fodX6Rnh&ts £01WivEl£86mpeichfdd HesieshanERnCESR)
characteristic owwng to a thin, uniformconductive | ayer of a cathode

| ayer, and hathat ihakge anafficieht nctsspsodvotivhef thedapadhot deficult, ng et hod
and manufacturing apparatus for manufacturing |10 the capacitor are al so
provi ded. The net hodWbenptliesesthble layapd4as foomadngith theetaboni ayexiagel

| ayer on the surface of an anode el ement nmade of valve netal, formng a
conduct i ve sulls atver pagta asrtheheorshictier llagesr thé drighnyiseosity iofl thleesilved yt e
| ayer made of conductive polymer by el ectrolytic polymerization on the 15
conduct i vé subastenmakesthe thackngssrof bhe dayershaeevemyath gnimmersion dr a

el ectrolyte layey. In the step of farmng the sqQlid. electrolyte layer, a
vol tage is apPPPReAtien ProCeSS: fﬁ?eéﬁ MRENCS| egtre Ya@’efﬁﬁelt\mt‘? Ok cfh iR ve

t ape adhered tOBf[ he anode, el.enent, a cathode disposed in a polynerization
tank) and a sBBHRAED:ORGUGHL 8YPEr  penetrating and contacting with the 20

For porformng. he dh SRR PEEIOH bl BRIeLE HaB M End Sk Kb SoRep e
forn ng the sl rdg e} 6etsal e 10BY S bAAILAGKS] Wbl LG SRE AWk S8 o

roller, the tape Scrapes o a substance athering to eedi ng

penetratifng i Bllfert PAstedE pabSSObEiEHLY eldspR ﬁaﬁﬁfgomta@%an%aﬁ%%ﬁa%&a ies

a voltage to the conductive tape without failure, and a uniform so

el ectrol yte | gppositelyt tieathr oft@ref f MheeRilvir Pastbesl Gajlicd Yinl €¢he solid
pol yneri zati on. w 5 The manufacturing apparatus includes the follow ng

conmponent s: ( electrodyfeplayer of dhesanppleyelegenrt 400 ixecrapedesff ;with)thenleadiwh zi ng
unit for formng a dielectric oxide |ayer on the anode elenent; 5 (c) a

pol yneri zat i oﬁngﬂiof thescfaping pdates$ida, 86bl ectrol yte | ayer nmade of
conductive polyner by electrolytic polynerizatigon on the dielectric oxide

layer; and O (d) a cht Fuele metbednf adivetingrthedivickness ofathrosidverapesteiie of
carbon an?S i ld\égén&)ﬁl? on %‘e cta a%ti%ﬁ;lyio(ii t le%%%'ar\&ln)étpeiail;easygéd, 56b, it is difficult to
form the uniform, thin silver paste 57. And the scraped silver paste 57b
accumulating in the scraping area must be often removed. And further,
as shown in Fig. 19B,.the anode element 40 where the silver paste 57a,
which is not scraped sufficiently, i.s adhered at a lower portion 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  is low.
Since it is difficult to form a thin conductor layer, the cathode

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



10 The pol ynerization unit includes follow ng conponents: (c-1) A first
feeding roller for applying a voltage to a band-shaped conductive tape
adhered to the anode elenent; (c-2) A first feeding unit being di sposed at
t he upstream portion of the route where the anode elenment is supplied and
having the first feeding 15 roller; (c-3) second feeding roller for
applying a voltage, through plural feeding bossgs disposed around the
roller, to the conductive tape, which fornms the conductive polymer |ayer,
peel ed fromthe anode el enent; (c-4) A second feeding unit being disposed
at the downstream portion of 20 the route and having the second feeding
roller; (c-5) demeghtdBviacedases,rautbtliis pbs edpacity ber eblkone dbgenses.

pol ymeri zation tank; and (c-6) a power supply to which the first and second
feeding units and the negative el ectrode are connected. 25 The feedi ng boss
of the second feeding roller penetrates into and contacts with the inside
of the conductPUMMAdeY QF &8s INKIENTIGN H 6 BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a sectional vjew of a%telectroly i c polynerization

apparatus for a solid Mtpring gt gnd cranyiaduringe apppratys for
band Shaped anBRSTBHERE of (3000 oFIRQRIHE s GROAHOTS 2hak R o CERECUPRI g t o
of the sl i d” emannFEtyed RO BE aoPeuthTin heb S SARENPRE RACIIRRE sSxRTC
Prbod ment 1. iRty BSRY chBlddiofisfR MIRE' B VA, WA MO BEERGHITBLS |
tank accordi ngof g Qg %éﬁﬁ&%ba I(iﬁglllqaslsai §%§e§?§§£@9ﬂcevbsw Wluhel [ ARH a

driven roller according to ent t 1. I's a perspective view of
a first feedi nganRifh@hurafe Alethé® aha Qﬁ’ﬂﬁdfd&ﬁiin&-aﬂ?aﬂatis’fo@ ﬁa%@ﬁbtl%ﬁé
[ ig

view of the first feeding roller according to enbodi nent 1. _ . 8is a
sectional 10 ewtlod capdcitostarteiiso providéd.er according to 20 enbodi nent 1.

The method comprises the steps of forming a dielectric oxide
layer on the surface of an anode element made of valve metal, forming a
conductive substance layer on the oxide layer, forming a solid electrolyte
layer made of conductive polymer by electrolytic polymerization on the

15 conductive substance layer, and forming a cathode layer on the solid
electrolyte layer. In the step of forming the solid electrolyte layer, a
voltage is applied to a first feeding roller contacting with a conductive tape
adhered to the anode element, a cathode \disposed in a polymerization
tank, and a second feeding roller penetrating and contacting with the

20 inside of the peeled conductive tape forming the solid electrolyte layer for
performing the electrolytic polymerization.

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

26 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.



Fig. 9 is a perspective view of a peeling roller according to enbodi nent 1.

"WFig. 10 is a perspective view of a second feeding roller according to
enbodiment 1. 25 Fig. 11 is a sectional view of the second feeding roller

. according to enbodinent 1. Fig. 12A is a sectional view showing the state
~\here a boss of the 7 second feeding roller contacts with a conductive
tape according to enbodinent 1. Fig. 12B is a sectional view show ng that
the boss of the second feeding roller poke$ into the conductive tape
according to enbodinent 1. 5 Fig. 12C is a sectional view showing that the
boss of the second feeding roller penetrates the conductive tape according
to enbodinment 1. Fig. 13 is a perspective view show ng an essential portion

of an apparatus for TREWHREGFACENENE apPhtabuliBehidRkhe SRR dRpAeEdi ng
to exenplary enbodinent 2 of the present invention. 10 Fig. 14 is a

sectional view @eveuigplerffor %ﬁpfj@lﬁé@nu;{ﬂddecﬁleﬁﬁ(ﬁtﬁanuf acturing apparatus
according to enbodinent 2. Fig. 15 1s an essential side view show ng a
second nozzl e u)tarhnblzingruiiadiuforagngppdidecsiaogidediapgr ba thabotsdent
2. Fig. 16 is a plan showng an air blowing direction fromthe first 15
nozzl e unit ofldahentranuf act uri ng apparatus according to enbodi nent 2. Fig.
17 is an expl oded perspective view show ng a configuration of a solid

el ectrol ytfc cafdd polym@igatiagamit fer foronngva enlidfelactralydeilayer miaglesoft of
a conventional solid electrolytic capacitor. 20 Fig. 18B is_a sectional
view of an el €epdBelYe pobanerby;olaetrokyticpprlymerizatinm ppdhediglactiiewxidesol i d
electrolytic tcla‘ga(;it r. Fig. 19A and Fig. 19B are perspective views of
eﬁ(sjnti al por t'}¥Hs manuf act uri ng apparatus for the conventional solid
e

(Exonpl ar y enbobDrbithode Ptk 1 B & a1y oF iy Phrgrbon
nbodi 1 qf [ J ' i bed below. Fig. 1
Cectional vi ew s} v gRF b PEIRHIM O BRI Ta alectrol yiic

urirng appara

capaci tor 1hn eNaIPbRYersRAH TRR inthRies!BRoRNES 6RhpbR¥EAL | ON,
(c-1) A first feeding roller for applying a voltage to a band-shaped
conductive tape adhered to the anode element;
(c-2) A first feeding unit being disposed at the upstream portion of the
route where the anode element is supplied and having the first feeding
15 roller;

(c-3) A second feeding roller for applying a voltage, through plural

N
~

feeding bosses disposed around the roller, to the conductive tape, which
forms the conductive polymer layer, peeled from the anode element;
(c-4) A second feeding unit being disposed at the downstream portion of
20 the route and having the second feeding roller;
(c-5) a negative electrode disposed in the electrolytic polymerization
tank; and
(c-6) a power supply to which the first and second feeding units and the
negative electrode are connected.
25  The feeding boss of the second feeding roller penetrates into and contacts

with the inside of the conductive tape to feed a voltage.



5 particularly showing a configuration of an electrolytic polynerization
,apparatus. A long polynerization tank 8 is filled with polynerization
solution 9. Afirst driven roper 13 and a first tension roller 14 axe
_ disposed at the upstream portion and the down stream portion of the

Hol yneri zation tank 8,respectively, and the rollers are partly imrersed in
10 the pol ynmerization solution 9. At the fur@her upstream portion beyond
the first driven roller 13, a first feeding roller 20 and a roller 21 are
di sposed. At the further downstream portion beyond the first tension roller
"14, a peeling roller 24 for peeling a conductive tape 7 from a bandshaped

anode el enent ]BléfEf"iEE mprﬁbmﬁa rom Wig&ream portion, 15 a roller

25, a second feeding ro 26, a 27 are disposed. A negative

el ectrode 10 is di spoggg i1 ikhg QéﬂtYdH%ﬂ' bW O D kel8etrd R tichPoBRELiRliyh 1 C
pol ynmeri zati on apparatus having such a -) configuration, "the conductive

tape 7 and the Qandashapes en@dﬁdelemmlyﬂ;ca&@padiwrwa@u@ldhﬂ CRYVeeekhlan
are held between the first feeding roller 20 20 and the roller 21. Thus) as

shown in Fig. ZAnbodinkest 13Bthe peesatducentient ape 7 is adhered to an anode
contact portion 5 of the band-shaped anode elenent 1. A capacitor elenent 3
i s conposedb5of the andtig. 24n¢ aplapweidw ofis Harahshapedanoatie dleimenpof thesslid.
An insul ating tape 4 for isolating the anode 25 contact portion 5 and anode
foil portion 6 ¢lsctaghdiceehpasiton@ceensdeng telepdodineded. of both surfaces of
the anode elenent. Slits 2_separate the anode fojl portio

band- shaped anode el eS8t 2B ¥ seghional WewRicthe kap ﬁbape@mde@lweph@f

e contact parts .5 is co ed by the fifyst dri rol | 13 and first
tmi on roller sehf ?@C?I}#@F ePra Otrr?é"’?%{%}%? iefé%qr‘}bwe%eiutl on 9 Af ter
| eavi ng the pol ynerizati og.tank 8 the anode, el ene the ive
(ape 7 pocled o { by | “Bas i epertils Mol Siin TRttt 08 et RERBOR IRk,
25, second i’(Pl t ﬁ%dﬁ r&hb %1 gnd roller 27. A voltage is applied
Y

bet ween t he con negative el ectrode 10 while the anode
element 1 is bei ”9 Cor!F'ngqus' é‘s&&%x@ﬂ' ViER! b2 Bhé %Ibc%ﬂhﬁ% it %lﬁneﬂ?&tlyﬂ'thﬁﬂe

produces a pol ynerization reaction starting froml surface of
conductive tapeadedr@iddd @npedirh@nt 1portion 6, and thus,
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

N
S’ I

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



forms a conductive polymer |ayer on the anode foil parts 6. In this
"electrolytic 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 shown in Fig. 1, and flows out of the tank 8 froma second
port 12 at the other end of the tank 87 Further, as shown in Fig. 4, alid
18 is put on the upper opening of each long tank 8, t_and the | ower
portion of a spacer 19 provided at the lower side of the lid 8 is inmersed
into the polynerization solution 9. 20 The negative electrode 10 is

provi ded above the | ower end of the spacer 19, and the band-shaped anode
el enent 1secomdhi fdedihg colietuctdntectspeith is culiduetiveatges dmoeding t toe
spacer 19. P aI first driven rollers 13 axe disposed at the upstream
portion o?nl I})hiarlzation tank 8 arranged in parallel as shown in Fig.

3 25 respect Mgl Morh st e biaRUP bAbid? BERCHAGRS i the icolid ver

roller 13 along®thé center axis of ero and plura eari ngs
16 are di $qrating rotienpokeshatd Inhetmg)lmdsimfvte tHpeaaccdrding tdreambodimehen. 13 as

shown a 10 in Fi 5. At the rther upstrean1port| n nd the fi
driverBrol | er Fig; 125 éﬁmepﬁom% vigw ghewing thaddihy %05 of the s i s
voltage a di ng
ol o 21 ek bBFoMER Rne iy FoR %%S}déi%%%%%dﬁ%?%’% c?ﬂaﬁéﬁf@eﬁfgm 7 to

t he anode el erRigt 1B id\ s pempe2Bveprdsseshbhdengobheessthtial pbetibapef an and
t hus, makes a stable volta be, a pllegﬂto the, tape 7. . Thereforg, a

conduct i v@PPArgtHs %mn}l a9 yelepwlym.%a%%%t peFRIdIpE et
showi ng t@ﬁeﬁiﬂlﬁgy Eﬁ%égﬂ}é{’di% thd ;ﬁ%geﬁglﬂx%ﬂt%n.ﬂ The roller 20 is

pr ovi ded W t prevent
Fig. 14 is a sectional view show1ng a first nozzle unit of the

manufacturing apparatus according to embodiment 2.

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

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

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

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

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

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

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

25
DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Exemplary embodiment 1)



conductive tape 7 fromlateral deviation. Plural ball bearings 33 are
- .di sposed between the roller 20 and through-shaft 32, and a vol tage applying
unit 32a is provided at the through-shaft 32. The feeding roller 20 having
. the through-shaft 32, to which a voltage is applied, applies the 15 voltage
Mth a smaller failure due to wearing out than a feeding brush, so that the
roller may apply a stable voltage. The firs? tension rollers 14 are
di sposed at the other ends of the downstream portion of polynerization
tanks 8 arranged in parallel, respectively, as shown in Fig. 3. Asingle
driving shaft 17 is fitted along 20 the central axis of each of first

tension rollers 14 arRefepdtgi to phealtakingds ahavslary Enbodimernthd @fi Yhed
shaft 17 applies a tension to the anode el enent 1. At the downstream
portion beyondptdsent amsindion will be dederilead bélown in Fig. 9, a peeling roller
24 fox peeling the conductive tape 7 fromthe 25 anode elenent 1, and a
roller 25 are di sposdiig. Atis asectiomalnagewddvan stamdacturing apparmtes fomalséleddi ng
roller 26 is disposed. Aroller 27 pinches the conductive tape 7 with the
ci rcunf erence elegtrolytiatapacitos an enemplaryi ergbediment beof thesprisenhinvention, 10.
Protrudi ng feedi ng hosses 31 axe proyvided, on the outer circunference of the
rol ler 26. SThePedatlariyyehewie 2 canhigniatinn wleant electrolytiy pobmnemgatignpy a

spring 28. At this nonent, _ the ot rudi ng feedi ng ses .31 poke and tear
the surface 5 BPP%IF?@“EOnéulf{qgleg{yé‘b'é’lﬁqtl%ﬁ%ngrfgé$ e wﬁl ReTRROUAAtONF

o253 %52 CHIBHIES L0 b0 RS gL 0 e
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feedi ng brugh, tl® poliahetingtioR|oBitiGR. apg ilgs f@tﬁ&ﬁ@g@tﬁéﬁkﬂ ?Bﬁbioﬂ_ hrysggond
feeding roller 26 has a curved outer circunference 15 26a of which center

proj ects in anthwtfast drivanrirellentlBala dirste€ddding rbller eZ®@and &hwlleen2ilcireve
tape 7 is hardly deviated fromthe center of the circunference of the
second f eedi ngdispobed. 2@t thedfudther dbvmstream 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,
156  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 shown 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.



manuf act uri ng apparatus operates with a high rate. A conductive pol yner

_layer fornmed by electrolytic polynerization 20 is adhered on the surface of
the conductive tape 7. As shown in Fig. 12A a deposit 34 included in the

. conductive polyner layer is attached to the second feeding roller 26 and

Hprotrudlng feedi ng bosses 31. Wen poking through the conductive tape 7, as
shown in Fig. 12B, the surface of the tapeg7 rubs off the deposit 34 mhlle
t he 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

h d i d f I
e conduct [ ve, 120 2SI SE50 R bl VA A bt Sipne i g
b 31 t th d t ft | eadi nd f
e s LN A D el B PR
trate th h d Ex
i ! B g ARk
el ect rocher C%bmoragor%gme%g o ReFBgh BRI R Age YAk inage 1of

35V Then, slits are in spec I nterval s at es o e foil

by cuttinggtheysotthe BRBuEtIVS tape bﬁ%‘e?é'&i%ﬁdb nﬂﬂﬁ p%leﬁHEnfolfé@VﬁM‘gaﬁﬁpbe' tor
el enents di sposed at the sides Is obtained. Then) anode contact portions

and anode foi lcopo&tddoBs the @oHepasatedndyvolihgerfed abilew285ahaRrellas bached on
both surfaces of the anode el enent. Di nensions of the capacitor elenent are
3mm x 4mm  Themnltage ianpglizdbetween ithe tomdwdivettaphd sndlaeghtivdelestiodei 10 t he
a{rade el enent. Then, the anode foil portions to t-- which a manganese

ate aqueowshﬂalth'el omodeeeleppirited & depyg alopweyed dn the epolymertmtam

300C, and thereby, manganese di oxide |layer is formed 20 on the anode foil
portions as a &Qé‘mﬁmﬁv W@P%ﬁ:ﬁrq %amlﬁsm@%ﬁmnéeam partigigelrem t o
t he band-shaped ano us. prepar and a,c ucti ve pol | ayer
is formed on t %UJ ‘?C&c %@%H&é@ﬁ Fihths ﬁn?%?%gPWFéW Saandribusink
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pol ymeri zati on
polymerization tanks 8 are arranged in parallel as shown in Fig. 3. The

polymerization solution 9 flows into the polymerization tank 8 from a first
15 port 11 at one end of the tank 8 as shown in Fig. 1, and flows out of the

tank 8 from a second port 12 at the other end of the tank 8. Further, as

o
.
|

) shown in Fig. 4, a lid 18 1s put on the upper opening of each long tank 8,
and the lower portion of a spacer 19 provided at the lower 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



el ectrode as a common positive electrode and the stainless steel plate 13
-_disposed beneath a liquid |l evel as a negative el ectrode applies a voltage.

For about thirty mnutes fromthe entry into the polynerization tank to the

exit, a conductive polyner layer is fornmed on the entire anode foi
«portions on both surfaces of the anode elepent. 5 Leaving the

pol yneri zati on tank, the conductive tape iS"peeled off the band-shaped

anode el ement and is taken through the second feeding roller. The anode

el ement is taken out and sent to the next process where a carbon | ayer and
"a silver paint layer are formed on the entire anode foil parts, and

t hereby, a catihddeg &ontact portion is fornmed. Being cut, |0 capacitor

el ements are obtained. An anode |ead and cathode | ead are taken out of the

anode contact porti ofitdhe further amisbreant partaer bppend the firslsgeiven vellgr 13hen,

the capacitor elenent is_coated with an epoxgﬁresin and a solid

el ectrolytic @&p%@W’ér“‘i Kig . o2 fugt feelingoral i%Q)n)Vh@h ét‘?nValtﬂEP ranalysig
anodi ped 11 MIGHEDINGIPRISSAn ‘Wb dPSANG TolFY dhengra Sk BRI} béhadih
f d i pfi ' I th sid f.the foil tti t h
ol and Phudhedolahavarmsneandmstiers HBnenmastivimsy. toflie Abore bRt o
di d at both gi ' [ h h t ti d
o shosed Dok Ryl 220Bh 860 Tho TR0 A0 RESE' AR sBRELTS0

f . Di j [ t
anod: zed 111 meraPRoRIRlp D6 KBRS obetaRE| UGRCREE A Alhord e polBler,
gga)nducti ve AaL ¥R folide® sthbBS cheni cal oxidation pol ynerization of

ole is formed on the surface of the anode elenent. As shown in Fig. 13,

the el ectrodes contadligt Néds @l sureiohal views howine ke fﬁ'ﬁﬂf@d@ﬁ% relly¥ 20 and
pol yneri zation is perfornmed on the 14 conductive polyner filmof chem cal

oxi dat i on 100! yrotleir Z2k.i dhhe Toler, 20 isgprboidddawith anguides22 ¥@r ppaientingayles ar e
formed on the entire anode foil portions. Then, being cut, a capacitor

el ement is obteindagtivartapeodefromadatenal daviadiva. | dluralr ballabearings 38f arde
anode cont act dgorti on_and the 5 cat hode contact portion, respectively.

Then, the capadispesedebetwpen jthec sablery 20 emdathegnghyshalsi 32, and a veltage

oLty CRELLt eyl SO B Et AU B4 LS oyt bhee
shows initial f(g' %raz\if%ge{liles lilr%%g?ltsﬁiafg %B?&I) %ﬁ{{&? a v%li!aeg%kls 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 voltage.
a 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



10 current (a voltage of 10V is applied for two mnutes), and w thstandi ng
".voltage (a breakdown voltage at a voltage el evation of 0.2V/sec.) of solid
el ectrolytic capacitors of the exanple and the conparison. Table 1 ~~ 15

. Capacitor (6.3W, 150~uF) Capacitance FLeak current Wt hstandi ng vol tage
+(~Exam | e1521523 Com ari son 148 28_ 20 As resulted fromTable I:, the solid
el ectrolytic capacitor of the exanple has1a small |eak current and high
wi t hst andi ng vol tage. The band-shaped anode el ement has a plurality of
protrudi ng capacitor 20 el enents at both sides. And, a voltage is securely
"applied to the conductive tape from both upstream and down stream portions
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may be made of, @Rk ti 5 j I i 0 are
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drawi ngs, exethikahymeRbotHaBritrddiafy feBdinlf oSt JINYEIY had teht lthB®urface
described. Fig. 13 is a perspective view show ng an essential portion of an

appar at us g or ofrehiéantustivegapesiol i d el ectrol ytic capacitor according to 10
enbodi ment 2. Fig. 14 and Fig. 15 are a side sectional view and an
essential side vi ewMbrd¢ bpeafipaliptassshoves petig. vl v grdoba2dadhrmed atrthde

el ement 35 is conveyed at a constant speed in the direction of an arrow
shown in the thliani B§.doRseneinprevesitethen feeging dhosees8d s thelseomsd foeding

b -shaped 15 alum num foil supplied froma_ feeder (not shown) has a

strf ace roughtaitar 29 feams moking ThRlral halldhearings 8Q azp sispasgdihetiveem the
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carbon layer. gailure 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

7~~~
\i/

manufacturing apparatus operates with a high rate.
A conductive polymer layer formed by electrolytic polymerization
20 is adhered on the surface of the conductive tape 7. As shown in Fig. 124,
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



In a first nozzle unit 36 and second nozzle unit 37, nozzles are di sposed
symmetrically in pair as if the nozzles hold the band-shaped anode 25

el enent 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). i@ Fig. 14 is a side sectional

vi ew show ng an essential portion of the firsSt nozzle unit 36 of the
manuf act uri ng apparatus shown in Fig. 13. The nozzle unit 36 blows air to
the silver paste 39 applied on the band shaped anode el enent 35, and forns
- the silver paste 38 uniformly and 5 thinly with the air. Fig. 15 is a side
vi ew showi ng arpodymenizationfarluren of the second nozzle unit 37 of the

manuf acturi ng apparatus shown in Fig. 13. The nozzle unit 37 blows air to
the silver paste 39 apgrombingnte hthianedmdodireeht a5 showadjinsFighd2Chi thaess
of the silver paste 39 and_to blow away 10 the silver paste 39 accunul at ed

at the edge of RIREruhpgdeedimghnsses 31 manehrate infothe eonduativieniapg bf Even

| eadi ng ends of.,the nozzle parts 36, 37 is sucked through the filter 38,
scattering sil rnﬁag?% wg g8ds ‘?étthFe}é‘P(ssP% hamayit %inBenbft&l%@“lQﬁbé}fattbg.
The anode el ement 35.iS.i egnated w.th nganese sulfate 15 aqueou
solution, i¢ drqOé‘&WCHVsit?ggQr?glqa?aemO&RH%gwgﬁ tgfﬁﬂlg ef%’r% gh?rgﬁ’é‘&rf’zgeé‘t
di oxi de | ayer. ils%ﬂg‘%t%d()f t he manganese-di oxi de | ayer, a pre-coat |ayer
made of conductTVve naterial such as conductive pol ymer may be used. The
solid electrolyte layer of conductive polymer is fornmed by 20 electrolytic
pol yneri zation by a voltage applied to the anode el enent from an external

el-ectrode in a @l kkyation sol ution containing heterocyclic mononer,
S as pyrrole or thiophene. As a result, a solid electrolytic capacitor

having excel | ent char a9 eahs tlémihGmO bl r(wb;hhalzhycld()nhavﬁﬁg Aathelsarsdtes!
time. 25 Specific exanples will be expl ai ned bel ow. (Exanple 1) 17
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
25 of pyrrole and 0.1mol/liter of alkyl naphthalene sulfonate. During

electrolytic polymerization, the coanductive tape which is a polymerization

electrode as a common positive electrode and the stainless steel plate



An alum num foil has a surface roughened by etching and expanded by 125
-_times. The alumnumfoil is separated into an anode portion and a cat hode
portion by an insulating resist tape. A bandshaped anode el enent has
capacitor elenents having an effective area of 5 3.2mm x 3. 9nm di sposed
-every 4.mm To the anode el enment, a DC voltage of 12V is applied for 20

m nutes i n aqueous sol ution of 0.3wt % of apgoni um di hydrogenphosphate at a
tenperature of 70C. Then, an-anodized filmis formed on the surface of the
el ement. The anode elenent is imersed in aqueous solution of 20wm/ of 10
manganese nitrate at a tenperature of 25C for three seconds, and then, is
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vol tage of 10¥okfioARBhiReh sQkfic88 ofthE RS dE léaRast. Ze the anode el ement
again. On the manganese di oxide | ayer forned on the anode 20 el enent, a

solid el ecgrol yte | ayeaviipdtheqfolg@edizationaant! theedonduchiob tays _isﬁ;bé%l&il bff i s
further formed by electrolytic polynerization nethod. The solid electrolyte

| ayer is inprebodiead-shdgedihndd: ahppeontsandlisitaloen chrduphtlef sephdoeeding
particles and ammonia and is dried at 150C to for ma carbon |ayer. On the
carbon | ayer, rallsi.| VEhe pnedeclomdntkisrteken out 26deest tstlienextjpretess whetk 0

P?(sn)/at 25C and 50 rpmis applied. This band shaped anode el enment is
conveyed at a spadbendpyanpnilm silvearpainhtaxeypiredarmed wor theesntireg aneds fodl ed

to a desired thicknes y the 18 nuf act uri ng .apparatus shown, in Fig. 13
t hrough Fig. Ml‘éﬁda{lg ﬁé‘dﬁgﬂ anﬁat@l{gﬁéd?o@éq Mtlanc’eﬁpg‘b’ir@?}i ePemmtcWavi ng
a cat hode conductiyve |layer thereon is qbtajned. .Fqr adjusti t he t.hi ckness
ot “the si ler paeriior efimapls Breabiered- s A5 spnde iad dnb saflibdg fradipte

di sposed abov n n h Lyt i t_2nm a romihe anode el epent. An
air bl ow di re? i 8% (ﬁi;t &ﬁ@?"f %gl%détc(ag%%&ﬂ&t%mt %@X&L’F h"S‘é%%‘% c%l?tfaggtpl%ﬁ%flb t he
conveying dir i o0 t - S i 1.0 16,
and the or ossarebatifily' TP eRanRR IIARC Gl BB ASRAME obo bikipi
second nozzl e gy h BLiA MAPATER cABAVRoPRRLHISARAL N at positions 3.5mm away
fromthe anode elenent, and air is blown at a pressure of 0.1 MPa to bl ow
out an excess silver paste. Then, the blown silver paste is collected with
afilter. The silver paste applied thinly and uniformy is heated and
dried, 15 Bnd @onapsadsd)r el enent is thus fabricated. Then, an anode
termnal and a cathode termnal are connected to the anode el enent and

cat hode conductive | &meranf alwsinamwadoilo(1@0wme thick) ebpeing \hoith. sunfages t he

capacitor elenent is nolded with ipsulating external resin, and a solid
el gé%r ol ytic cegvedensd electzpchomicallyi an appdized; fiim 1pdenmead @b rany appdizing

(D riensi ons: 7\};1’?;2exof43§{;@ 'f‘hezah,ssrﬁ?s'ar((—: %ngggll ?n 2s%)ecified intervals on both sides
of fhe foil by cutting the foil, and thus, a band-shaped anode element

20 having capacitor elements disposed at both sides is obtained. Then, the

anode contact portions and anode foil portions are separated by an

insulating tape attached on both surfaces. Dimensions of the capacitor

element are 3mm x 4mm. Then, an anodized film is formed at the side of

the slit in the anode element. Then, a conductive polymer film of

25  chemical oxidation polymerization of pyrrole is formed on the surface of

the anode element. As shown in Fig. 13, the electrodes contact the

elements, respectively, and electrolytic polymerization is performed on the



A solid electrolytic capacitor is manufactured in the same manner as the
exanple 1, except that the thickness of the applied silver paste is 25

adj usted under an air blow pressure at the first nozzle unit of 0.05MPa and
that at the second nozzle unit of 0.05Mra. 19 (Exanple 3) A solid

el ectrolytic capacitor is manufactured in the same manner as the exanple 1,
except that the thickness of the applied silver paste is adjusted under an
air blow pressure at the first nozzle unitldf Ol1OwWa 5 and that at the
second nozzle unit to 0.05MPa. (Exanple 4) A solid electrolytic capacitor
I's manufactured in the sanme manner as the exanple 1, except that the

t hi ckness of the applied silver paste is to adjusted under an air pressure

at the first pegdh&iwNpblydfeOnikANTa kR ddaxiditidPoBRRONTa 182! Theni b of

0. 15MPa. (Exanple 5) A solid electrolytic capacitor 1I's manutactured in the

same manner 132adsort gre@Xa{oh &ilver PaiePlayetatret fiLmielli sik Bles Snbire thddar®il ed
silver paste is adjusted under an air pressure of the first nozzle unit of

0. 15MPa and t paktiahs.t MBheeCheidgnan? laecapuditorf el@metiRa . obt Easip| eAl)arntfdeA
solid electrolytic capacitor is manufactured in the sane manner as the
exanpl e 1, exdeqpd anHatathdde ldaidcdrmetakenfouthef Hpphnatt sintaet ppetsdre and the

adj usted under an air pressure at the first nozzle unit of 0.15MPa and that
at the secbnd catiodes contact tporgions neppect?B:ly.ExdThphe thy orpseitod edbwmentoisytic
capacitor is manufactured in the same manner as fhe exanple 1, except that
the thi ckness cgftathaviblpAn £poxy| xesin,pasdea;solid electrolytic capacitor 1s thus

. obtained. Ammnonium 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, 150uF)
Capacitance Leak current Withstanding
. (1)) (na) voltage (V)
{ ) Example 152 15 23
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 elements at both sides. And, a voltage is securely applied to the
conductive tape from both upstream and down stream portions of the
electrolytic polymerization tank as a polymerization electrode. As a

result, plural capacitor elements can be electrolytically-polymerized more

easily and continuously as compared with the comparison.



20 adj usted under an air blow angle (0) of the first nozzle unit of 5.
(Exanple 8) A solid electrolytic capacitor is nmanufactured in the sane
manner 5 as the exanple 1, except that the thickness of the applied silver
. paste is adjusted under an air angle (0) of the first nozzle unit of 15.
(Exanple 9) A solid electrolytic capacitor is manufactured in the sane
manner 10 as the exanple 1, except thajgthe thickness of the applied silver
paste is adjusted under an air blow angle (B) of the first nozzle unit of
20. (Conparison 1) A solid electrolytic capacitor is manufactured in the
same manner 15 as the exanple 1, except that the silver paste is applied
under an air pressure at the first and second nozzle units of O.

(Conpari son 2InAhi®kentbadiecemniglthiei bardpsirjeal anedomieieet is adats dfhhesane
manner 20 as the exanple 1, e cept%é ha&I t he cat hgde conductive layer is
formed by? With il hand ipak s nade phéartalyer, pranismmnd odhers-t Hoeanode
el enment b | Ng; = J1i C o as explained in Fig.
19A and F%Eaﬁég‘@&gﬁéé%ézgg gl&gtlﬂn%ggérté%%tés)gagpbf%e t hi ckness of the
cat hodes of the capacitor elenents in the exanple 1 through exanple 9 and
conparisons 1 and 2. Table 2 al so shows neasurenents of initial 21
capaci® antExemplaryembodimesd d)al resistance (ESR) characteristics of the
solid el ectroly/drG.: (of jca -ﬁﬁ;}ﬁc't of

t he exanpl es g?r/etefélicrélﬁwgﬁg’t ll’eﬁcf? B‘f%@%n%‘&éis%?%ﬁ rr%lten?}é{dﬁr er aﬁngée};t}%s%?gé%c The
capaci t anfrevarsticre adliresddascriBédtlz, and the ESR is neasured 5 at 100kHz. The

nmeasurenents are the averages of thirty sanples, respectively. 22
Fig. 13 is a perspective view showing an essential portion of an

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

a driving source for suction (not shown).



Tabl e 2 (Capacitor 6.3W, 47wF) Cat hode thi cknessESRCapacitanceAvera

aMaxi munM ni numBS2FExanpl e 11851901821547. 2Exanpl e 21841881801447. 5Exanpl e
31861911781647. OExanpl e 41811871761547. 6Exanpl e 51821881761447. 6Exanpl e
61811861771447. 1Exanpl e 71881931831547. 1Exanpl e 81841881801547. 6Exanpl e
91901961861747. 1Conpari son 12753202512646. 8Conpari son 22302671942146. 4 As
shown in fromTable 2, in the solid electrdlytic capacitor 5 according to
t he enbodi nent, the cathode of the capacitor elenent is forned thinly and
uniformy. Accordingly, the solid electrolytic capacitor manufactured by

| am nating plural capacitor elenments has a | ow contact resistance between

| t d s | 54l Lol )
Secording to thetnam e BNRRARARRL piobChairts'ih EARRRA pBPton 6wl 1S

according to the manufdcturing neth

el ectrol ytic cgpachéle Qfnit "9 Bf %@%ﬁp}f@&h&ﬁ@ apﬁ%theesmw Rk 13

feedi ng bosses of the second feeding roller poke rough the surface of the

conductive tapfhetitRzieniit 3&HIWE adf td fBe t@AREr pas®RXBISPH1EAr of HBe HahSL
time. Then, a deposit attached to the feeding boss is scraped 15 off, and

thus, the contslsdpddabhode ebhaherels) hadf fedinthe ellver pastd BBautifipenlysand
reduced. Therefore, the apparatus has the maintainability enhanced, and has
a smal | er i zetlanty waotkethecaixt . The apparatus has an operation efficiency

i nproved. Moreover, since the thickness-is adjusted by a blowing air to the
23 silver paste afterFigppbyis mgsidheiew|showipgsireessentiad poivign tof theateconid
conductive | ayer ?f t he capiaci tor elenment, a thin and_uniform cathode
conducti ve | ayBpzale vyl Rdgol the apartacturiag appanadus sbpyn 1 d4patdt ofbhas a
I contact resistance, |1 thickness,. and an excell ent. volyne 5

e@ﬁ ci ency. c‘nozztle 2‘&“‘@1&] %gg‘i’.s ﬂrn%ﬁﬁ%cﬁlbﬁrnﬁa%t ﬁ@&n@w%ﬁuﬁ #aedag a
solid electrolytic itor rising the steps of: 5_form

di el ectric oxi é%m%&:ﬁg%a%%%@@%ﬁ%?ﬁ F&%éﬁ%%r Wtegbﬂr%F&$& Ry a
conducti ve,sub 3 i trd i ; ] id
ol ectr ol y 171 aChe"30Seh BBte 30 hORELAER Ao EhOER QUL mrgE MORBEEH nce

layer by el ect abyldCsRbXHEARIUT URNIadBILA & GRHROAS baNETas, 37 is

including the sub-steps of: applyrng and dryi'ng carbon paste on t
el ectrol yte | aygéeked $HrouBH the Filtete38, RRaktering dilvaY paBtd 39 A6eShbtRAkRBTHE ON

15 the carbon paste;
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 solid electrolyte layer of conductive polymer is formed by
20 electrolytic polymerization 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)



adjusting a thickness of said silver paste filmby blowng a first gas to
the silver paste film and drying the silver paste film 20 2. The

" manuf acturing nethod of claim1, wherein said step of adjusting the

~ thickness of the silver paste filmincludes the sub-step of scattering an
.excess silver paste accunul ated at an end of the anode el enent by blowng a
second gas to the excess silver paste. 25 The manufacturing net hod of
claim2, wherein said step of adjusting the thickness of the silver paste
filmfurther includes the sub-step of sucking the excess silver paste
through a third gas. 4. The manufacturing nethod of any one of clainms 1 to
3, 30 wherein the anode el enent has a band shape and_ i ndividual A 25 anode
el enents di sposed cofti ddisasnymadod pbas fa esprfagee rouBheneth dxwrtcking aidy
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and S0rpm 7 R o 2 Rl D AGupo sofutind QTR & 25C
el ectrol yti c GaRA@NIRM dESMRbEShIEespRAtaAtad AddepStuiRi f f70PCT O #h

dje|l ectric oxide |layer on an anode el enent; a pdlynerization unit for
f i ng a sol izhodigal fih\is formydbnrthdeurface of the element.
The anode element is immersed in aqueous solution of 20wt% of
10 manganese nitrate at a temperature of 25°C for three seconds, and then,
is taken out. Then, the excess aqueous solution of manganese nitrate
attached to the surface is blown away by air. Then, the anode element is
heated at over 250°C in one minute and is pyrolyzed for five minutes at
300°C, so that a manganese dioxide layer may be formed on the surface of
15 the anode element.
This anode element is immersed in aqueous solution of 0.3wt% of
( ) aluminum dihydrogenphosphate at a liquid temperature of 70°C. Then,
a DC voltage of 10V is applied for ten minutes to anodize the anode
element again. On the manganese dioxide layer formed on the anode
20 element, a solid electrolyte laLyer made of conductive polymer of
polypyrrole film is further formed by electrolytic polymerization method.
The solid electrolyte layer is impregnated with pH 10 aqueous
solution of 5wt% of carbon particles and ammonia and is dried at 150°C to
form a carbon layer. On the carbon layer, a silver paste with kinematic
25  viscosity adjusted to 6.0 Pass at 25°C and 50 rpm 1s applied. This band-
shaped anode element is conveyed at a speed of 1m/min. Then, the

applied silver paste is adjusted to a desired thickness by the



of conductive polyner on the dielectric oxide |ayer by electrolytic
-_polynerization; and 25 a cathode formng unit for formng a cathode |ayer
on the solid electrolyte layer, including: a carbon |layer formng unit for
~ formng a carbon | ayer by applying and drying carbon paste on the solid
.electrolyte layer; 30 a silver paste applying unit for formng a silver
paste 26 filmby applying silver paste ngthe carbon layer; a first
nozzle unit for blowing a first gas to the Silver paste filmfor adjusting
a thickness of the silver paste film and 5 a drying unit for drying the
"silver paste film 8. The manufacturing apparatus of claim7, wherein said
first nozzle unit includes a pair of nozzles for blowing the first gas to
bot h surfaces WBanufstarisgannasatn shews padtiey &8 yhrawel Fighd andas deated ng
apparatus of cl 'gL7 or 8, wherein a djstance between %%kg first, ngzzle
unit and the éﬁg% “@ﬂeﬁ%ﬁba?&d@@@3¥959h§“%? ingra tathordeccopdietivetlayeng
apparatus of claim7, qur 9, wherein said cathode form ng unit further
i ncl udes a sedBREMEAUAREE di sposed at a downstream portion beyond said

Silver past e acoumul AhaUTCURE she TERERRPE RS UTERAGEE. 85 47 KRG
er _pas “ed oF *ERE dnbtfe B HOr
pair of noder 2 B Bhtndele WU MicHBEELBar T n YERRNEh BRGERRe l dmafc °

el ement, 1 espegliy tlot RS ahdde HEndROULALLIHIOY APOAIAH infingh 3 W1 900"

11, wherein a di stance between sal econd nozzle unit € anode

el enent rangesio3He §:2hdgéNAN dikéetiddi€o mﬁé\u&ﬁ@éﬁﬁ% AGrcRPBATGH the BAnd-kRhPed O
1%’2r 12, 30 further conprising a suction unit for sucking the excess
sitlver

paste aroldeseRiiaiteds Biiowheis 8e@nth gasd thé présdBrudfatidiainylowetipod
of manufacturing a solid electrolytic capacitor using a manufacturing

apparatus incladMia.a 5 pol ynerization tank and a negative el ectrode
installed in the polynerization tank, said manufacturing nmethod conprising
t he 10 The air blow ports of the second nozzle unit are disposed above
and beneath at positions 3.5mm away from the anode element, and air is
blown at a pressure of 0.1MPa to blow out an excess silver paste. Then,
the blown silver paste is collected with a filter.
The silver paste applied thinly and uniformly is heated and dried,
15 and a capacitor element is thus fabricated. Then, an anode terminal and

a cathode terminal are connected to the anode element and cathode

conductive layer of the capacitor element, respectively. Then, the

L
p—

capacitor element is molded with insulating external resin, and a solid
electrolytic capacitor as shown in Fig. 17 is thus manufactured

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

(Example 2)
A solid electrolytic capacitor is manufactured in the same manner
as the example 1, except that the thickness of the applied silver paste is
25  adjusted under an air blow pressure at the first nozzle unit of 0.05MPa

and that at the second nozzle unit of 0.05MPa.



steps of: formng a dielectric oxide filmlayer on of an anode el enment nade
of valve netal; 10 form ng a conductive substance |ayer on the dielectric
oxide filmlayer; formng a solid electrolyte |ayer on the conductive
substance | ayer, said formng the solid electrolyte |layer including the
sub-steps of: 15 adhering a conductive tape to the anode el enent; conveying
the anode el enent into said polynerizationgtank; making a first feeding
roller contact the conductive tape; 20 peeling the conductive tape fromthe
anode el enment; 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 el ectrode; and 25 form ng a cat hode
| ayer on the E?Hpg’lg)ctrolyte | ayer. 15. A manufacturing nmethod for

renufacturing a sol g oSheeld BltE SAPALI 0 M A A MBANERSLYA Ahnner

apparatus including a neriz negative ¢

installed in é@itﬂezggg{'hglé( el gt Al @k Iié]%-le%s r@nﬂfea&%[gﬁ%(?ﬁ%(}?}agggte is

conprising the ps of . formng a dielectric oxi on an

anode el ement  gRage Plinkal 4o HRL Blow HPSIBURE o? HRNGHE!ANE1S Wast 6{'@?161@1%’@ on
the dielectric oxide 5 layer; formng a solid electrolyte layer on the

conducti ves supaf @aRaeat B@EecondChdldanith® GOSMELps of 1 adhering a ,
conductive tape to the anode el enent; conveying the anode el enent into said
pol yneri zation 10 tank; making a first feeding roller contact the
conducti ve

(Example 4)
O 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 0.156MPa.

(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 same manner
as the example 1, except that the thickness of the applied silver paste is
adjusted under an air pressure at the first nozzle unit of 0.156MPa 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



tape; peeling the conductive tape fromthe anode el enent; meking a second
feeding roller contact the conductive 15 tape and penetrate the conductive
tape; and applying voltages to the first and second feeding rollers and the
negative el ectrode; and form ng a cathode | ayer including the sub-steps of:
appl yi ng and drying carbon paste on the solid 20 electrolyte |layer; formng
a silver paste filmby applying silver paste on the carbon paste; adjusting
a thickness of the silver paste film by bldﬁﬁng a first gas to the silver
paste film and 25 drying the silver paste film 16. A manufacturing
apparatus for manufacturing a solid electrolytic capacitor, conprising: an
anodi zing unit for anodizing a dielectric oxide |ayer on an 30 anode

el enment ; 29 adpodtydmmideatncir bhow angie (@) roffithg farss abrzle aingcof dt.yt e | ayer
on the dielectric oxide layer, including: an electrolytic polynerization
tank; a first feeding roller for applying a first voltage to a 5 conductive
t ape adhered to the anode elenent; a first feeding unit disposed at an

upst ream porti ¢hxampde 8bnveyi ng route of the anode el ement, said first
feeding unit having said first feeding roller; nmeans for peeling the
conductive tape from felidpderdralytie capaeitor is manpfasturaddinidersame mannamg a

protrudi ng feedi ng boss dj sposed on a ¢ircunference of saj.d second feeding
roller, saifl praéttg\?cﬁ’i?dngllée i“r?‘ﬁeBBg}éatcé?‘ﬁ g‘é‘g‘ﬂ@ssa the Applied isﬁl}je’f Raste 1s
conductive tape;,.1 second feedin nigt ., di sed .at a, dpwnstream portion
of the conveyi @JF%ﬁaé‘r@rtﬂ’ea‘ﬁm&é@m,é’ggi’ﬂﬂzgﬁéﬂﬂaOgﬁgdi ng unit

appl ying a second voltage to the conductive tape through said second
Léﬁﬁing roller; a negative el ectrode disposed in said electrolytic 20
I

merization (E%Qk'n' 18 power supply units coupled to said first and
second feedi ng uni tsp a% said cathode unit" respectively; and a cathode

formng unit for formAnglid daétheReic AYAtiteNis Mant®dtdréd BEIHOSMhE hayedr 25
17. The manufacturing apparatus of claim 16, wherein the circunference of

the second ibeedigithe exdmpledsexceptitliat tbeithirkaesd ofMohe pptivd &ilvep plakstnis
projects in a radial direction. 30 18. The manufacturing apparatus of claim
16 or 17, wher eddjusted 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 electrolytic capaci?:or is 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



30 the second feeding roller further has a through-shaft and ball bearings,
“and wherein said second feeding unit applies a second voltage to said

t hrough-shaft. 5 19. A manufacturing apparatus for manufacturing a solid
-electrolytic capacitor, conprising: an anodizing unit for formng a
dielectric oxide |layer on an anode el enent; a polynerization unit for
formng a solid electrolyte |ayer on 1¢4the dielectric oxide |ayer,
including: an electrolytic polynerization tank; a first feeding roller for
applying a first voltage to a conductive tape adhered to the anode el enent;
a first feeding unit disposed at an upstream portion of 15 a conveying
route of the anode elenent, said first feeding unit having said first

f eedi ng roapacitanearsid equpedentgeriad resivtante (ESR)pehdraptetibecanside

el enent; a Fgcond fﬁ;ding rol l er having a protruding feeding 20 boss

di sposed 8AUQ ¢EFtighites Grpacitorsiahricatsdnwhesediovy Fappeitor lpmentst elidi ng
feeding b i : I &gyl j ; e

foedi ng LB Brapes sy THRRERE | N AR bR eS8t (e
anode el eGOAC, Tht¢tadacieeedsitedsnged ritt 120HEY hid thes BRRGs obdaa@ed o the
conductive tape through said second feeding roller; a negative el ectrode

di sposed fh k&@JéIHél ectRe| Jrgasusemendsi a5¢ i tie tauaragemdofpdhinty s eppiplesni t s
coupl ed tgbiﬁgéﬁv%b;st and second 30 feeding units and said negative

el ectrode, "respecti'vel y; and 31 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; 5 a silver paste applying unit for formng a silver paste film by
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
10 20. A solid electrolytic capacitor manufactured according to the

manuf acturi ng nmet hod of any one of clainms 1 to 6, 14 and 15 or using the
apparatus of any one of clainms 7 to 13 and 16 to 19.



15 21. The solid electrolytic capacitor of claim20, wherein the thickness

“of the silver paste filmranges 10 to 25m
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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
15 off, and thus, the contact failure between the feeding roller and the tape
is reduced. Therefore, the apparatus has the maintainability enhanced,
and has a smaller size and lower cost. The apparatus has an operation
efficiency improved.

Moreover, since the thickness is adjusted by a blowing air to the
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silver paste after applying the silver paste for forming the cathode
conductive layer of the capacitor element, a thin and uniform cathode
conductive layer is formed. Therefore, a solid electrolytic capacitor has a

low contact resistance, a small thickness, and an excellent volume

5 efficiency.
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LSSATTE ) SR (A bubifil e mondd it Beunguusing o ol
electrolytic capacitor comprising the steps of:
5 forming a dielectric oxide layer on an anode element made of
valve metal,
forming a conductive substance layer on the dielectric oxide
layer;
forming a solid electrolyte layer made of conductive polymer
10 on the conductive substance layer by electrolytic polymerization; and
forming a cathode layer, including the sub-steps of:
applying and drying carbon paste on the solid
electrolyte layer;
forming a silver paste film by applying silver paste on
15 the carbon paste;
adjusting a thickness of said silver paste film by
blowing a first gas to the silver paste film; and

drying the silver paste film.

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

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

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

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

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

30 wherein the anode element has a band shape and individual
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5 element.

5. The manufacturing method of any one of the preceding
claims, wherein said step of adjusting the thickness of the silver
paste film includes the sub-steps of:

10 blowing the first gas to the anode element at a pressure of
0.05 to 0.15MPa; and
adjusting the thickness of the silver paste film by adjusting

the pressure of the first gas.

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

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

7. A manufacturing apparatus for manufacturing a solid
electrolytic capacitor, comprising:

20 an anodizing unit for forming a dielectric oxide layer on an
anode element;

a polymerization unit for forming a solid electrolyte layer made
of conductive polymer on the dielectric oxide layer by electrolytic
polymerization; and

25 a cathode forming unit for forming a cathode layer on the solid
electrolyte layer, including:
a carbon layer forming unit for forming a carbon layer
by applying and drying carbon paste on the solid electrolyte
layer;

30 a silver paste applying unit for forming a silver paste
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5 a drying unit for drying the silver paste film.

8. The manufacturing apparatus of claim 7, wherein said first
nozzle unit includes a pair of nozzles for blowing the first gas to both
surfaces of the anode element, respectively.

10

9. The manufacturing apparatus of claim 7 or 8, wherein a
distance between said first nozzle unit and the anode element ranges
1.5 to 3.0mm.

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

accumulated at an end of the anode element.

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

a distance between said second nozzle unit and the anode element

ranges 3.0 to 5.0mm.

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

30 further comprising a suction unit for sucking the excess silver paste
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electrolytic capacitor using a manufacturing apparatus including a

5 polymerization tank and a negative electrode installed in the
polymerization tank, said manufacturing method comprising the
steps of:

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

10 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:
15 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;
20 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
25 forming a cathode layer on the solid electrolyte layer.

15. A manufacturing method for manufacturing a solid
electrolytic capacitor using a manufacturing apparatus including a
polymerization tank and a negative electrode installed in said

30 polymerization tank, said manufacturing method comprising the
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96 conveying the anode element into said polymerization
10 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
15 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

20 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

25 drying the silver paste film.

16. A manufacturing apparatus for manufacturing a solid
electrolytic capacitor, comprising:
an anodizing unit for anodizing a dielectric oxide layer on an

30 anode element;
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17. The manufacturing apparatus of claim 16, wherein the
circumference of the second feeding roller has a curved surface of

which center portion projects in a radial direction.

30 18. The manufacturing apparatus of claim 16 or 17, wherein
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0
T10% & () - a first feeding unit disposed at an upstream portion of

15 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
20 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
25 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

30 feeding units and said negative electrode, respectively; and
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a carbon layer forming unit for applying and drying
carbon paste on the solid electrolyte layer;
5 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.
10
20. A solid electrolytic capacitor manufactured according to
the manufacturing method of any one of claims 1 to 6, 14 and 15 or

using the apparatus of any one of claims 7 to 13 and 16 to 19.

15 21. The solid electrolytic capacitor of claim 20, wherein the

thickness of the silver paste film ranges 10 to 25um.



