; e3eRnX6Ter Q DESCRI PTION Method OF Manufacturing Solid Electrolytic
Capacitor 6 Technical Field The present invention relates to a nethod of
manuf acturing solid electrolytic capacito{s to be used in i
el ectroni c apparatuses. Background Art 10 A structure of 4”@%@%}”%’“ I
solid electrolytic capacitor is described hereinafter with oits
manuf acturing steps. (1) Forma dielectric coating on a face d#%4%porous
section of a valve netal sheet, usiDESCRIPEI®N n a thickness direction or
a core of an internediate section of the porous val ve netal wm’m lw’.lw’m"&s
al um num or tantalumas an electrode. (2) Forma 15 coll ect
surface of the dielectric coating. (3) Form a capacitor el enent *dggo2*
providing an el ectrode |ayer made of metal on the collector |ayer. (4)
Lami nate the capaciMethod @fManufactaning8olid Elecsrdytiefapaeitat) ect r ode secti ons
of respective capacitor elenments |am nated or el ectrode |ayers and couple
themto an external termnal. (6) Finally, forman outer case such 20 that
t he ext®r ngecheical Padldcan be exposed. The foregoi ng conventional solid
el ectrolytic capacitor can increase its capacitance and reduce its
equi val ent seri @he pbsdrnRvditeoei rlhteer t6 &f anetltbd of amamWRcturing a6lid
this capacitor is nmounted to a circuit board via the external term nal
sim|ar toehkichelytitdapaciyorsolo bk aked if vhyioue etegpaonicappardtustbe solid
el ectrolytic capacitors, to be surface-nmounted on circuit boards |ike
sem conduct or conponents, are obliged to have a sl ow response to a high
frequency because the presence of termnal lengths or wire | engths 2
i ncreases BakkgralimetjArtal ent series inductance (ESL) in an actual circuit.
In order to overcone the problem di scussed above, both of an anode and a
cat hodd ar e pl adestruntuwresof hacenwintiorsdl salidk letertralytiti eapaajtaciis atessxibedhat
sem conduct or conponents can be directly nounted on the surface, and as a 5
resul t, EShersidafist with teferemeertodts suahutactating stepet r@) yHarm eapiatdctric
di scussed above is proposed. Disclosure of the Invention The present
i nventi on egating onpy fagedd aoponeniscgctibnrdsuy alye unetad shhet, 1@ingbne face in a
el ectrolytic capacitors that can be directly connected to sem conductor
conponent sthigkness, dingctigngey acegyacoft amdatersnedinte section tof thecrqrons evalve a
hi gh frequency, The manufacturing nethod of the present inyvention conprises
the fol | owns§akebpet spshnasplumibygh-sofartalumgpgcan Alactzeder 1@ Fomiag a
resist. filmon 15 a porous fage of  al umg.numfoil, one of hoth the fojl
faces Wavi %fe&&% lageteon @ugfw of b :Bg@ eeHd CP%?lﬁgng?@nan&t 2 If§PRCIRE on
the remai ni.ng face (non-porous face, gnd herejnafter referred,. to as a flat
face) and %lﬁg}erm;y %?é?‘?lgﬁlﬁ aph%legiﬁ'pgﬁgﬁy%p@ée oaiI metal on %fle collector iayer.
(4) Laminate the capacitor elements. (5) Gather together the electrode
sections of respective capacitor elements laminated or electrode layers and
couple them to an external terminal. (6) Finally, form an outer case such
20 that the external terminal can be exposed.
The foregoing conventional solid electrolytic capacitor can increase its
capacitance and reduce its equivalent series resistance (hereinafter referred
to as ESR), in fact, this capacitor is mounted to a circuit board via the external
terminal similar to other ordinary solid electrolytic capacitors.
25 The solid electrolytic capacitors, to be surface-mounted on circuit
boards like semiconductor components, are obliged to have a slow response to

a high frequency because the presence of terminal lengths or wire lengths



then 20 formng a dielectric coating on the porous section after renoving
the resist film and formng a solid electrolytic layer on the dielectric
coating; then form ng through-hole el ectrodes in the through-hol es; and
forming a collector layer on the solid elZ2ctrolytic |layer; then 25 formng
openings at given places of the insulating filmon the flat face; and
formng connecting termnals on exposed faces of the openings and 3 the
t hrough- hol e el ectrodes. Brief Description of th gigwjngs Fi .1 shows a
per spect i véngreages SR apdiequayalent spyies én@éﬁ&aep% ZE 19 4B aptPR G ELL.
invention. Fig. 2 shows a sectional view of. a soliqd electrolytic capaci.tor
of the present i%ﬁ@mﬁpvm@m%ﬁﬁ] ?%ﬁﬁl ﬁ?‘éﬁsﬁécﬁq‘é’%tb iyEW aneds and
essential part of_ a solid e|lectrolytjc cgpaci{.qr of the. present invention.
10 Fig . 4 aatRode aremlaeed op BoPTince of iSﬁégae%ﬁ%rpBéwﬁﬁ@P%maorr &itdats | m
is formed on a porous section of an al ninTn1foiI f a solid,el ectrolytic
capaci tor GTIRURREIRE FOMBAREREs GRT. he direetlE rpontedse ¢he miageeqnd as a
illustrating a, st S t hr oygh- hol es ar ornmed. at .gi.ven places.on the
al umi nub f GRSl ﬁ?ﬁhﬁg %gi? Sk en |§‘N%‘e§5 §§1§ Pt %qucgfel?g%ﬁpﬁlés‘éﬂmamtor
invention.(rig. 6 .shows .a sectiqnal view illustrating a status where

i nsul at i ng $i8¢uased ADOVE ASBLORATES- f | at face (non-porous face) of the

alum num foil and on inner walls of the through-holes of the solid
electrolytic capacitor of the present invention. 20 Fig. 7 shows a

sect i onal ﬁhe iIIusﬁiﬁtinﬁgﬂastatus where a dielectric coating is forned
on the por od¥COSUre ghtas ‘1 P num foil of the solid electrolytic

capaci tor of t hel‘l% %%gsrgntlirﬁ\\lfgr%ilognaims to provide a method of manufacturing the

10  solid electrolytic capacitors that can be directly connected to semiconductor
components and have a larger capacitance as well as faster-response to a high
frequency. The manufacturing method of the present invention comprises
the following steps:

forming through-holes at given places after forming a resist film on

15 a porous face of aluminum foil, one of both the foil faces having been made

porous by etching; then

forming insulating films on the remaining face (non-porous face, and
hereinafter referred to as a flat face) and on inner walls of the through-holes;
then

20 forming a dielectric coating on the porous section after removing the
resist film; and

forming a solid electrolytic layer on the dielectric coating; then
forming through-hole electrodes in the through-holes; and
forming a collector layer on the solid electrolytic layer; then

25 forming openings at given places of the insulating film on the flat
face; and

forming connecting terminals on exposed faces of the openings and



Fig. 8 shows a sectional viewillustrating a status where a solid
electrolytic layer is fornmed on the dielectric coating on the alum num f oi
of 25 the solid electrolytic capacitor of the present invention. Fig. 9

shows a sectional viewillustrating a status where through-hole el ectrodes
are formed in the through-holes of the solid electrolytic capacitor of 4
the present invention. Fig. 10 is a sectional viewillustrating a status

where through-hole electrodes are forned in the through-holes of the solid
el ect r ol yt ithedhpangh-beleelectodpsesent invention. 5 Fig. 11 is a sectional

view illustrating a status where openings are formed on the insulating film
of the solid electrolytic capacitor of the present invention. Fig. 12 is a
sectional view illustrating a_status where a connecting termnal is forned
on the operBﬂgfEﬁBQmEtIQBIOfgh@IIB@WIBg?ti c capacitor of the 10 present
invention. Fig. 13 is a sectional view illuystrating a status where an_ outer
case i s provi ded'igo lashaypnai perspestave Niewol 2 solid @leqteelybis| qppagiten ghdhe or

of the gresent invention. Fig. 14 is a sectional viewillustrating a status
wher e eRt erR¥gpenBInvVenMoRal s and connecting bunps are fornmed on the outer
case of the solid electrolytic capacitor of the present invention. fi . 15
is a sectional Wigw4 ﬁha‘yﬁr%t*ﬁgoaalsf’b&%@%épﬁdaelﬁsgr.o t1g CARQGLEOK g ﬁg on
an insulating filmof another solid electrolytic capacitor of the present

i nvent i on. PI§SERIGINVERLI0R. 3 sectional view iliustrating a status where a

apact for of ¢ e fr sy Apaiabaed prcsions) Tiew Plms epemAalpat of & sohd”

{hr bugh- hol GeCRPI B APAGEE AEHICBIGRMEIBERHEY | ¢ 25 capaci {or of ¢ he

Pr esentloi nvent| lei'g . 4 shows a sectional view illustrating a status where a resist film is
formed on a porous section of an aluminum foil of a solid electrolytic capacitor
of the present invention.

Fig. 5 shows a sectional view illustrating a status where through-holes
are formed at given places on the aluminum foil of the solid electrolytic

15  capacitor of the present invention.

Fig. 6 shows a sectional view illustrating a status where insulating
films are formed on a flat face (non-porous face) of the aluminum foil and on
inner walls of the through-holes of the solid electrolytic capacitor of the
present invention.

20 Fig. 7 shows a sectional view illustrating a status where a dielectric
coating is formed on the porous section of the aluminum foil of the solid
electrolytic capacitor of the present invention.

Fig. 8 shows a sectional view illustrating a status where a solid
electrolytic layer is formed on the dielectric coating on the aluminum foil of

25  the solid electrolytic capacitor of the present invention.

Fig. 9 shows a sectional view illustrating a status where through-hole

electrodes are formed in the through-holes of the solid electrolytic capacitor of



Fig. 18 is a sectional viewillustrating a status where a solid
electrolytic layer is fornmed on a dielectric coating on an alum numfoil of
the still another 5 solid electrolytic capacitor of the present

invention. Fig. 19 is a sectional view il4ustrating a status where an
insulating filmis formed on a flat face of an alumnumfoil and in

t hr ough- hol es of yet another solid electrolytic capacitor of the present
invention.t%@Fig. 20.is a sectional viewillustrating a status where a

di el ectric CSRECAYNE IRt on a porous section of an al uminumfoil of the
yet another solid electrolytic capacitor of the present invention. F

. ; ig. 21
is a sectional Wigw 30 pesx pactionplavieraallustrabing a stgbvng) vehese Flaﬂoykghchq%ayer
on the dielectri¢ coatjng on the alum pumfoil of th et another solid, 10
el ectrol yt i ee&p 1 fogmhacin theothraniehrileg phihe wlgf elpgtrolytic capaciina
view illustrating a status where second through holes are forned in the
i nsul ati ng e RRESeNt MYepdiotanot her solid el ectrol ytic capacitor of the
present _inventiaon, 15 Description of t Pref.erred Enbodinments The
manuf acBur i ng ko dLiofS @héecﬁ%%?@nYleWnaiﬁtFﬁﬂngo%ﬁ?%% vihede r Qpardpeh pre
steps: fornjng resist filmon_a parous ction of, alumpumifoil, then
f or mi ng thpi]sa@ﬁam Hsyatiog %ﬁr%egéhe éﬂﬁgf@eqtmlaﬁlﬁgcapﬁgﬁpapf Presediton
t he renai niig% face (non-porous face, and hereinafter referred to as a flat
face) and iY8RYRAI | s of the through-holes; then removing the resist film

(hen formng 2 bl o5/ 51 S0aLLG 00 I6BLALS SESHEEn RSt Eletbu”
this Stage Loabohl Q0Sd i e ot pe bel AWl L R ShSShEL LY ke

10  present invention.

Fig. 13 is a sectional view illustrating a status where an outer case is
provided to a capacitor element of a solid electrolytic capacitor of the present
invention.

Fig. 14 is a sectional view illustrating a status where external

15 terminals and connecting bumps are formed on the outer case of the solid
electrolytic capacitor of the present invention.

Fig. 15 is a sectional view illustrating a status where a resist film is
formed on an insulating film of another solid electrolytic capacitor of the
present invention.

20 Fig. 16 is a sectional view illustrating a status where a pattern is
provided to the resist film of the another solid electrolytic capacitor of the
present invention.

Fig. 17 is a sectional view illustrating a status where through-hole
electrodes are formed in through-holes of still another solid electrolytic

25  capacitor of the present invention.

Fig. 18 is a sectional view illustrating a status where a solid electrolytic

layer is formed on a dielectric coating on an aluminum foil of the still another



6 formng a through-hole electrode in the through-holes; and formng a
collector layer on the solid electrolytic layer. A set of steps hitherto

di scussed is referred to as a stage of formng elenents, and this stage is
foll owed by the steps below 5 forming opgenings at given places of the
insulating filmon the flat face of the alumnumfoil; and formng
connecting termnals at the openings and on the through hole el ectrodes. A
set of steps_hithertp discussed is referred to as a stage of formng
termnals. Sod dﬂpg@é%ﬁaH%WWQHWféhe&F?%ﬂg19H%“§6Pid el ectrol ytic
capacitors to be directly coupl ed to,sem conductor conponents, and provides
a manuf act uri ng Fig A8ds ahectional mevillestratang e stabus wheke aggppylating film

electrolytic capacitors excellent in high frequency, ¢characteyistics. A

vari ety o 1BoloBmesk pBna At gaf‘eep@%iaxl atfm%aev@ dol &g dn %hxeugfl-hotles of yet

manuf act uri ng-f1 ow i, | rqduce var.ious, 15 advant ages.. Sone of those

advant ages %%?%%PF solad ehﬂeﬂaﬁym?.caP?c%%O%&@\WegB}‘?v(?né}%’ct rol yte from bei ng

formed Qn the flat face of the alum.numgfoil, .so that an anode and.a . .

cat hode Par e posi {18 1§e?)a?e§f188?i12’.1e‘1"t llﬁhﬁﬁrﬁlesemstﬁﬂés tﬂ?%‘gﬂ- fhglgetric

el ectrode fromextending off the flat face of the.al unjnu oil, and_.al so

et ORI s A DE I e T BEHAR o SIS DOt ok LHe, et AR

t he cat hode are osiiivel se ar%ﬁd. 3. A.nunber of openings can be forned

at a tine. SPUGRIEPBINEIGSARACItORoT the Breierd inERRtERn the ¢ hr ough- hol o

el ectrodes and the umi numJfoi] can..be strengtheped. ,A use qf )

et osoner trve 1B 2L aekinRal s R R A A B R A gl dlersrely s

| aces agreei ng wi tth the through-hol es,b at.terni.ng, ositivel .

B ovent ot HBYPRoPythe (iTectheciting 1 the AbgHnRGn da of Fhe it anatfey gotid

electrqglytig layver.is fornmed the dielectric coating and in the

througﬂpyhol‘?glg(?triﬁ@ﬁ (E%Cbtf)r °§%Pﬁ%§fn8ﬁ?¥%?wlﬁ’g resi s'? filmcan be sel ected

on the o6 st t of e 2B SBoRa ARR Rlistditk afreble WusPiRfua PERRRH-00

t he insul aty | a . Phot ogesi. i S. Le 0 t ef .

Dt t or o e, DO ¥ Formh OIS i butatiO i ok bk VL Anloffied 86 R&diigyic

nunber of t{ﬁrg’%ﬁgﬂg{%k}fﬁpf@&pﬁﬁn@%ﬂﬁg at a time through a sinple process. A
r ntng

sui table ne ough-hol es can be selected from | aser-beam
machi ni ng, punching, drilling, or electrical discharge nachining, depending

on a dianeter and the nunber of the through-holes, so that the

t hr OUQHBhO'Bés@QSClé@%PF%Mg%@d Eg}ﬂoo:ﬂ}i\ﬁxren%)s'[ . Edges of the through-holes

on t he "porous e alumnum can be chanfered off, so that the

nunber of defectyye oAUk g?ﬁﬁgﬁggpﬁdr the nﬁeﬂéQnQEnﬁbﬁC&ﬁﬂgﬂ§§9%hEi0”

met hod for formng an 1 nsu m a ormng a thrn ins ing film

with a sinpl, d .This el ectro-deposition 15 nmethod forns an
i nsul ating rgg%ﬁgg%ﬁjﬁ' first layer, then fornms the second

forming a resist film on a porous section of aluminum foil, then
forming through-holes at given places; and
20 forming insulating films on the remaining face (non-porous face, and
hereinafter referred to as a flat face) and inner walls of the through-holes;
then
removing the resist film; then
forming a dielectric coating on the porous section.
25 A set of steps hitherto discussed is referred to as a stage of forming dielectric,
and this stage is followed by the steps below:

forming a solid electrolytic layer on the dielectric coating; then



| ayer made frominsulating resin produced by m xing mcro-gel, carbon fine
particles and fine particles of titaniumoxide. In other words, the first

| ayer is thin and has a high resistivity and the second |ayer can
substantially cover edges, so that the fi@mis formed with a uniform

t hi ckness. As a result, the 20 insulating filmon the inner wall of the
through-holes has a | ow defective insulation rate. After conductive
adhesive is filled _ in the through:hol es fo form th ough- hol e

el ectrodes, a use gﬁ“& ﬂ bW@dﬁeﬂre tt %%g%ﬁﬁﬁgréhmﬁt%n% si npl e
process and hi gh productrvr iC co is fornmed, a

t er a dielect tin
resist filmis for m%ft‘ﬁ%ﬂ%‘i’tﬂ iaé’eZS’qgl?eSQiH{e?]@C‘éFﬁ?Y%%yﬁfr ng film has

been formed, thep solid electrolytic layer is forned on e dielectric

coating befdset phetepgdnthento discussed i rreﬁhtosa%tsﬁ%aea BHAg elemeyts,

el ectrolyte fraom being.f the flat face of the 8 al um num f oi

t her eby pos@‘ici &asysteeeh%g?ﬁﬁ@d&w QFR)E'@Péh’(?fl%\Wbat hode There is anot her vvay
to separate t he an?de fromthe cathode: After g ﬁ e tr|c at|n

formed, a resi st f 1PHRING f’lb"i’rﬂé‘ésﬁ FIReNgHAre% 0 & rHsQH ? tilm

has been fo the a. thrgug |l e el ectrode is forned |n 5 the
t hr ough- hol §98§F}Eﬁ@ yRpymdodi and| m i s renoved. This net hod prevents t he

t hr ough- hol e el ectr,ode. from ext endj .of flat face of th m nym
ol D a8 wel | a5 SoRIHEEITAIG el Ab Tho dpeanass ~RE o1 e thgamets,
that the aqﬁa ? gﬁﬁhe cathode are positively separated. A use of

| aser - bea BRTSHHYSr grinding with the optinized output 10 can formthe

o med o Sehal fieRs cher g RiscRiased A Aeferer gp aoa SEpRg cf ﬂrqﬁﬁ%t Secﬁr o
R A B L i
T f‘r@?%%ttrrrrzf
conduct | ve BEPSLE4: narhcﬂlﬁau&l s %@Feaa%eoﬁﬁﬁeroltdo aRES e Sap Giflas, 1o,
o eatrol vt Ie?icsggét.tl?lﬁrls X @631%%@%% SN, R B Woipations ofe A
use of cheriyggl ipob i BRAARALLR0ToreEC ALY A RELITIR ol LRBILEANLEE s

excel | ent i Vi her me s are

Suspensl on %{ (%\Qg ofte g@g3§é+d‘%’ﬁ§%¥€ﬁie h§ &Pﬁ’e]bﬁzd and dried, then the

conductr ve orme I'c po ynherization, so that stress

appl ied to the d q e‘i’t pQ‘g@%flt?golf@er%%ao rﬁgﬁcgﬁng\fgﬁﬂ@ 'ﬁé@fa‘%g' S

pyrolized (heat decorrposr tion anese

| ectrol yt f |
Cechni quo. T EBRAGRHAN, RAD <BRRATIN A ??%E%?W%ee s ﬁ"fm@?r@ﬁé‘%@?w or m
manganese dioxideg t ﬁ?%ah??re@@ﬂ?‘ﬂﬁé 't ROk e]!e?tljo‘aé %%t@h?ﬁté Off)thkC

pol ymeri zation. A coI I ect S orme a use of suspension o

particles oflaCRicheP ROl MG ARGUAL hi{@ a?é#E%%v\éﬁt tRO stamuatﬁﬂ&tedfmm being
el ectrol ytic capacitor having a 5 | ower R than another solid electrolytic

capaci t2or ifarMatcho ERNTEHE ANSIAENE Thy Batoddl 41RGIdsYtiOR! depdraedsol i d

electrolyte. The solid el ectrolytic capacitor of the present invention and

a method of manuf act W hAmBeRDf HPERILAERD MY 8flaltgnel nafter with
reference to the acconpanyi ng drawi ngs. 10 Exenpl ary Enbodi nent 1 The first

exenpl ary embodi ment R&iASIHNSE tld Stbulhtibn NRfteenGiet thrbigh-hblé BILUEHek 9
14. Fig. 1 shows a perspective view of a solid electrolytic capacitor in

accordance yd thd ARurhideh BIRAAI vesreREtHMRIPr €sent i nvention. Fig. 2 shows
a sectional view of the solid electrolytic capacitor. Fig. 3 shows 15 an

enl arged secti ongluséi 6MpROtoBENESITENEst o rgafic hHResiOb ifilneladlewsofarhiiag
capacr tor.

25 holes at places agreeing with the through-holes by patterning, or positively

prevents the resist from entering the through-holes, so that a solid electrolytic

layer is formed on the dielectric coating and in the through-holes. A suitable



First, a structure of sheet-like capacitor elenent 1 of the present
invention is described following its nmanufacturing steps. Etch one of the
faces of alumnumfoil 2 to forma porous section (hereinafter referred to
as 20 porous section 3), then formresist7film4 on the porous section.
Next, formthrough-holes 5 in alumnumfoil 2 at given places, then form
insulating filnms 6 on t he non porous face (flat face) and on the inner
wal | s of thethrou - ho) es. ve resj Iﬁl g&é_andformdlelectrlc
coating 7 dﬁe @é’éltqgo??%s k@rpafﬂo ?ns§ %tll“bm?ﬁl@nd 8RBy CORLHNE,
dielectric coatlng 7. before, through-hole 25 el ectrodes are formed in

t hr ough- hol S¢&een-PRBLng, () filiethomding.e emdlggf% ﬁl%r%ﬁs%m § wiese sedihati ¢
layer 8. Finall for opemng 1 on atln f|| on the flat face at
gi ven pl ace‘@sm&rﬁ;m%‘% 8 AORHEYS élt%?ﬁlrf’ﬁé ISUINgfEEd 10 faces of

openi ngs 11 and rou h- hol e eI ectrodes, 9., Prov uter case 13 o
lateral faces a §28t ¢ anBJied 1o bothdt 1P DefoTE PRy ARRIES HHth e 14
and sec ter term where termnal, 14 is el ect oupl ed
to alu BREDRolés BiR Grmab by MeLenangertriah  TmbSE ok Ehrugh-Rotes

l.ayer 10. Then form connectin

EFEEEJ;EI bglé%tg%F]?grés @%Eﬁ%&ﬂﬁ@bﬁh ﬁ?:]tl%zr Hléchg?ﬁod 0 ]%;g%% S:ﬁﬁ?ﬁld’f
55 SRS el Bl AR O W Pl sl e
faces is et‘gﬂﬁ’d‘gar?a %ﬁ‘étrﬁ:ﬁ‘é d&%@@rg‘éd’&@ b%go‘i}é’ n%éggé)fl i qr a?éh”ﬁﬁd on
Dol ect ed 1 URPRior P HTOBERSR: o b PR B i hERe Rt be SREREAVE: pesi n

IS appl ed 1to RQL QS sectl on 3 by one of the foregoing nmethods, then the
resin | dr &g’ cf’%ereby obtaining resist film4. 15 Organic adheS| ve film

borous Sect i on FAE fiﬁheﬁlﬁfsﬁaﬂ@o'i'ﬁi?ﬁ?}ﬁe neafiie e & Bl piofiaRp 28 8n
SR KA G A s
[ suitable ﬁ@lf%}lﬁ?f)ﬁ ?geﬁé‘ff fatlion Hh{‘%ﬁ? gﬂ%&f&ﬁ%ﬂ“ﬁ@@%ﬁﬁ& AR Sga%
of using t%hr%?gétt ﬁlﬁn ]Ta%},nsg[ ﬁﬂﬁ(ﬁ%}graessll s‘?l e &ng%améé %feé:rtﬁo &%IS#EHSE

thr OUQHBhO'rﬁgt}for e(%E tali'leuisq}ﬁﬁﬁpgfre%iﬂ’ WD i’?ét't }ér )'E/'&g}b ff&fx{& Qg%es'fecﬂ}idt he

wet -et chin e resi mis rermve rmng

t hrough- ho'lﬁ?/eﬁ méidd B inSURHEY rddif 50868 @byt iR oegel?cﬁ’fboqpfiﬂgs

particles and fine particles of titanium oxide. In other words, the first layer

is thin and has a high resistivity and the second layer can substantially cover

edges, so that the film is formed with a uniform thickness. As a result, the

20 insulating film on the inner wall of the through-holes has a low defective

insulation rate. After conductive adhesive is filled in the through-holes for

forming the through-hole electrodes, a use of curing method can produce
capacitors with a simple process and high productivity.

After a dielectric coating is formed, a resist film is formed on the entire

25 face where an insulating film has been formed, then solid electrolytic layer is

formed on the dielectric coating before the resist film is removed. This

method prevents solid electrolyte from being formed on the flat face of the



section 3 of alumnumfoils 2 by the wet-etching, so that reliability of
insulating filme6 later formed is increased. 11 Next, as shown in Fig. 6,
forminsulating coat by an el ectro-deposition nmethod, so that insulating
film6 can be forned on the flat face of &lumnumfoil 2 as well as on the
inner walls of through-holes 5. The el ectro-deposition nethod can forma
fine and uniformfilm so that insulating film®6 does not fill 5 up entire
hole 5, but covers qgnly_ the inner wall. There is sone possibility that

i nsul at i ng #nmingm foil iihereby pesibivelit serpyasing an ynedeifndor eathpdsn (Thereace
where dielectric coating 7 is forned, chanfering the edges is effective to
sol ve thi s ipranatber away atpseﬁnamt%&besammmmd%er eathedel After audielgotric
insulating resin produced by m xing mcro-gel, fine 10 particles of carbon
and fi ne- paeafisigeds dprmedarft mesiski Bm isndermeadt en i Bies emsiragiang pdisire aBr
covering edges, is electro-depositiqned, thereby solving the praoblemnnore

ef f ect i vel ynsnlatig fidmghas hesn formedabhen 5 thrgughchelg dloctapde Ay forangdani ¢
Pher cby 515 thAciidabEhdgiales bekuei thp SreisthBlmols Foverive ThisrBohad PEoventa t o
L ot Fodopse hssodR s ks e sresoagt e 45 BESF AR e o
suitabl o APV EPT AP SHbeIesHRbY erieem oS IoRBod Tt The Nk 0%, BPaRat dbar |
e A

split into two steps. First rovide.thin resin.of high resistjvity as a

fPrst 1 aver . |t neh 5B A 86T hebnamachinios of FUPMIRE BULIRE MPURIZE. GUPUL | ne
articles of carbon and f.i ne rticles,of titani um oxi .t hose terials
ot oD s FancBrer the iemings Al shde.c Raore paabbuRtRg S5 it ARped Bugridi g

film6 of fewer i.nsul ation defegcts is.fprmed on the.inner.wall, of

¢ hr ough- holS6¢tign indgrmed, gn e fat face of the aTuminum foil &t 2 giyen Blace, themded.

o 1 Pl aRaf b L bR Bl T PR TS Bhbgs s
eIectrontLF | ayer i.s £ ornmed on1§£elecﬁyi. coating 7. This layer 8 is
formed by fIOFHiHGUMDES Qf AReNTUgRYIea8s 3 25 %igat ed pol yner containing a

i-el h I I | wt hi oph d/ Pt
"nci udi ng_ conduct tae OpsroREvedhesty i Korintle 6 tonofdind Lo aTR Bl
hem cgl | gctrol viic. pol i ion. Sqlj.d elegtrolyticyl 8 b
For e 18y arelint Srodiciisif A baf Soiethronabheraeimels Bhigkes 5686,
after the Coﬂﬁﬁﬁ}iv? ngg 19 Eg 215 28L& Qy chem cal polynerization. The
conductivez%o yné?(kgn e&$o$n€ﬁg%§ %8 el'ectrolytic polynerization after

the suspension of pander, %g)ﬁﬁé{bgg‘itgxgdfd?ﬁlie}ieof’%?éﬂgéti{zﬁp;gug?ﬁeg%1i?xt%ﬁ;dlh'gsg’ or

manganese nitrate 1s inpre f'ore thermal "deco ere

¢ . : > " D .

[prm N9, TeGANGAReHl Polifer BRI SONMARINGNPUNTSRSARE ot PSR,
solid el eCterlQét}‘&léﬁié:l RYEE Bn oA dRctiolytd €a §ci£c§1€f1&@i'n|gya 96&LrmEsKt ed

to form nanganes i oxide. This nmethod can produce a fine electrolytic

| ayer, o@nd 1 . thbFK NGRS | aner it rarils :
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material of electrode 9, conductive adhesive 20 fornmed by m xi ng conductive

particles syethqis Afe PRAALiRIAE da CHoREWEE Suspehblonedf | ghwddhbpugh-onahgtive and
then cured. As shown in Fig. 10, collector layer 10 is fornmed on solid

el ectrol yt Kfolirﬁa)é?ris%pﬁﬁbéi eLh @' driéY,CEheP the %xﬁﬂk&%\,\gkﬂﬁrﬁ@i‘ NatfolghedabPon

| ayer and Agpaste |ayer wth conductive adhesive of i ch maj or conponents

are 25 suspgagrOytRipdlpmeikations s dhht 6t:1@8s %B?liéﬂ't@%ﬁ&&iief&h{;ﬁc 8&5@1@%%3
all ows drawi ng electric-charges nore efficiently. As shown in Fig. 11,

openi n@s 1heakedh@dredMahgdhy@ nrat€Ss Pyrolizad | (Asht aecoBpokitior # ¢maned
on the flat face of alumnumfoil 2 with YAG |laser or a grinding method.

Anot her metiigflghRésd @loxidy) sopaitn@bidldlettolyitte EQidvitdrs @ahHe GRGIUAG AR
first on a given place on the flat face of alumnumfoil 2, then form

col l ector |1ﬁ)§éﬁﬁvélg Hiea R estdblRhedteshniRe! | Mlahgansyenvierhtedn pytoliald thoatnove
5 the resist on the given place. Next, as shown in Fig. 12, connecting
termnal 12 is formed on exposed face in opening 11 of insulating film®6 by
usi ng one of conductive adhesive, electroplating or electroless-plating.



Then as shown in Fig. 13, outer case 13 nmade from epoxy resin, good for 10
el ectrical insulation and resistance to humdity, is forned around
capacitor elenment 1 for protecting elenment 1 fromexternal stress, thereby
increasing the reliability Next, as showBin Fig. 14, first external
termnal 14 electrically coupled to alumnumfoil 2, and second external
termnal 15 electrically coupled to collector layer 10 are forned on outer
case 13, so that 15 capacitor elenment 1 js conpleted. It is desirable to

f or m connecdecammnsHpen) b dormonaaganase digxiflpatken she mendyetivgrralgmer is

el ectrodes 9 in qrder to_increase the connecting reliability between the
capaci tor deumedhycelsatreldic POl ATEMtOr el ectroni c conponents. 20 The
met hod di scussed abgve can readily produce the solid electro]lytic

capaci tors that 2&pllsetogils dexmed hiynaasecd suspsagionopiaiine partis earbornd
have a faster_response to a _high frequency. Exenplary Enbodi ment . 2 25 The
second exentthby eomdbiitivenadbesivpe Sﬁrlé‘@érﬁ sphdeslertgnlytic gapamtar havng a
herei nafter, with refeBence to Fig. .15 and Fig. 16 Etch .one of the surfaces
of al unPnuntewst| ESR shap, anathas, solid selegtrglytic rapppideriinamthich reamductiyet o
as porous segtion 3),. then fo,na{esif& Eiln14 on the porous section. Next,
formthrou peasisdirpetly grphigshte gplid 2 %tr‘&V%n pl aces, then form

insulating films_6 on.the non-porous face, (flat face) and on {he inner
val s of throughTh%ﬁggésfe & CRRAGILYr Qﬁ%nreaﬁ%t piyentignand amethgd of
coating 7 on porous section 3. Those steps afe the sane as those in the
first enbodinﬁg‘ﬁfa.wt‘l‘ﬁ’é‘rg the pame) ane; grons aF%{/BPr‘B‘nﬁgteF dY‘ﬁEd'eg?FeEF%lte ic
coating 7. At this tig;air?V\Den the through-hole is not less than 80 a m

across, sol3§OBPAYIY W& er 8 can be sometimes formed on insulating

film®6 _ prepared fn t%e fl.at fﬁge 10 of alum numfoil 2. This problem can be
overcor® byxearfay Bmbedimephdds: First, as shown in Fig. 15,

s soster o B BefofiRekty v wlrosefiner s e PR o
AR coiri S i oot gl
g 16, 1 GPReRBPEh atdasiie vith Bre frih PRPachRgRs of e ST Bh S en
et hod.  Next T PTGyt eaeaPRRE TR of Bhe soltd BRBRAPER PR G EorG! £kl BebPBae o
(71 m 175 s A B, GeBRabel sidby bt ly SPsGRIA Hebtrof HBR GHRE RIS T Bkoc e

of aluninuq#@ IJtof- As a result, an anode and a cathode can be positively
cltof, . !
separ at ed. en, prepare collector layer 10 on solid electrolytic |ayer 8

o aces on 25 i noise: RgrrFRE' of EREPLIRE. ool DbIBARE T o8, Bheftnly
2. Then o SRRRRCH Aokl fldyits, 82 HAS.PXARSS LGRS FieARG B a o

t hr ough- hol'e el ectrodes scusse OVE, second exenplar

enbodi ment GeOY i RufdiTAUEACS bl B0 0 el TBbIInEHER LERIH Fo as

capacitors, and the nmethod can prevent ectrolytic Tayer rom

reachi t i I h are
o 11 24, SR80 oL P ok e gl i M poRAPRA L vcel

enbodi ment @rohfE-HILESE h AlANERLIORII S a8 gIRASHIREE AR BIAANEATatihE Alms
reference to Fig. 17 and Fig. 18, which illustrate major steps of a nethod

f
of manuf actgiph RHe hBR-ForbUE @l Fhod) iahdleh SRPARIdrayS114 B ﬁfecﬂfrgﬁgﬁfhc%é. h
the third enmbodi ment.” Etch one of the surfaces of alum num foil to forma
porous secCtR&Move resist film 4 and form dielectric coating 7 on porous section 3. Then
form solid electrolytic layer 8 on dielectric coating 7 before through-hole
25  electrodes 9 are formed in through-holes 5. Next, collector layer 10 is formed

on solid electrolytic layer 8. Finally, form openings 11 on insulating film on

the flat face at given places, and form connecting terminals 12 at exposed



(hereinafter referred to as porous section 3), then formresist film4 on
the porous section. Next, formthrough-holes 5 in alumnumfoil 2 at given
pl aces, then forminsulating films 6 on the non-porous face (flat face) and
on 15 the inner walls of the through-hol 8. Renove resist film4 and form
dielectric coating 7 on porous section 3. Those steps are the sanme as those
in the first enbodinent. Then solid electrolytic |layer 8 is formed on
dielectric coating 7.. At this tinme, when the through-hole is not |ess than
80 ~c m acrigges okepanings ddianst throughchqlgplactepdesV.be soneti mes formed on
insulating filme6 prepared on the flat face of alumnpumfoil 2. This

probl em can be oRkvideroubsr cage 43|bkhedatrrahdaces anrd splogtor dayeyy 107 and

t hrough-hol e el ectrode 9 is formed in through-hole 5. As a material of

el ectrode dorwoAgstaxiernalnteyminat ol 4reand segpnd rertebralusermmalalbi srheresuch
as Ag paste and Cu_paste is filled inéo t hrough-hgl e 5, and then 25 cured.
Then as shdgamipakilg isigdectyinally equpled doyaluginnm foid 2 ensontesrasp 13 and
dielectric coat,inf 7. %gd coliector é}ayer 10 is fornmed _gn spolid .

el ect r oPyt i termapal 131s electricadbyheannled te pellector layes|18et dep iorm capmectingy om
bei ng formed on the 16 flat face of alumnymfoil 2. Through-hale

ol ectrode wEpp 18, beathean 1t w@a«@elfdpwgtwﬁest and |cannpeiing deTRiRALe kansPoi |
2 by the foll ow nq, t hod; After dielectric coating 7 is forned, second
resist fil rﬁhﬁq%o¥£?it?é’é¥°5ﬁ1‘i?@9é’ﬁﬁqrr1§ e of insulating film®6. Next, 5

t hrough-hol e electrode 9 is.fornmed in through-hole 5) .and solid

el ect ?ol ytic | aygrm@qusfaqt&rmgj lﬁﬁﬂ’tﬂdgloé'cmei %Obga@f%@ytlﬁ heapacgioreef dhe

| ayer 10 is formed on top.of that..Finally, second resist film17_is
oroved. THTSSHBY HOtPSHEh i fietalid boratnntbE TR HeseRo M BERoE rolhedAsn
the fl face of .alym num f oi |1 as throyugh-hgle electrqde 9 from
extend il Giovimdnr Fig hopie of doflp dhenfces 5 srehed Anaithe ofeviaie Hedomeson
insulating film®6 grepargd gn. alumnumfoil 2 by.YAG | aser., is i,s th
sane. pr ocadioral, BepRe il Ariscioter Shuadirhud saiion - « K Fhitab Bt o | <
avai | abl e: Bef or e_ti}nsul aghﬂgbfi I ?[)1 6 ils +B& igar ed, a_r.esist. §_ectti on is forned
i n advance QMG HEFOBI® fen P8 selagted dEam HmmersioR, firsqatg; ScFgpn
phot o- curabl e r.esi n, The resi.st 15 secti Vs renmoved af.ter,col | ectar,|ayer
" for med. RIMHDE | RyoPEensTaTe rnsRcabriind do RORAUE sEHORA BY 08¢ SE e ngs

L ond N oHBUBL St BUER o, S5 IR RIRHE oG B A R £
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Ebodi nont SRCRRGY SHRESRIReBn B IR bosuihagpbild, 0 PHETE) LY
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In accorda gié}’b%x%lém.f AP o EIHRAE HEHOd %ﬁfb{ﬁgﬁ Iﬁfm?%&:?Pflﬂg%ggrﬁggﬂés 5

al um num f ol orm a porous section relna to as

P A S, S0 S5l SO UBBRES b Ml

t hrough-holes 5 1n alumnhumto S, orm i nsulating

thr ougihnol Bec PRREBESOUERI PR Bt BEAOIERT by rdiPREls WA fottlralyle
and can form through-holes 5 as fine as not more than 100 u m across.

In the case of using the wet-etching, first, form resist film having
openings for through-holes on both the faces of aluminum foil 2, then form
holes by the wet-etching before the resist film is removed, thereby forming

25 through-holes 5. Further, chamfer the edges of through-holes 5 on porous

section 3 of aluminum foils 2 by the wet-etching, so that reliability of

insulating film 6 later formed is increased.



5 on porous section 3. Those steps are the sane as those in the first
enbodi nent. Then solid electrolytic layer 8 is forned on dielectric coating
7. At this time, when the through-hole is not | ess than 80 ,u m across,
solid electrolytic layer 8 can be sonetiiiks forned on insulating film®6é
prepared on the flat face 10 of alumnumfoil 2. This problemcan be
overcone by the foll ow ng nethods: As shown in Fig. 19, insulating film®é
is formed such that the flat face of aluminumfoil 2_is entirely covered
and first throughexblas shawn dpdieebeform inswgting coat hyr an plectro-gepesitiont o
fill up througﬁl-hole 5 conp| et el insulating filmé6 can be forned by
repeati ng enethod-sedhediinpulatyie ﬁmtﬁ genhe fosmed enpthe flatdpesel ahmlmuma ng
screen printi g or potting of the insulating resin. Next, as shown in Fig.
20, di el ectipild? agatalhas ¢n|tbeflnnﬁwaé1$ qfdmggghé@ile% 3The w&wt&dgn@smonn
Fig. 22, second through-holes 18 are forned in insulating film6.

structure prethot ean fimm adine andupiform flwy sgthatinsylatiog ﬁém@doemn%ﬁllf | at

face of alumnumfoil 2. 20 Steps follow ng the processes di scussed above
are t heDBsariep aBtiredole pebutceaysns prby therinner wallcific, after through-hol e

el ectrodes 9 are _fornmed in secgn through hol.es 18, col |l ect | ayer 10 is
prepar ed on soI i Bhesredstsonre pessihiliye that 1%’1@!‘?‘%}365& 151@313@?0[1'8?‘%%@)‘ ge§i ven

pl aces on| atin ilm6 prepared on al.um pum f i | The nnect.i ng
terninal s %ugla%?lﬁf ®ANtHe f;"p ger? dielectzic @@éma{é lﬁfbrmﬁrfl cha BHNLo| e
el ectrodes 9. dlscu ed above fourth exe enbodi ment provi des
a manuf act Jﬁlengﬁﬁﬁ H%c? tltVﬁet%éPl"(? gP’écPFQJH? L%i ingreasefn isHIAHGR can
18 i ncrease I at i i api | | ty between t hoI e .el ectrodes 9. and

al um num fo‘i 1téfnd01§1"és§ﬁt ingplating) ¥qsin op F rIBH%‘Hgn@“?@ %“3 rﬁ‘?f‘gs 11

| ater f rrred s t hat anpde and .t he cat.hode are, tivel rated. 5
| ndust r]1 al I%?&;S} %El ?4‘%’9“1%‘59 g‘&ﬁtﬂ%&{crﬁ% ﬁh‘glh?e‘%lﬁahom FReseqm; e’flﬁ 1é‘gent
i nvention can,r i manuf actyre the golid el ectrol capaci tors t

can be conn%tlf df‘?%é’f’}’?fnf‘g EEE% ot B0 g@ﬂﬁ%‘:’i a]g’(/ Ojv%t
response to (ﬂah freqﬁ r%c‘y as well as a large capaC| tance. 10 19 CLAI VS
1. A net hoop TRPLEPHRTREL% solid el ectrol ytic capacitor, the rret hod

0 0 %, B e LR TR B S b
e oy o BT 8 s
Form nq5st a’%%rémas%ge 5 v(igc%rs]ﬁ(:t I 5 T eproq]yrrr]l%lr t’f‘h‘?ammlcro-gel is hard to flow and
suitable for covering edges; however, in the case of providing electro-

deposition on the inner wall of through-hole 5 as fine as less than 100z m

across, more careful process is required because the mixed resin suitable for

covering edges sometimes makes the electro-deposition layer thick enough for

20 through-hole 5 to be filled up with the mixed resin. Thus the process of
forming insulating film 6 by electro-desposition is split into two steps. First,

provide thin resin of high resistivity as a first layer, then provide insulating

resin formed by mixing micro-gel, fine particles of carbon and fine particles of

titanium oxide, those materials suitable for covering edges, as a second layer.

25  As a result, insulating film 6 of fewer insulation defects is formed on the inner

wall of through-holes 5.

Next, as shown in Fig. 7, after resist film 4 is removed, anodizing in



10 external electrode is formed, wherein the dielectric form ng stage
conprising the steps in the order o (Al) etching one face of the valve
nmet al sheet for producing a porous section; 15 (A2) forming a first resist
filmon the face having the porous secti®8; (A3) formi ng a through-hole on
the porous face at a given place; (A4) formng an insulating filmon

anot her face, i.e., non 20 porous face of the valve netal sheet and on

i nner wall of _the through-hole; and (A3) forming a dielectric coating after
the first rasdist selutien gllowsolarmingndiedestricheoatingeh oy PORORY ssetdga 3 of
conprising the steps .of: %%-1) formng a . solid e]ectrolytic |ayer on the

di el ect ri c dyminyg fak2( pThepgsshoynin rﬁlgué,hsqld elegirebitiolayer @ isfermed

t hrough-hol e; and (B3) form ng a callector Layer, on the solid electrolytic
layer;  20°hMiglectiie peatirg m nalhisdakend s fgmedohy ipsming enpokymesss layer
(Cl) formng an opening at a_,given place on the insulating filmforned on

t he anot herUSiB&cd 6PNIUEALGH RPAYMET LONEHEANE & RErelachony sheh @ Bolypyikole iong
term nal. on exposed faces,  of the 5 openin nd the through-hol e el ectrode.
2. The Ret mﬂJY&mnhﬁm,aa;rtdm AGORPOSHHM 1 u&agrwm@ve&@&@nmo réhanm 1,
wherein the_ el enent formng stage_caonprises the steps in the order qf (Bl),
(B2) and (Hhpse ﬂ@soal.ssqthg%ﬁm Harpugh chams pmer%rqlﬁ c polymenzationg %fdlé
capacitor of clajm?2, wherein the el egent %ﬁr 'nq stage further conprises
the steps dllestphitisglayesdtsan hedpumed iBnelssbiohetts nolYmeriAgtion| o BEFOHE

step chemical polymerization after the conductive polymer is pre-coated by
chemical polymerization. The conductive polymer can be formed by
10 electrolytic polymerization after the suspension of powder of the conductive
polymer is applied and dried, or manganese nitrate is impregnated before
thermal decomposition, thereby forming manganese dioxide, then the
conductive polymer can be formed by electrolytic polymerization. There is
another established technique to form solid electrolytic layer 8: Manganese
15 nitrate is thermally decomposited to form manganese dioxide. This method
can produce a fine electrolytic layer, and adjust a thickness of the layer
arbitrarily, so that the productivity and reliability can be improved.

As shown in Fig. 9, the step of forming through-hole electrode 9 in
through-hole 5 is described. As a material of electrode 9, conductive adhesive

20 formed by mixing conductive particles such as Ag paste and Cu paste, is filled
into through-hole 5, and then cured.

As shown in Fig. 10, collector layer 10 is formed on solid electrolytic
layer 8. Collector layer 10 is produced by laminating carbon layer and Ag-
paste layer with conductive adhesive of which major components are

25 suspension of carbon fine-particles and Ag-paste. This structure allows
drawing electric-charges more efficiently.

As shown in Fig. 11, openings 11 are formed at given places on



(B1l); and 15 renoving the second resist filmfollowng step (Bl1). 4. The
nmet hod of manufacturing the solid electrolytic capacitor of claiml,
wherein the el enent form ng stage conprises the steps in the order of (B2),
(Bl) and (B3). 20 5. The nethod of nanuf&8turing the solid electrolytic
capacitor of claim1l, wherein the elenent form ng stage further conprises
the steps of: (B4) formng a second resist filmon the insulating film
before step (B2), and 25 (B5) renovingk%he second resist film. wherein the

el enent f orinPriating§imce ppepared amehe flasfachof phupingup fgil 4 mash Y@gplaserpy) |
(B3) and (B5). .21 6. The nethod of manufacturing the solid_electrolytic
capaci tor o &BEinding metdod; n Anathar methodifer fonmingoraniggs ilddpukeoraha
step of forming a third resist filman the anqgfhe fage ize.,rﬁﬁn-g’grous
face, simultesiEsastion atiirstoniaegivennlaco e the flatdace obabmmingndfoR dhege
conprises the steps in the_order of (Bl), (B2) and (B3), and _wherein the
term nal f pﬁmr@?gsagglay%m&@goner@e#é% sgetion Wﬁ&dr@‘f ﬁpaﬁyrrsgwé'@
film and 10 form ng an o,penidﬁg at a given place on the another face, i.e.,
non por 8us d‘@_smﬁ_onﬁﬁ@ FEERIAF manufacturing the solid electrolytic

St ep of form ng JO¥S AetARONT B FER. 14 ARBACNG LERBUHANY Bdgrupaen cxposod
o PO 0US 2SS, R 1P bR b5 B iR e 1
the term na) {2oplatig of dectrofest piating S'ePs ©f

Then as shown in Fig. 13, outer case 13 made from epoxy resin, good for

10 electrical insulation and resistance to humidity, is formed around capacitor
element 1 for protecting element 1 from external stress, thereby increasing
the reliability. Next, as shown in Fig. 14, first external terminal 14
electrically coupled to aluminum foil 2, and second external terminal 15
electrically coupled to collector layer 10 are formed on outer case 13, so that
15  capacitor element 1 is completed.

It is desirable to form connecting bumps 16 on connecting terminals 12
and through-hole electrodes 9 in order to increase the connecting reliability
between the capacitor and semiconductor components or electronic
components.

20 The method discussed above can readily produce the solid electrolytic
capacitors that can be directly connected to semiconductor components and

have a faster response to a high frequency.

Exemplary Embodiment 2
25 The second exemplary embodiment of the present invention is
demonstrated hereinafter with reference to Fig. 15 and Fig. 16

Etch one of the surfaces of aluminum foil 2 to form a porous section



20 renoving the third resist film and form ng an opening at a given place
on the another face, i.e., non porous face. 8. The nethod of manufacturing
the solid electrolytic capacitor of 25 claim1l, wherein the dielectric
form ng stage includes the step of form ¢ the insulating filmsuch that

t he non-porous face of the valve netal sheet is covered and the
through-hole is filled up with the insulating film 22 wherein the

el enent form ng stage conprises the steps.in the order of step (Bl); the
step of for(herginaftestsierred rtoudsh PRBIES pectioie 3)nhary fome iresist | fHlay 4uen ihen
the insulating film_ the step of formng {he through-hole electrode in the
second t hr GRFRUAOYestionnd Nexty fopm) thrpug -hﬁ@SnétWoallynlmf%it%ﬁtn@lvsﬁe
solid electrolytic capacitor_of claim], erein one of phgtosensitive
resin and d&ﬁé@s,\ﬁbepﬁgr@smgiw% fiimsn6 jon ORrPOLPNS Facei (%@tffams}m andong.
The met hod of manufacturing the solid electrolytic capacitor of claimJl,
wher ei n t hethegiaginer wallsrof ghy olgs 5 rRemeve sesistfikn 4 apd form gledeqiric
consi sti_ng of imrersion, spin_coating, screen printing, and film

| ani nat Png. copingrh ONRANYY SEELioR Puf é@mﬁisﬁgps e the same axtheseyin the first
capacitor of 15 claim11, wherein step (A3) includes applying photoresist on
both the fRIBBOGMeNe porous valve netal sheet, and wet-etching a patterned

€
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groUp 20 consL st ol LARSLAPERD It Lng, pUIED D, O LR %e A0y
oY BBl Lol LSS50 AP st B Aoy
met hod l%f nc?ina"i]:x%ﬁgxld;ril ?(gl Eh e’ﬁl?sls Lgob%glcga{r? Lgtoivgrc%%?g Biyttﬁre fglflowing methods:
First, as shown in Fig. 15, photosensitive resin is applied on insulating film 6
by one of immersion, spin-coater, or screen-printing, then the photosensitive
resin is cured for obtaining second resist film 17. Another way is this:
adhesive organic film 6 can be used as second resist film 17. In this case, the
15  organic film is formed on insulating film 6 by a film bonding method. Then
as shown in Fig. 16, form holes on second resist film 17 in given dimensions at
given places corresponding to through-holes 5 by a photo-process or a
machining method.
Next, form solid electrolytic layer 8 and through-hole electrode 9 by the
20 same methods as the first embodiment, then remove second resist film 17, so
that solid electrolytic layer 8 is not formed on the flat face of aluminum foil 2.
As a result, an anode and a cathode can be positively separated.
Then, prepare collector layer 10 on solid electrolytic layer 8 by the same
method as the first embodiment, and form openings 11 at given places on
25 insulating film 6 prepared on the flat face of aluminum foil 2. Then form

connecting terminals 12 on the exposed faces of opening 11 and through-hole

electrodes 9.



23 claim1l, wherein step (A4) uses an el ectro-deposition nmethod to formthe
i nsulating flm15. The nmethod of manufacturing the solid electrolytic
capacitor of 5 claim 14, wherein step (A4) includes formng insulating
resin as a first layer; and forming insullating resin as a second | ayer by
m xing mcro-gel, fine carbon particles and fine particles of titanium

oxi de. 16. The nethod of manufacturing the solid electrolytic capacitor of

10 claim 1, wherein_step (B2) uses conductive adhesive tq formthe,
el ectrode. 17. The %ﬂﬁ%doﬁ%%ﬁ%tﬁ%ﬁ) PieaRlgry qewbegiment threvidesaai t or

of claim1, wherein ste Cl) j§ carrjed out by one of |aser-bea chi ni ng
and gri ndi ﬂganyﬁac'fsrma@egm%@ﬁaﬁ Sohichglegolyty ARACEXB) @%&%@pae
capacitor of claim1, erein . step ( uses conductive adhesjve to form
Che ¢ er m ndtteveBts Jelid V@@%@ﬁl&f&m?tlﬂﬁ%ﬁéqrarneﬁaﬁ&%t%vwngﬁ iaé?lg/%qrenei
capacitor of 20 .claim1l, wherein st C2) i,s carried oyt by at |east one
of el ectro- éﬁtﬁbem Iaét‘ﬁllﬂ Oﬁgé’t&?ﬁ}g??’lt%ﬁy?ﬁ%a%?;iod of manufacturing
the solid electrolytic capacitor of claim1, wherein step (Bl) uses a
conposi i on i ncl udi ng a conductive polyner 25 to formthe solid

oL L) e BB o e o0 S oL
polyrer contal igg, @Bl SSbt Sy S bari o8, the LSS VR o0
R A P LR TR SR RS T S
1, wherein 5 CPeatE thjdr" S8t a0 Hieehdd %of® M afhcturiiy Hhle"So1fd PRI Bic
10 capacitors in accordance with the third embodiment.
Etch one of the surfaces of aluminum foil 2 to form a porous section
(hereinafter referred to as porous section 3), then form resist film 4 on the
porous section. Next, form through-holes 5 in aluminum foil 2 at given
places, then form insulating films 6 on the non-porous face (flat face) and on
15 the inner walls of the through-holes. Remove resist film 4 and form dielectric
coating 7 on porous section 3. Those steps are the same as those in the first
embodiment.
Then solid electrolytic layer 8 is formed on dielectric coating 7. At this
time, when the through-hole is not less than 80 x m across, solid electrolytic
20 layer 8 can be sometimes formed on insulating film 6 prepared on the flat face
of aluminum foil 2. This problem can be overcome by the following methods:
As shown in Fig. 17, through-hole electrode 9 is formed in through-hole 5. As
a material of electrode 9, conductive adhesive formed by mixing conductive
particles such as Ag paste and Cu paste is filled into through-hole 5, and then
25 cured. Then as shown in Fig. 18, solid electrolytic layer 8 is formed on
dielectric coating 7, and collector layer 10 is formed on solid electrolytic layer

8. This method prevents solid electrolytic layer 8 from being formed on the



10 of powder of the conductive polyner, and providing electrolytic

pol yneri zation on the polynmer film 24. The nethod of manufacturing the
solid electrolytic capacitor of claiml1l, wherein step (Bl) includes form ng
the solid electrolytic |ayer 15 conprisi d§ nanganese di oxi de by thermally
deconposi ng manganese nitrate. 25. The nethod of manufacturing the solid

el ectrolytic capacitor of claim24, wherein step (Bl) includes form ng
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manufacturing method of the solid electrolytic capacitors, and the method can

prevents solid electrolyte from infiltrating into openings 11 later formed, so

20 that the anode and the cathode are positively separated.

Exemplary Embodiment 4
The fourth exemplary embodiment of the present invention is
demonstrated specifically hereinafter with reference to Fig. 19 through Fig. 22,
25 which illustrate major steps of a method of manufacturing the solid
electrolytic capacitors in accordance with the fourth embodiment.

Etch one of the surfaces of aluminum foil 2 to form a porous section
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then form insulating films 6 on the non-porous face (flat face) and on the inner
walls of the through-holes. Remove resist film 4 and form dielectric coating 7
5 on porous section 3. Those steps are the same as those in the first
embodiment.

Then solid electrolytic layer 8 is formed on dielectric coating 7. At this
time, when the through-hole is not less than 80 u m across, solid electrolytic
layer 8 can be sometimes formed on insulating film 6 prepared on the flat face

10 of aluminum foil 2. This problem can be overcome by the following methods:
As shown in Fig. 19, insulating film 6 is formed such that the flat face of
aluminum foil 2 is entirely covered and first through-hole 5 is completely filled
up with film 6. In order to fill up through-hole 5 completely, insulating film 6
can be formed by repeating electro-deposition of insulating resin several times,

15 or using screen printing or potting of the insulating resin. Next, as shown in
Fig. 20, dielectric coating 7 is formed on porous section 3, then as shown in Fig.
22, second through-holes 18 are formed in insulating film 6. This structure
prevents solid electrolytic layer 8 from being formed on the flat face of
aluminum foil 2.

20 Steps following the processes discussed above are the same as the first
embodiment. To be specific, after through-hole electrodes 9 are formed in
second through-holes 18, collector layer 10 is prepared on solid electrolytic
layer 8, and openings 11 are formed at given places on insulating film 6
prepared on aluminum foil 2. Then connecting terminals 12 are formed on

25  exposed faces of opening 11 and through-hole electrodes 9.

As discussed above, the fourth exemplary embodiment provides a

manufacturing method of the solid electrolytic capacitors. The method can
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5 Industrial Applicability
The manufacturing method disclosed in the present invention can
readily manufacture the solid electrolytic capacitors that can be connected
directly to semiconductor components and have a faster response to a high
frequency as well as a large capacitance.

10
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an element forming stage where a solid electrolytic layer and a
collector layer are formed on the dielectric coating, and
a terminal forming stage where a connecting terminal to an
10 external electrode is formed,
wherein the dielectric forming stage comprising the steps in the
order of:
(A1) etching one face of the valve metal sheet for producing a

porous section;
15 (A2) forming a first resist film on the face having the porous
section;
(A3) forming a through-hole on the porous face at a given
place;
(A4) forming an insulating film on another face, i.e., non-
20 porous face of the valve metal sheet and on inner wall of the through-hole; and
(A5) forming a dielectric coating after the first resist film is
removed,
wherein the element forming stage comprising the steps of:
(B1) forming a solid electrolytic layer on the dielectric coating;
25 (B2) forming a through-hole electrode in the through-hole;
and

(B3) forming a collector layer on the solid electrolytic layer;
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3. The method of manufacturing the solid electrolytic capacitor of
claim 2, wherein the element forming stage further comprises the steps of:
forming a second resist film on the insulating film before step

(B1); and

15 removing the second resist film following step (B1).

4. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein the element forming stage comprises the steps in the order of
(B2), (B1) and (B3).
20
5. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein the element forming stage further comprises the steps of:
(B4) forming a second resist film on the insulating film before
step (B2), and
25 (B5) removing the second resist film,

wherein the element forming stage comprises the steps in the order of

(B4), (B2), (B1), (B3) and (B5).
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third resist film on the another face, i.e., non-porous face, simultaneously with
5 step (A2),
wherein the element forming stage comprises the steps in the order of
(B1), (B2) and (B3), and
wherein the terminal forming stage includes the steps of:
removing the third resist film; and
10 forming an opening at a given place on the another face, i.e., non-

porous face.

7. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein the dielectric forming stage includes the step of forming a
15  third resist film on the another face, i.e., non-porous face, simultaneously with
step (A2),
wherein the element forming stage comprises the steps in the order of
(B2), (B1) and (B3), and
wherein the terminal forming stage includes the steps of:
20 removing the third resist film; and
forming an opening at a given place on the another face, i.e., non-

porous face.

8. The method of manufacturing the solid electrolytic capacitor of
25 claim 1, wherein the dielectric forming stage includes the step of forming the
insulating film such that the non-porous face of the valve metal sheet is

covered and the through-hole is filled up with the insulating film,
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up with the insulating film; the step of forming the through-hole electrode in

the second through-hole; and step (B3).

5
9. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein one of photosensitive resin and adhesive photosensitive film
1s used as the resist film.
10 10. The method of manufacturing the solid electrolytic capacitor of

claim 1, wherein the resist film is formed by a method selected from the group

consisting of immersion, spin coating, screen printing, and film laminating.

11. The method of manufacturing the solid electrolytic capacitor of
15 claim 1, wherein step (A3) includes applying photoresist on both the faces of

the porous valve metal sheet, and wet-etching a patterned opening.

12. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (A3) is carried out by a method selected from the group
20 consisting of laser-beam machining, punching, drilling, and electric-discharge

machining.
13. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (A3) further includes chamfering edges of the through-

25  hole formed on the porous face.

14. The method of manufacturing the solid electrolytic capacitor of
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15. The method of manufacturing the solid electrolytic capacitor of
5 claim 14, wherein step (A4) includes forming insulating resin as a first layer;
and forming insulating resin as a second layer by mixing micro-gel, fine

carbon particles and fine particles of titanium oxide.

16. The method of manufacturing the solid electrolytic capacitor of

10 claim 1, wherein step (B2) uses conductive adhesive to form the electrode.

17. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (C1) is carried out by one of laser-beam machining and
grinding.

15
18. The method of manufacturing the solid electrolytic capacitor of

claim 1, wherein step (C2) uses conductive adhesive to form the terminal.

19. The method of manufacturing the solid electrolytic capacitor of
20 claim 1, wherein step (C2) is carried out by at least one of electro-plating and

electroless plating.

20. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (B1) uses a composition including a conductive polymer

25  to form the solid electrolytic layer.

21. The method of manufacturing the solid electrolytic capacitor of
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22. The method of manufacturing the solid electrolytic capacitor of
5 claim 1, wherein step (Bl) uses at least one of a chemical polymerization

method and an electrolytic polymerization method.

23. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (B1) includes forming a polymer film using suspension
10 of powder of the conductive polymer, and providing electrolytic polymerization

on the polymer film.

24. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (Bl) includes forming the solid electrolytic layer

15 comprising manganese dioxide by thermally decomposing manganese nitrate.

25. The method of manufacturing the solid electrolytic capacitor of
claim 24, wherein step (B1) includes forming conductive polymer by
electrolytic polymerization following the process of forming the manganese

20 dioxide.

26. The method of manufacturing the solid electrolytic capacitor of
claim 1, wherein step (B3) uses suspension of fine carbon particles, and
conductive adhesive to form the collector layer.

25



