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CAPACI TOR ITL{1LErrrrrerrerrerrrerrerrrrrrrrerrerrr *000002* 5 TECHNI CAL
FI ELD The present invention relates to a capacitor for use in various—kinds
of electronic apparatus. Mre specifically, the present invention relates

to a capacitor on which a sem conductor el enment can be MMM mﬂwmﬂ ‘mctly.
10 BACKGROUND ART A typical of capacitors having | arge ¢ s the

electrolytic capacitors. An electrolytic capacitor conprisegssgpositive
el ectrode el enment fornmed of suchDHSCRFEPTHINe netal as al um num tantal um
a dielectric |ayer covering the surface of the elec

el ectrolyte layer formed of 15 functional polyner, mangana m\mmmw\metc
provi ded t hereon, and a negativeclgl eété&dle Isﬁyer for med m“

. surface of the solid electrolyte™-l Q’e L.

protective material, and termnals are provided at both ends 8 the nol ded

. elenment. The above-descri bed conventional solid electrolytic capacitor has

entirely nolded,

a 20 sha@ECHNICAT PIERpPaci tor and are nounted on the_ surface of a circuit
board, in the sanme manner as the resistors and ot her inductance

conponents. As dhegwesentahveiitton nelateastory casyvidonfor ysefin dagious/kisdy 6£i t s,
el ectronic, conponents used in the circuit are requested to have a fast
hi gh freqGelipniG apparates. Mowsy specificall kb the -presemi instentionv eglatesntd 4 ype of

solid 25 ol yti acitorsg surf ce rmun ed on a Cij rcu t board
t oget her \%Lf%m 0% "Xﬁﬁﬁd&e&wg@ﬂgﬂf Sl Gagy ep‘F‘Bb‘Pffé‘ brcuit with a
satisfactory performance of the high frequency response.

( )
10 BACKGROUND ART

A typical of capacitors having large capacitance is the electrolytic
capacitors. An electrolytic capacitor cofnprises a _positivc.electrode element
formed of such porous valve metal as aluminum, tantalum, a dielectric layer
covering the surface of the electrode element, a solid electrolyte layer formed of

15  functional polymer, manganese dioxide, etc. provided thereon, and a negative

| _ electrode layer formed on the outer surface of the solid electrolyte layer. It is

entirely molded with a protective matefial, and terminals are provided at both
ends of the molded element.

The above-described conventional solid electrolytic capacitor has a

20  shape of a chip capacitor and are mounted on the surface of a circuit board, in
the same manner as the resistors and other inductance components.

As a result of the incréasing popularity of digital circuits, electronic
components used in the circuit are requested to have a fast high frequency
response. However, the above-described conventional type of solid

26 electrolytic capacitors surface mounted on a circuit board together with
semiconductor elements does not provide the circuit with a satisfactory
performance of the high frequency response.

Another problem with the conventional electrolytic capacitors is that

they employ an oxide layer provided through an electrolytic process for the



~ 'Another problemwith the conventional electrolytic capacitors is that they
enpl oy an oxide | ayer provided through an electrolytic process for the 2
di el ectrics, which layer is weak against a nechanical stress and the
capacitors have the polarity. These negative factors are inconvenient in
nounting the capacitors on a circuit board. The present invention
addresses the above-described problens and ains 5 to elimnate the
drawbacks. A capacitor of the present invention facilitates nounting of a
senm condushiedectsicsnwhichilayectis weak agamst pomchdritabstrésseands thie oifor¢ he
capacitor ,to pkovi e.a superior high frequency response. DI SCLOSURE OF THE
| NVENTI oNhage Ahe polatityer Hheseniegntiveefactors arat insaneempnt seaneunting the net al
sheet, an trode sect.jpn . provided on the porous netal sheet, an

. organic dF8§%§§¥58“ﬁ598?"{ﬁ?%#rded on the porous netal sheet, a solid
el ectrolyte | ayqgf | . | ' riC 4l.a an electrode.

. layer provided gglet rgyéslgﬁﬂvdagf%g?drdg%#g%f%@%‘fé'gg%rg)%diq{éﬁfemﬁ ?fQCFM ection
| ayer soves ielgninate e dfavwbadkace &fcapb&t&oﬁttwgﬁweﬁt ifﬂ?@nthﬁ? vl &litdies
protection layer is provided, in at [east one surface of the top and the
bottom wmduntingoofha heeimesondirator rejembet elirectlyode heaps qrovidddhen elect rode
| ayer. Each of %Ee respective through holes is provided with a conductor
el ect ri cafVEfackohther@pagitehtoproyide 2 Repasiasdiigh drequency eesponse.he el ect r ode
| ayer, while it is being insulated fromthe rest of the |ayers. Bunps 20
for connection are provided on the conductor protrudi ng above the

i nsul ati nEIS@L@WNEﬁOF”PWIN@E‘N’ﬂr to be connected w th sem conduct or
¢

¢lements or ot her I p conponents. Sem conductor el ements and vari ous

ki'ndsl®f chip eocgmiitor of the phesefibitivetloR RokfRisey AYForBh® Yicl Sk Hagt, Lhe
surface of a capacitor of the present invention; which enables a

seni conduelestrode seetion provaded 6ndhe poraus mbtal sheetsaperganic dieledteictagér
frequency_response. BRI EF DESCR Pgl ON OF THE DRAWNGS FIG 1 A perspective
Vi o of - PESREH DPolE AP anElh #belor Folid Clectrolyte layer provided on the

organic dielectric layer, an electrode layer provided on the solid electrolyte
| layer and an insulating protection layer covering the outer surface of the
15  structure. The insulating protection layer is provided, in at least one surface of
the top and the bottom, with through holes reaching the electrode section or the
electrode layer. Each of the respective through holes is provided with a
conductor electrically connected with eithcr. the electrode section or the.
electrode layer, while it is being insulated from the rest of the layers. Bumps
20  for connection are provided on the conductor protruding above the insulating
protection layer, and are to be connected with semiconductor elements or other
chip components. Semiconductor elements and various kinds of chip
components can be mounted on the bumps provided on the surface of a
capacitor of the present invention; which enables a semiconductor device, or a

25  circuit, that is superior in the high frequency response.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 A perspective view of a solid electrolytic capacitor in

- accordance with a first exemplary embodiment of the present invention.



- 'accordance with a first exenpl ary enbodi nent of the present invention. 3
FIG -2 A cross sectional view of the solid electrolytic capacitor. FIG 3
A cross sectional view of a porous netal sheet. FIG 4 A cross sectional
view of the porous metal sheet with an 3electrode section fornmed thereon. 5
FIG 5 A cross sectional view of the porous netal sheet with a resist

| ayer fornmed thereon. FIG 6 A cross sectional view of the porous netal
-sheet with an orgianic dielectric layer forned on the resist layer. FIG 7

A cross secti di8l. 2vi Averess sectionabivismeof thel splid ¢legteolytiorcapacitor. i | 10 the
organi c di el ect rl}lff,} | ay&r. FIG 8 A]cr.oss sectional view of an el ectrode
| ayer formed onHlfe3 sfisr@sesestional yiew phg peroys metah sheetr oss sect i onal vi ew
wi th holes for FIG,1 s sectjonal .view with an insyl atjon |ayer
_fornmed in the n?gGhSi e Iﬁq&é %&8%’@0%@%8&‘#18”%@0\%6%6 tsé‘reetjﬁ‘é‘ b s
| ayer was el @it Gectibhh ornied hefddassS sectional view with an insulating
. protection layer fornmed. FIG 13 A cross sectional view with hol es

provi ded in theHIGsYl ani o@ss 36ctivmal &iéw T thayiroud histall¢hebt Wifls s régst i onal
view with a conductor formed in the hole. FI'G 15 A cross sectional view

wi t h bunpdayesfompedtheréan forned on the conductors. FIG 16 A cross
sectional view %bg é}erm’ nals formed aon the side face 25 of the insulating
protection | ayef10F |G A Frass sectionad siewnaf the chprens ongtal sheahpyith em por ous

metal s h%?éanic dielectric layer formed on the resist layer.
FIG. 7 . A cross sectional view of a solid electrolyte layer formed on
) 10  the organic dielectric layer.
FIG. 8 A cross sectional view of an eleétrode layer formed on the
solid electrolyte layer.
FIG.9 A cross sectional view with holes formed.
FIG. 10 A cross sectional vieW with an insulation layer formed in thé
15 hole.
| FIG. 11 A cross sectional view after the resist layer was rembved.
FIG. 12 A cross sectional view with an insulating profection layer
formed.
FIG. 13 A cross sectional view with holes provided in the insulating
20 _ protection layer. |
FIG. 14 A cross sectional view with a conductor formed in the hole.
FIG. 15 A cross sectional view with bumps for connection formed on
the conductors.
FIG. 16 A cross sectional view with terminals formed on the side face
25 of the insulating protection layer.
FIG. 17 A cross sectional view of other example of porous metal
sheet.
FIG. 18 A perspective view of a capacitor in accordance with a

second exemplary embodiment of the present invention.



. having a large surface area may be use

'FI'G 18 ‘A perspective view of a capacitor in accordance with a second

exenpl ary enbodi nent of the present invention. 4 FIG 19 A cross sectional
vi ew of the second capacitor. FIG 20 A perspective view of a capacitor in
accordance with a third exenplary enbodi nent of the present invention.

FIG 21 A cross sectional view of the third capacitor. 5 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON First Enbodi nent A capacitor in accordance with
a first exenplary enbodi nent of the 10 present invention is described

bel ow referri ngFXG ifle Araosnspetiornlyiew obthe soeonpeapacitervi ew show ng an
exanple of a ca itar of the resent jnvention, while FIG 2 is Cross
secm)onal vi ew @?& h@ FPQﬁtR’e ﬂsweiafar?@p@fatqnl@a%omcpmt ha théquDOI’OUS

net al she 0 urfac ed alumnumfoil, or a sintered
. body of 8% rﬂlp &\gg'ﬁ) Jl?%8f8€f lW‘f’rﬂ%{h el ectrode sectlon 2 on the

surface. Besi deFIGhQIabRV&ers%%hbHEIdvmgﬁ(%ﬂh'e% aag{rous metal material

rous metal sheet. The
porouss netal sheet itself may be used for the eI ectrode section 2, or a
| ayer of gold, copper, nickel or other nmetal may be fornmed on the porous
20 netal sheet foBESEMWDIHEOR CARRYING QREF dHEENVENTEONet al sheet i's
made of a sintered body of netal powder, surface of the sintered body

itself nay be used for the purpose, or gold, copper, nickel, tantalum or

ot her ttered or vacuum deposited on the surface to forma
| ayer. A g‘éf{%}hbl%%l?ggfyte | ayer 4 is provided on an organic dielectric

layer 3 of 25 Aueﬁpﬁm@rinaﬁc&aﬁlaee@m RriirfkNexbin Pargqar S’c;]lﬁ{bntt'}ﬁ fiur face

pf) the porous netal” sheet 1, as-well as on a sur e pores 1Inside.
The sHl i dpedsent inokytien hsa&egcrlbédd)@lb\beefwmng te che drattiggd.or m of a functi onal
polyner such as P 3! ﬁg rarlg)cl,r(;)pectlve view showing an example of a capacitor of the
present invention, while FIG. 2 is a cross sectional view of the capacitor.
Referring to FIG. 1 and FIG. 2, a porous metal sheet 1 formed of a one-
surface etched aluminum foil, or a sintered body of metal powder, is provided
15 with an electrode section 2 on the surface. Besides the above-des_cribed
material, any porous metal material having a large surface area may be used for
the porous metal sheet.
The porous metal sheet itself may be used for the electrode section 2, or
a layer of gold, copper, nickel or other metal may be formed on the porous
20  metal sheet for the purpose. In a case where the porous metal sheet is made of
a sintered body of metal powder, surface of the sintered body itself may be used
for the purpose, or gold, copper, nickel, tantalum or other metal may be
sputtered or vacuum deposited on the surface to form a layer.
A solid electrolyte layer 4 is provided on an organic dielectric layer 3 of
25  such as an acrylic resin or the like formed on the surface of the porous metal
sheet 1, as'well as on a surface of the pores inside. The solid electrolyte' layer
4 can be provided in the form of a functional polymer such as polypyrrole,
polythiophene or the like, prepared by a chemical polymerlization, or an

electrolytic polymerlization.



_ 'pol yt hi ophene or the like, prepared by a chenical polynerlization, or an
el ectrolytic polynerlization. 5 An electrode layer 5 is fornmed on the
solid electrolyte layer 4. The electrode |ayer 5 may be provided by
adhering.a copper foil or other netal f®il, or by applying a conductive
paste, on the solid electrolyte layer 4. An insulating protection |ayer 6
covering the entire structure may be 5 formed by nol ding, coating or

di ppi ng using an epoxy resin, for exanple. The insulating protection |ayer
6 on the el ectrddecleglrede dayer prisvormed om the solibletectrolytedlaybe 4i ndieat i ng

tecti | ayer .6, the el ectrod er 5. the dielectric layer 3 and the
E (r)loi gce: ggkﬂ%@? éabfeaﬁ’rnad I%E’Bmﬁllm @%admlng # qopper £oil orgthargnetal foilg are
f db . ser t.chi upchi r other. 10 . methods. An
L (rjlgmaat i ﬁﬂpﬁgﬁép%n@@g}iﬁta&%}%&gﬁ (Frh rsqﬂg\ éf]e tFOItyﬁeélar¥8f é 8. A conductor
10 is provided F ' ' al : ' L at. | ayer
9. The' conduct of T SRR b P IRY & ERGENE the Rty SunChEL BheThe, ' The
el ect rpdefdrayeer bﬁmdlﬂinlgﬁrcbdﬂﬁldgwﬂdiwﬁlog udidgian dpvyhreki, for §x:ﬁi10§1@t rically
coupled 15 with the electrode section 2. On the conductor 10 exposed on
the surface of The insatingiprgtestiondeyémf on slye eletrodedayer 5]1sfp|u°ovi:¢udnect i on
I's provided, the bunp heing forned of a . solder, gold, tin, silver, etc..
Nu ntF;er anythyg dgle léi @BH ¢ ipfeagpgprotection; layere, ﬂ'\‘;ﬁ glectrade dayger 3, the
em cond t,t0 b Nt | [ thereon, or .there. are 20 re
?lunber 01ch 8{98%%@ ?ﬁfﬁ%} %d’%ﬂsﬁ‘ﬁs%.‘ %ngté@tsﬁ%fla)ﬁ{e 86%!?(%‘?‘88&%@&235% " the
sem condugherhdibeeng Aeetdmicd Wyt RRGnSOMNIARY hbag CRLRLARS, of BierCer am ©
tapacitors, chip i Aduct ance el engnts and ot her’ chip %’oﬁponengs, in addition
to tlee sewtloalsductor element. Terminals 12, 13 are fornmed on the side and

bottom surfaces of the 25 insulatiing protection |ayer 6, coupled
respectivel y wifR mnsulatioaclaysad isferme padan tinncewadk obdhe dwdei%n A.

conductor 10 is provided by copper-plating on an inner wall of the insulation
layer 9. The conductor 10 formed in the hole 7 is electrically coupled with the
electrode layer 5, while the éonductor 10 in the hole 8 is electrically coupled
15  with the electrode section 2.
On the conductor 10 exposed on the surface of the insulating protection
layer 6, a bump 11 for connection is provided, the bump being formed of a
solder, gold, tin, silver, etc. Number and layout pitch of the bumps 11 coincide
with those of a semiconductor element to be mounted later thereon, or there are
20  more number of bumps. The bumps 11 in excess of the counterpaft bumps in
the semiconductor element are for further mounting chip resistors, éhip ceramic
capacitors, chip inductance elements and other chip components, in addition to
the semiconductor element. |
Terminals 12, 13 are formed on the side and bottom surfaces of the
25  insulating protection layer 6, coupled respectively with the electrode layer 5 and
the electrode section 2.
Thus, mounting a semiconductor element direcﬂy on a surface of the
capacitor eliminates wiring patterns on a circuit board and improves high

frequency response of a semiconductor device extremely.



'Thus, mounting a semiconductor elenment directly on a surface of the
capacitor elimnates wiring patterns on a circuit board and i nproves high
frequency response of a sem conductor device extrenely. 6 Wen a
one-surface-etched alum numfoil is usegl for the porous sheet 1, production
facilities, technol ogies and know how for the production of alumnumfoils
for electrolytic capacitors established and already at hand, can be
utilized as they are. Nanely, a sheet -1 having specific etching pits can be
5 obt ai ned easi K’Vh@ya@ncmunélccmclmdﬁhlmnumoﬁoﬁl inasedh formthegorousishaet 1,

surface. _Thus it praoyides an inproved..productivity with the solid
el ectrol yPf “(,Cgﬁﬁci%?%‘ gies, viF“E}HUﬁBgWéwaﬂﬁv@PWeh‘i"é’ dr 1 the productionnof

facilitie en | pt ered, body of t al r s used for, the, porous
sheet 1, g%‘%&%-?%ﬁsegoroilefﬁgpy%iée‘faé)@f:nﬁpﬁsseingvﬁsﬁ’&f‘eaﬁgﬁﬁ?%‘]x ﬁi:i‘%%@?ecaé‘t atic
capaci tan 7 It r : e.0of

al um num fggiu?lfhzg(ri a%&gezi%ﬁ?ergrg Pﬁg’oijgﬁ%mng‘? Va‘iﬂ%g%b\?gg?c, éiéili %ggg gi'l rlf&he

el ect rpdeobiiddvaslly bhe¢tehing he akesing 6 HEviv anmagklidn ehe surfakal | ayer
for the el ectrode section 2. Thus the nunber of constituent conponents is
reduced, Thus pirprovideaswan improviedprodwctjvignwitht the sokid elédiragtiacapagitors, f act or

in cost. If _a layer, of gold, copper,. nickel, or other netal is provided as
the posi Pithoutpewiipyegments onthoprductien facilitiés-sheet 1 at the surface on

il eh i he Sonahala M RTE s RoSERARERE Aukel HEEl LR MBS

o O A il QLIRSS SR GRS SRR

capacia or cdpmeitog a | ow inpedance, nanmely a capacitor having a faster high
frequency . response, is obtained. Nowin the follow ng, an exenplary

met hod of manuf Hextheimerea velsgn @ne xurface cofr ey alumionpu foif,oor the sieredesent

| nventi On‘b(i)éy% Srr(ier:tia %((j)w .ei,hisruesfe ' oir riﬂe te?eciti]oede section 2, there is no need of
forming an additional metal layer for the electrode section 2. Thus the number
of constituent components is reduced, the productivity is improved, and it is an

15  advantageous factor in cost.

If a layer of goid, copper, nickel, or other metal is provided as the
positive electrode section 2 on the porous sheet 1 at the surface on which the
conductor 10 is formed, a connection reliability between the conductor 10
formed in the hole 7, 8 and the electrode secﬁon 2 is improved.

20 If such electronic conductive polymer as polypyrrole, polythiophene or
the like is used for the solid electrolyte layer 4, a capacitor having a low
impedance, namely a capacitor having a faster high frequency response, is
obtained. |

Now in the following, an exemplary .method of manufacturing a solid

25  electrolytic capacitor of the present invention is described with referring to the
drawings.

In the first place, a one-surface etched aluminum foil, as shown in FIG.

3, is prepared for the porous sheet 1. Such aluminum foil can be readily

available by etching an aluminum foil with a mask on one surface.



‘drawi ngs. In the first place, a one-surface etched alumnumfoil, as shown
in FIG 3, is prepared for the porous sheet 1. Such al um num foil can be
readily available by etching an alum numfoil with a mask on one surface.
7 As shown in FIG 4, the electrode segtion 2 of copper is formed covering
the entire surface of the alumnumfoil. The el ectrode section 2 may be
provi ded t hrough sputtering, vacuum deposition. As shown in FIG 5, a
resist layer 14 of chemicals resistant photo-resist, 5 masking tape or the
like materials iAs phowindéd Hfy.t 4e thoredectradeesectiom? tofiecopperf isc éormxed udi ng
t he etched surface. Then, the alumnpumfoil_ is dipped in a solution

cont ai ni nGOXARG the etire suyfacerof the aluminimdedsi (hhegeleetsodsy seotion Yimaectri c

| ayer 3 o ithout the resist layer. .14, as shown in FIG 6. 10 The
sheet wit @eﬁggﬁﬁgltﬁf&qqgi%csguhggpgqu?u&? ﬂﬁé 11803 sol uti on cont ai ni ng
pyrrole, and th | i | L] ; a_thin
pol ypyr r ol e I a;?([ahr éﬂg)r@% ﬂgtglgegghcfe(rg%ﬂ@ﬁ% @%%{ééﬁgﬁ? l%‘%lnf[ @)ﬁl?}(ﬂ Eﬁsfk\%’
pol ynes i zatdsking Tdpe of HREUiKe flatdi iy BY prel RlelayiPthé ?0&8@1 SHEAPEGrl the?-
solution containing pyrrole. to get a thick polypyrrole |layer formed on the
pol ypyr r olsarfhce exclbgingrthe letchtedstuyfaice. 15 pol yneri zation using the '
polypyrrole | ayer as the + electrode and the electrode in the solution as
the - el ect r ode TheRe thehplumigym, §9il 1% dépped, i aj splutien) coptaining ams acrydic
el ectrolyte.l aver, 4 shown in FIG. 8. opper el ectrode | ayer S
adher ed o%eestlﬂzgrsgllemo%pgéﬁn&\}Fé’r_g%@}&dlﬁl%ﬁﬁl(ﬁﬁé@ﬁgt% L AT PRt ng
then as shoys 1hier1SCasRhotviaGn Fi6;. @ ectrode layer 5 is provided with holes 8
'gn‘) a depth reac%i:.rng ’taﬁe g ec'?r ogie%lsection 2. A required nunber of the holes
“arel@rovi ded THerdhebnsdth theadicRictric kaeirf3 Rddippedtih @solutién Joavining Fl G

10, insulation layers 9 are provided by el ectro- depositing an insulating
resin on PHEOlGkad then in asplution ¢itaingng an oxidizer to form a thin polypyrrole

layer on the dielectric layer 3 by a chemical oxidizing polymerization. The

sheet with polypyrrole layer is then dipped in a solution containing pyrrole to

get a thick polypyrrole layer formed on the polypyrrole layer by an electrolyﬁc
15 polymerization using the polypyrrole layer as the + electrode and the electrode

in the solution as the - electrode. The thick polypyrrole layer is used for the

solid electrolyte layer 4.

| As shown in FIG. 8, a copper electrode layer 5 is adhered on the solid

electrolyte layer 4 with electrical coupling, and then as shown in FIG. 9, the
20 electrode layer 5 is provided with holes 8 in a depth reaching the electrode

section 2. A required number of the holes 8 are provided using laser beam at

specified locations.

As shown in FIG. 10, insulation layers 9 are provided by electro-

depositing an insulating resin on the inner walls of the hole 8.
25 . After removing the resist layer 14 by peeling-off or by dissolving, as

shown in FIG. 11, whole element is covered with an insulating protection layer

6 of an epoxy resin or the like material, as shown in FIG. 12.

Then, as shown in FIG. 13, the insulating protection layer 6 is

perforated by means of laser at the locations just above the holes 8 and places



_ 25 After renpving the resist |ayer 14 by peeling-off or by dissolving, as
shown in FIG 11, whole elenent. is covered with an insulating protection
| ayer 6 of an epoxy resin or the like material, as shown in FIG 12. Then,
as shown.in FIG 13, the insulating progection layer. 6'is perforated by
means of |aser at the |ocations just above the holes 8 and places 8 where
the holes 7 are to be provided. The insulating protection |layer 6 is
further provided at a side with an opening 15 to expose the el ectrode | ayer
5, ~and awhgperthachdlés & arn toropidvded.deThe iaxylating t protevtiont agde Gest i on
2. As shown in FIG 14, the inner walls of the holes 7,. 8 and the openings
5 15, 16 Awehen provided ahacsigdperithoan tapening S tatexpoat he @l_dcmmdeclﬁyduhﬁlors
10. The conductor .10 _at the hole 7 is electrjcally coupled with the
el ect r odedft 3?8r°l§,nm&\lllﬁ?laéa'ﬂ RePedifaside de exposq thejededmnde spetiona ectrical |y

led with th d tjhaon. 2. Finall S, S I p.FI G 15, bunps
(1:(i)u1l‘oo;a c\(l)mnnect i &Se#g?ﬁ‘té’{ gr} %%g?gg,r{’h%nmir \flﬁ ﬁgifih%ﬁolsef’%g]a%fpgmf%%?ﬁ%nht he
d 0 ' : ' ' ti | Mab. t he
e 5 e 15716 pHAD iAo thE Tk AniRal T LS00, The

surface asosndwstor i10 &l the Aéle Wik C&le@fi@aﬂ?lu@hglbd WP bleetrvde 1ydhst he
el ectrode |l ayer 5 and the electrode section 2. A finished capacitor is

t hus conpmdilsdtheiepnductarhtd aetkerpole 8fistelectyicalde coupledodithethe albetradea |
sintered bod 0%1 nmetal powder is used for the porous sheet 1, a sintered
al um num i%‘:t?/"s“: tached on one of the surfaces of an alumnumfoil 15, as

npcess. st eps by aR SRR s A 1§ d6F bernosplologfTE O SRl ®
car | | 89 - dgoRd bP SilvanareSRirhReicof (RO REndacit 10 BrbBulinghBode the RIEMRARY!C! Of

el ement can be nmounted directly on the capacitor, i pr esent

enbodi menprote¢tiamiayeni6t ackt thieesaend timebtemrnalsd2, 13 are formed covering the
side and bottom surface as shown in FIG. 16, which are coupled, respectively,
with the electrode layer 5 and the electrode section 2. A finished capacitor is -
thus completed. |

15 | In other example of the present embodiment where a sintered body of
metal powder is used for the porous sheet 1, a sintered aluminum 16 is attached
on one of the surfaces of an aluminum foil 15, as shown in FIG. 17, to
constitute the porous sheet 1. |

Other manufacturing process steps remain the same as those for the

20  capacitors using the earlier-described one-surface etched aluminum foil.

Since a semiconductor element can be mounted directly on the
capacitor, in the present embodiment, at the surface where the bumps are
provided, the capacitor can be used as an appropriate- device for an electronic
circuit having an excellent high frequency response. Thus the capacitors of

25  the present invention provide a substantial advantage in forniing a digital circuit.
Furihermore, the capacitors in the present embodiment have a thin sheet form
despite their great capacitance; therefore they can be buried within a resin
substrate, for example. This facilitates making circuits flat and small.

Practical examples of such an application include a capacitor for a smoothing



‘provi ded, the capacitor can be used as an appropriate device for an
electronic circuit having an excellent high frequency response. Thus the
capacitors of 25 the present invention provide a substantial advantage in
formng a digital circuit. Fur thernorg, the capacitors in the present
enbodi mrent have a thin sheet form despite their great capacitance;
therefore they can be buried within a resin substrate, for exanple. This
facilitates making circuits flat and small. Practical exanples of such an
appl i cat i ercihitaindder acdumpag hoise if chindlstraodh{Ihchds)cor theilikeand f or reduci ng
noise .in thin flat cards (1C cards?,or the |ike. Furthernore, the

di el ectrics usedurthermerg aficidielestrios uped pine shatcapagitorsi amnthea peesent
organi c dielectricgaan t here Qﬁgpo restrigtion in the locatjon for taking

the ol ect FOMRSGImeRbaie e qrganic dielacirics and erects Ao sasiictipmn, thederstion s
h . T i -QVi d
et or 16t FGAE hE BIRUEL Hhe CRASATRUE hal@ Tho TerbfifIcRoad gblifed

the cppaghipds. i nThdfefdre, i BAUEEIctoDIROERAmpIdE cahi Bk ?&&viake%ﬁowé i c
capacitor could not be used for a flexible Circuit which receive an outer

stress suchpastoreoda b somposite bempuaent dan Bdforarsl withiefase be>puding dyer as a
dielectric layer. But, the dielectrics used in the capacitors. of the
present i fIRafitosAnside gn indeetar.c dielectrics and is flexible. Thus the
capacitors can nount e such ui.ts or substr ich receive a
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surfaces; the holes 7 reaching the electrode |layer 5 while the holes 8

reachi ng capaciosstofothe presentomv&ntion is asudbrganion didgetric® daml ioflemiblen t he
Capaci tor 16HA HEGAPASHRPLCALDY HOHAE OBISOGH cUu DO FubsIratpL wigh setve
a bending stress, an application where the conventional capacitors can not
endure. |
15 Still further, the capacitors in the present embodiment can be provided
with the bumps 11 on both surfaces of the sheet. A -capacitdr of this structure is
manufactured by providing the holes 7, 8 on both surfaces; the holes 7 reaching
the electrode layer 5, while the holes 8 reaching the electrode section 2. An
) insulation layer 9 is formed in the holes 8, and a conductor 10 is formed thereon
" 20 Dby plating. In this way, a capacitor can have bumps 11 for connection on both
ofthesuﬂﬁce& |
The terminals 12, 13 are not the essential items. The bumps 11 for
connection can be used in place of the terminals 12, 13. Semiconductor
elements or chip components'mounted on the bumps 11 can be utilized also as
25  the terminals. |
Or, after providing the insulating protection léyer 6 with openings, the
electrode section 2 or the electrode layer 5 itself can be used as the terminals to

be connected directly with an external circuit.



‘The terminals 12, 13 are not the essential itens. The bunps 11 for
connection can be used in place of the termnals 12, 13. Sem conduct or

el enents or chip conponents nmounted on the bunps 11 can be utilized al so as
25 the terminals. O, after providingfighe insulating protection |ayer 6

wi th openings, the electrode section 2 or the electrode layer 5 itself can
be used as the termnals to be connected directly wth an external
circuit. 10 Second Enbodi ment A capacitor in accordance with a second
exenpl ar y Seotmodi Emtbadimient he present invention is described in the
followng wth reference to the drawings. FIG 18 is a perspective view of
a capacitor in #cEePasaieEdn gceordance 3dthhageeomsbexersplarpemhindiment efithe

' ' whi FIG 19 .sh ti | Vi f th itor.
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Ref er 1 ngséconidl EmbbAimant OF ank ' HidSemeivealion, whil! TIGIeD QRoRssaldase of a
porous sheet 1 forned of an alum numfoil wth both surfaces etched, or a

si ntered bedional vies af theovaparitoil heThoseocssiesit pbrtidmein FIGyl $end/BHG. f or .
the electrode section 2, or a |layer of gold, copper, nickel or other netal
may be f&Phadinmthersameplunstion asiip the fiasleembediment arg tapsesend¢rbby usings na]ge
of a 15 sjntered body of netal, powder, the sintered surface nay be used for
the el echcoﬁ%mger&?‘?%ﬂc‘f? nugjergls; BntAgc‘i%%‘i‘?(de‘EHg!mano‘f" th RREUANS| haser may

f or med OnbeérPSnﬁH%&ace of the porous sheet 1 by neans of sputtering, vacuum
éposition, or the like method. An organic dielectric layer 3 of an

acryli® resin OReféiginki theFIG TR riEslcOfode section02 @é‘ﬂﬂﬁiﬂé&oﬁ%rélﬁff&e grs vel |
as on surface of the pores inside, of the porous sheet 1.
a porous sheet 1 formed of an aluminum foil with both surfaces etched, or a
sintered body of metal powder. The porous sheet 1 itself may be used for the
electrode section 2, or a-layer of gold, copper, nickel or other metal may be
formed for the purpose. In a case where the poroﬁs sheet 1 is made of a
15  sintered body of metal powder, the sintered surface may be used for the
electrode section 2, or gold, copper, nickel or other metal layer may formed on
the surface of the.porous sheet 1 by means of sputtering, vacuum deposition, or
the like method. '
An organic dielectric layer 3 of an acfylic resin or the like is formed on
20  an entire surface, as well as on surface of the pores inside, of the porous sheet 1.
A solid electrolyte layer 4 is formed on the organic dielectric layer 3, and an
electrode layer 5 on the solid eléctrolyte layer 4. Then the entire structure is
covered by an insulating protection layer 6. | |
| The insulatihg protection layer 6 on the electrode layer 5 is provided
25  with a hole 7; and the insulating protection layer 6, the electrode layer 5, the
solid electrolyte layer 4 and the organic dielectric layer 3 are provided with a
hole 8 reaching the electrode section 2.

Inner walls of the hole 8 are provided with insulation layers 9.

Conductors 10 are formed by copper-platirig the wall surface of the insulation



‘A solid electrolyte layer 4 is formed on the organic dielectric layer 3,
and an electrode layer 5 on the solid electrolyte |layer 4. Then the entire
structure is covered by an insulating protection |ayer 6. The insulating
protection layer 6 on the electrode laygr 5 is provided 25 with a hole 7;
and the insulating protection |layer 6, the electrode |layer 5, the solid
electrolyte layer 4 and the organic dielectric layer 3 are provided with a
hol e 8 reaching the el ectrode section 2. Inner walls of the hole 8 are
provi ded ayérsihsuTh¢ icondiicipes 4 09forntednituthe heles07 aare dlectniedllpycoupled
copper-plating the wall surface of the insulation 11 layers 9. The

conduct or Vil theplgeigode layge Shwihdls the goaductors 19 imtheyheles Blase elogini¢altyhe

el ectrode Iag{er 5 WE”E’ Lrhacor}duc ors 10 in the holes 8 are electrically
coupl ed wiPHPIEVithdhe plsgliode SEstN 3. on the conductors 10 exposed on t he
surface of the igsulating ctJ ayer .6, f l.der,
gold, tin, sil ve(?]l§ 'oirh%ft ﬁggfhllégp% gfrda %@%ﬁ%@:t%@nthgr gﬁﬂg?%‘aéfl t$8r ﬁ}sﬁgqtg“glzz 13
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| ayer 6, coupled with the eléctrode layer 5~ and the el ectrode section 2,
respecti vebuneciion ampfociedr s Tenmacalod8a b8 arsvptdvitdee oprths side sndbditomnt are
provided 10 with a dielectric |ayer covering the entire surface of a.

bot h- sur f sBEaee Ohdhe ingulating prateciion fayes 6, tqeupladewithothe ¢lactrode kayea Shave
been extendg%to a aubstant{zall incieased capaci tance of the capacitor.

Third Enb8d G Flecyo eé‘éﬁéﬁ:‘} oeSPHFIRECr dance with a third exenplary
ebodi ment of t R BGSRAY ihBEERIdagle Wit BRGILRAR cnfhddifichPhicWolthed 11
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€eference to the a rspective VI ew acapaci tor
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21 shows a cross sectional view of the capacitor. Those constituent
portions ahmnem 2ilndlFusGs thelelectrode facing area have been extended to a

substantially increased capacitance of the capacitor.

Third Embodiment
15 A capacitqr in acc’ordaﬁce with a third exemplary embodiment of the
present invention is described in the following with reference to the drawings.
FIG. 20 is a perspective view of a capacitor in accordance with a third
embodiment of the present invention, while FIG. 21 shows a cross sectional
view of the capacitor. Those constituent portions in FIG. 20 and FIG. 21
20  having the same function as in the first embodiment are represented by using
the same reference numerals, and detailed descriptions on the portions are
omitted.
Referring to FIG. 21, an electrode section 2 is provided on a surface of
a porous sheet 1 formed of a both-surface etched aluminum foil, or a sintered
25 bddy of metal powder. The porous metal sheet 1 itself may be used for the
electrode section 2, or a layer of gold, copper, nickel or other metal may be
formed for the purpose. In a case where the porous sheet 1 is made of a |
sintered body of metal powd'cr, the .sintered surface may be used for the

electrode section 2, or a layer of gold, copper, nickel or other metal may be



'20 having the same function as in the first enbodi nent are represented by
using the sane reference nunerals, and detail ed descriptions on the
portions are omtted. Referring to FIG 21, an electrode section 2 is
provi ded.on a surface of a porous shegip 1 fornmed of a both-surface etched
alumnumfoil, or a sintered 25 body of netal powder. The porous netal
sheet 1 itself may be used for the electrode section 2, or a layer of gold,
copper, nickel or other nmetal may be fornmed for the purpose. In a case
wher e t he fponediby spettridg,i wacuoaddepafsition ef thediledmedayd.of netal powder, the
sintered surface nay be used for the electrode section 2, or a layer of ..
gol d, copper, nifkelid glectrolgle laperd isgrniad o anf@gapis wylesmiaaterﬁgof vacuum
deposi tion or the | i ke ne %eq(;d Asolid eI ecérol yte la%i’@@ i is formed on an
organi ¢ di?BIASEYG Tesiprovided,pn aéﬁ‘?“é"cﬁ‘}"i ace obaaid poreNs t dnaKWERES QR
surface o S0 f- C f; th or €s
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and the e r r CHUE W I ¥S g r gt,e -J.ayer 6.
The i neul 2%‘%%‘3"%‘F0%"§’e¥’.4§nhﬁ%y%}§ Ehthe s%%s?@zd%“%ﬂéfﬁ% i A e o
the top apgotebiobddyteot surfaces; the hole 8 is penetrating through the
insulating protection |ayer 6, the electrode |ayer 5, the solid
el ectrol yte | aydhedngildtingpragctiogdayer Giscprovidd wutahylmlesﬂ Baxcbothoft he
mean ser, tch| ng,

el ectrode section These hol es a ned b
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layer 5, while the conductors 10 in'the holes 8 are el ectrically coupled
with the éomoetd byenenas of dased, etchinghpunching o otleerificthogdesed on the surface
of the insulating protection |ayer 6, bunps 11 of a solder, gold, tin,
silver or the | Jl@éﬁl‘ﬁﬁ@urqfaﬂlg hojes 8 are covered with insulation Iayers 9. And

conductors 10 are formed by copper-plating or the like method on the wall
surface of the insulation layer 9. The conductors 10 formed in the holes 7 are

15  electrically coupled with the electrode layer 5, while the conductors 10 in the
holes 8 are electrically coupled with the electrode section 2.

On the conductors 10 exposed' on the surface of the insulating
protection layer 6, bﬁmps 11 of a solder, gold, tin, silver or the like materials for
connection are formed.

20 Thus the bumps 11 provided on both surfaces of a capacitor body
facilitate direct mounting of semiconductor elements or the like on the capacitor
‘surfaces; which eliminates wiring patterns on the circuit board needed for the
interconnection and improves the high frequency response of the circuit
remarkably. Furthermore, the capacitor in the present embodiment enables

25 formation of circuits in various artangéments; for example, mounting |
semiconductor elements on the upper surface, while using the bottom surface
for mounting chip components or for interconnections. Thus the capacitor in
the present embodiment may serve as an effective tool in designing circuits of

superior performance.



‘connection are formed. 20 Thus the bunps 11 provided on both surfaces of a
capacitor body facilitate direct nounting of sem conductor elenents or the
| i ke on the capacitor surfaces; which elimnates wiring patterns on the
circuit board needed for the int erconngction and inproves the high
frequency response of the circuit remarkably. Furthernore, the capacitor
in the present enbodi nent enables 25 formation of circuits in various
arrangenents; for exanple, nounting sem conductor elenents on the upper
surface, while Jgké@én thesdtdndembodingGe, tHeOdielBRtrid li}&r%b@riﬁ%ﬁﬂ@@ﬁﬂf& or
for interconnections. Thus the capacitor in the présent enbodi nent .rmay
serve as swife¢d ef aiboth-surfhce atatiediahmnirmm ifoil pirdwide$ a renaekatdy ipechsydance.
13 Like in the second enbodi nent, the dielectric |ayer covering the entire
surface of2RAMENRE.surFetkermamgeda aplwilitymatoithe peapacitess 0fr dher pedsent

I ncreased apacitance. . Furthernore, .a plurality of the capacitors of the
present 8?@8@?%% c@ﬁnbﬁeiqlﬁmaﬁ‘ﬁa‘{’e&hl "é‘ﬁﬁﬁ%k sPP$sIlgs &9 pingrgase; Hier ease

th | & ' ' i ng vol t . Besides the'
above-oechaanc afffo Wb AR BENT MmN IGHE T V2 Spaci tor of 1he

present inventi BesiRy the sahediaeribed \e%hﬁﬂ&ftyoéﬁ%dhﬁéﬂg, (2] ei;nﬁ le,
arrangenents of bunps 11 for connection and termnals 12, 13. T Bs tahe
capaci t or sapHciton efgthe grasert iueentiemn neanbe embodied il vagious wshdrefdmsoin
connection . 10 in the formation of circuits and in the nounting procedure.
| NDUSTRI Atheageangespsnts p¥ bymps d o gpnaectioacand tgrminalsalhich or Ehusithe

2ty vet ar ocanAcibet SEUBIRESHnkORR i oqBbly g hhefs TeASaf Fymicstonne

unps;r o GR%FoPRatibe of Lidcafis aﬁﬁtilfn]gﬁepﬁﬁﬁﬁﬁh&%o&é&{r&r m a. sem conduct or

device. Thus, the capacitors o resent“i'fnvention facilitate formation
of an electronic circuit and a sem conductor device that are superior in

.the high frequency response, and is an effective conponent for
INDUSTR PLICABILITY :

With the solid electrolytic capacitors in accordance with the present
invention having the above-described structure, a semiconductor element can be
15  mounted directly on the bumps provided on the surface of the capacitor to form
a semiconductor device. Thus, the capacitors of the. presenf invention -
facilitate formation of an electronic circuit and a semiconductor device that are
superior in the high frequency rgspbnse, and is. an effective component for
providing a digital circuits. The capacitors of the present invention are most
20  suitable for an application in the digital circuits, where a high speed response is
an essential requirement.

Furthermore, dielectrics of the capacitors of the preSent invention is
formed of an organic material, and is flexible. So, the capacitors can be
mounted on such a circuit board or a substrate which suffers a bending force, an

25  application where conventio.nal capacitors are unable to endure. Despite a thin
configuration, the capacitors of the present invention can withstand a
mechanical stress, and can be buried within a substrate. This contributes to
further downsizing of the electronic appliences.

Still further, since there is no restriction for the location of leading out



‘providing a digital circuits. The capacitors of the present invention are
nost - 20 suitable for an application in the digital circuits, where a high
speed response is an essential requirenent. Furthernore, dielectrics of
the capacitors of the present inventiomg4 s formed of an organic material,
and is flexible. So, the capacitors can be nounted on such a circuit board
or a substrate which suffers a bending force, an 25 application where
conventional capacitors are unable to endure. Despite a thin

conf i gur atheelectiodes, ajeaminals canfbe fernped: srennyi avangensnts,awhidh hekegdt a
mechani cal stress, and can be buried within a substrate. This contributes
to furthEASYHIANEFSiBRga ogOmpeSits compamieat awphi thec eapadtor of f thet pessensi nce
there is nQ r?striction for the location of |leading out 14 the el ectrodes,
term nal s AN 88 formed in any arrangenents, which nmakes it easy to design
a conposite conponent with the capacitor of the present invention. 15
CLAIM5S 1. A capacitor conprising: a porous netal sheet; an el ectrode
section provided on said porous netal sheet; 5 an organic dielectric |ayer
provi ded on said porous netal sheet; a solid electrolyte |ayer provided on
said organic dielectric layer; an electrode |ayer provided on said solid
electrolyte layer; an insulating protection [ayer covering said porous
netal sheet, said electrode section, said organic dielectric |ayer, said
solid electrolyte layer and 10 said electrode |ayer; a conductor provided
in holes penetrating through said insulating protection |ayer and reaching
said el ectrode section or said electrode |ayer, each of the respective
prductor being electrically connected with either said



‘el ectrode section or said el ectrode |ayer, while being insulat ed fromthe
other 15 layers; and a bunp provided on said conductor protruding above
said insulating protection layer. 2. The capacitor of claim1l, wherein

sai d porous netal sheet is an alum.numsfoil with at-least one of surfaces
etched. 20 3. The capacitor of claim1, wherein said porous nmetal sheet is
a sintered body of netal powder. 4. The capacitor of claim1, wherein said
el ectrode section is a layer of a different netal forned on a surface of
an alum numfoil. 5. The capacitor of CllaAn M Swherein said el ectrode
section is a layer of a 25 different netal formed on a surface of sintered
body of net Y gooRRracitop compaisingsaci t or of claim 1, wherein said solid

el ectrolyte | ayer_is forgaﬁd of an electronic conductive polyner. 7. The
capacitor of ci AiRAFUS MEEHSPRCYE number of said bunps is larger than a

number of bunps ,pfe| @AY COAGY f)}&idgﬁ oH%id ﬁgrolﬁg nietal’ éel{:ete%d '

5 | an 6rganic dielectric layer provided on said porous metal sheet;
a solid electrolyte layer provided on said organic dielectric layer;
an electrode layer provided on said solid electrolyte layer;
an insulating protection layer covering said porous metal sheet, said
electrode section, said organic dielectric layer, said solid electrolyte layer and
- 10  said electrode layer;
| a' conductor provided in holes penetrating through said insulating
protection layer and reaching said electrode section or said electrode layer, each |
of the respective conductor being electrically connected with either said’
electrode section or said electrode layer, while being insulated from the other
15 .layers; and | .' |
a bump provided on said conductor protruding above said insulating
protection layer. | _ |
2. The capacitor of claim 1, wherein said porous metal sheet is an
aluminum foil with at least one of surfaées etched.
20 3. The capacitor of claim 1, wherein said porous metal sheet is a sintered
body of metal powder.
4. The capacitor of claim 1, wherein said electrode section is a layer of.'a '
different metal formed on a surface of an aluminum foil.
5. The capacitor of claim 1, wherein said electrode section is a layer of a-
25  different metal formed on a surface of sintered body of metal powder.
6. The capacitor of claim 1, wherein said solid electrolyte layer is formed
of an electronic conductive polymer.
7. The capacitor of claim 1, wherein a number of said bumps is larger than

a number of bumps of a semiconductor element to be connected.



