25 Novenber 2004 1 DESCRIPTION CIRCU T MODULE TECHN CAL FI ELD The present
invention relates to a capacitor-incorporating circuit nodule for use in
an electric appliance and el ectronic equi pment. BACKGROUND2ARIvAmber 2004
conventional circuit nodule is structured so that conponents, such as an
integrated circuit, capacitor, inductor, pnd resistor, are disposed on a
circuit -~board. Because of ‘this structure, the conponents protrude fromthe
surface of the board when nounted. This increases the volunme of the entire
circuit board and additionally incDESERIPTEON ea of the circuit board by
the area of the portion where the conponents are nounted. For this reason,
it is inevitable that the volune of equi pnent using this circuit board is
| arge. DI SCLOSURE OF THE | NVENTI cﬂIRﬁllgEEEﬂ@MdEEMth an aspect of the
present invention, there is provided a circuit nodul e incorporating a
sheet-like solid electrolytic capacitor_into a circuit board, wherein said
sheet-like solid electrolytic caﬁﬁEC&ﬁmIeéﬂpFigﬁg)a val ve netal sheet body
having a porous surface on at |east a part of one side thereof, a

di el ectric | ayer Therprestnbintéreiq@oralsies surd eqpaciterdintdoedterad ekbyitanodule
covering said dielectric |ayer, and a current collector |ayer forned on a
surface of faanse o glestrae eppligne andheleglanist QWRBYHRinent S aimto provi de
a circuit nodule of which volume and area are not increased by nounting

and that contributes to downsi ZIE{II% %fe [ Etﬁ-jancor porating the circuit
nodul e. To achieve this object, g mgfe iments are structured to
enbed a sheet-like solid electrolytic capacitor inside of a circuit board.
A conventional circuit module is structured so that components, such as
an integrated circuit, capacitor, inductor, and resistor, are disposed on a circuit
board. Because of this structure, the components protrude from the surface of
the board when mounted. This increases the volume of the entire circuit board
and additionally increases the area of the circuit board by the area of the

portion where the components are mounted. For this reason, it is inevitable that

the volume of equipment using this circuit board is large.

DISCLOSURE OF THE INVENTION

In accordance with an aspect of the present invention, there is provided a
circuit module incorporating a sheet-like solid electrolytic capacitor into a
circuit board, wherein said sheet-like solid electrolytic capacitor comprises a
valve metal sheet body having a porous surface on at least a part of one side
thereof, a dielectric layer formed on the porous surface, a solid electrolyte
covering said dielectric layer, and a current collector layer formed on a surface

of said solid electrolyte.

The example embodiments aim to provide a circuit module of which
volume and area are not increased by mounting and that contributes to
downsizing of equipment incorporating the circuit module. To achieve this
object, the example embodiments are structured to embed a sheet-like solid

electrolytic capacitor inside of a circuit board.



25 Novenber 2004 2 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. | is an expl oded
perspective view of a sheet-like solid electrolytic capacitor,if b 2004
accordance with a first exenplary enbodiment 5 of the present |n?/VeeH1t K
Fig. 2 is a sinplified sectional view of dn essenti al part of the
sheet-like solid electrolytic capacitor in accordance with the first
‘exenplary enbodi nent-of the present invention. Fi g. 3'is an exploded

perspective view of a & t: E%’f% gw;;f the first
exenpl ary enbodi nent O@ngb" Desen @?gggﬁ%ﬁcﬁ gE{C i (gssect!onal Vi ew
of a circuit nodule in accordance with a second exerrpl ary enbodi nent of
the present invention. Fig. 5 is a perspective view of the circuit nodul e

in accordance 1%yl th 10g,ge d@&e?élr@ YeUDOOIIPNLe of SRS CONNG

invention. Fig. 6 I's an ex pers ve view o aCII‘CUIt
accor dance Méd@rémms@Qﬁaat@ﬁma&byd&ﬁ‘@@%%rﬁ ikt he rﬁmbbm&ﬁ'a%on
Fig. 7 is a sectional view of a circuit nodule in accor anc

third ex@Enpbfkle @readhbienterfiohhe present invention. BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON The present invention provides a circuit nodul e

i ncorporating a igshees-d iskdpddiddl sebeivhiadl Vit of appiskOhtialtPard 6f LRI t
board thereof. The sheet-like solid electrolytic capacitor is structured

to have a vsaheet-liket alolshedechmdytichatphaitoaniel actorddmdeortithn the firskeast
one side thereof, and porous portions on the other side to the el ectrode
portion. 25expmedbry expigadiment of the present invention.
| Fig. 3 is an exploded perspective view of a circuit module in
10  accordance with the first exemplary embodiment of the present
invention,
Fig. 4 is a sectional view of a circuit module in accordance with a
second exemplary embodiment of the present invention.
Fig. 5 is a perspective view of the circuit module in accordance’
15 with the second exemplary embodiment of the present invention.
Fig. 6 is an exploded perspective view of a circuit module in
accordance with the second exemplary embodiment of the present
invention.

Fig. 7 1s a sectional view of a circuit module in accordance with a

20 third exemplary embodiment of the present invention.
BEST MODE FOR CARRYING OUT THE INVENTION

The present inventio';n provides a circuit module incorporating a

25  sheet-like solid electrolytic capacitor into a circuit board thereof. The
sheet-like solid electrolytic capacitor 1s structured to have a valve
metal sheet body that has an electrode portion on at least one side

thereof, and porous portions on the other side to the electrode portion.



3 The sheet-like solid electrolytic capacitor is also structurﬁgN&% %Q@&mg
dielectric layer is provided on the porous portions of the valve netar
sheet body, a solid electrolytic |layer is,provided on this dielectric

| ayer, and a current collector layer is ?orned on this solid electrolytic
| ayer. 5 Enbedding the sheet-like solid electrolytic capacitor into the
circuit board cannmake the circuit nodule remarkably thin. The present

invention aifhe Phewi-tee SolkdrdubirdIpei! &apdeivdi 66 aqsofélt&ﬁeéﬁréa)l%dtﬂd}e eof

has a receiving recess, the receiving recess recelves a sheet-like solid

el ectrol yti diglapadttiayeragdpidiadedr enlithed@ardud AR er sl danlEatd@ytic
capacitor are electrically connected to each other. This structure all ows

the sheet - | heetsbbig #lsebidr eleytidlytizplagielrdl piovided eibeiidedicadekrdd layer,

el ectrode thereof to be led out easily. The present invention further

provi des a sndcaiidurmedticelleotmhizyer &s dormeidt ohadisd dobiel etdcthelytid 1opani ng,
t he opening receives a sheet-like 15 solid electrolytic capacitor, and the
ci rcui t ShoaEmbedding thel shieaBker sdNdi elecapdygticorapaeiter eiaitoi thad Icircuit
connected to each other. This structure allows electrical connection

bet ween t hebeardranimakeditiedcirehtcroslulei rereapeahlyothiand bot h si des of the
circuit board, thereby increasing the degree of wiring freely. 20 The
present inventi o Baptageniivvenidenalsprexgvidasdurircuat wodhle m shsich-4i ke

solid el ect r.ol?{tiéjca aci}t or‘ap s an outer, insulator, and external
terninal s pPEGhted e Hoespef Bf TeSRIVHRE eFedassul Bhorrepedving aeceseal |y

COMECt o0 {0 SOt S, LIMANS Sl GULL OB S hereel Th S SLIUCLULS,
o Gy Bl B A RO SIS SR .
of a sheet-|ike Sef‘]h% seﬂr%%EﬁPA ¥1t110%vsc ¢Re Csi}i[e%rt-like solid electrolytic capacitor
| to be embedded and an electrode thereof to be led out easily.
The present invention further provides a circuit module in which
a circuit board thereof has an opening, the opening receives a sheet-like
15 solid electrolytic capacitor, and the circuit board and the solid
electrolytic capacitor are electrically connected to each other. This
structure allows electrical connection between the sheet-like solid
electrolytic capacitor and both sides of the circuit board, thereby
increasing the degree of wiring freely.
20 The present invention further provides a circuit module in which
a sheet-like solid electrolytic capacitor has an outer insulator, and
external terminals provided on the end face of the outer insulator are
electrically connected to conductors in the circuit board thereof. This
structure facilitates electrital connection between the sheet-like solid
25 electrolytic capacitor and the inside of the circuit board.
The present invention further provides a circuit module in which

the exposed surface of a sheet-like solid electrolytic capacitor

incorporated into a circuit board has lead terminals connected to an



i ncorporated into a circuit board has |ead terninals connected,dt@ an 43004
Novenber 2004 4 el ectrode portion and a current collector |ayer ot ]’EnPne
solid electrolytic capacitor, and the lead terminals are electrically
connected to conductors on the circuit bbard. This structure facilitates
el ectrical connection between the sheet-like solid electrolytic capacitor
and the 5 surface of the circuit board. The present invention further-

DOV o2 Eldcirbde TR bBA'D) Gllrebl . TIRA8E Ja gl B el oRg IERE Y158

solid electroly I nCcOr por a circuit™boar

plurality OEaiéQ@ﬁoF,erﬂ@altﬁe Cl%%gecﬁe‘i‘%ditnélgn a‘?'leecéIEQH’?cQﬁ%.t ic%%n%gge (g

current collector layer of the sol i ectrol ytic capacitor,

| ead ternmi nahsdGarhd! 6at fHE didhibboHANOPHAM si:ﬂl&hf}@rfaedﬂj%%{é%n bfectrical
conponents. This structure can reduce the volunme require or nounting

conponents ganéMEohehaiwedd thel sRet-1iResEl él%gtéw%%ﬁct&?pz{(ﬁ%ffa%%he

by
conponent (ESR) and reactance conponent (ESL). e present Invention

furt her HroyugRgeofihecirculbuhedi n which a sheet-like solid electrolytic
capaci tor having other electronic conponents connected to | ead el ectrodes

on at | east one sThieptrbssebinventibndonrplénpedvideisa 3iriuit wdd bleandwhléhs
structure can reduce the volune of the circuit board and conponents after
nmount i ng. 2thé\ddixposad! Ispribecaoe at hehediebkel i dadidokiettebbali¢ okypacitor
capacitor and the conponents are protected by the circuit board, high
reliabilitylneppzatehsmteda Theupt deend basent pbardluty hefr lgadvietasinals
circuit nodule using a sem conductor conponent. For this nodule, because a
sheet -1 i ke sonpected & agt elgairpde ritan @ndaadeerrentensBesiductayercohpbeacnt

can be ; . . . .
10  solid electrolytic capacitor, and the lead terminals can electrically be

connected to other electronic components. This structure can reduce
the volume required for mounting components and the length of wiring,
thereby reducing the resistance component (ESR) and reactance
component (ESL).

15 The present invention further provides a circuit module in which
a sheet-like solid electrolytic capacitor having other electronic
components connected to lead electrodes on at least one side thereof is
incorporated into a circuit board. This structure can reduce the
volume of the circuit board and components after mounting.

20 Additionally, because the sheet-like solid electrolytic capacitor and the
components are protected by the circuit board, high reiiability can be
ensured. |

The present invention further provides a circuit module using a
semiconductor component. ! For this module, because a sheet-like solid -

25  electrolytic -capacitor and the semiconductor component can be
connected directly to each other, voltage fluctuation resulting from the
ESR and ESL can be reduced. This contributes to stabilization of the

performance of the semiconductor component.



connected directly to each other, voltage fluctuation resulti f.romt
ESR and ESL can bg reduced. This contri gut es to stabili zationn%stW?gﬁJer%M
performance of the sem conductor conponent. 25 Novenber 2004 5 The present
i nvention further provides a circuit moduPe in which a sheet-like solid
el ectrolytic capacitor is incorporated into at | east any one of |ayers
constituting-anultilayered circuit board. Miultilayering circui't boards-

contr1buti ng (o aaneres i B R I EREPBRFRIRS  Bhichir wiod Wl whigh
further proyigdestaigs Lo tel@%l?ti{cgcadgﬁcﬁﬂér &Sﬁ@gbg%&% $0Ld e ff‘{ef% {ug%yg ¢

capaci tor 1s Incorporated 1nto a ayer CO

nul til ayer egh& !JfQHPEr@%@ﬁQti_tﬁ@fné Bi pul iRV fd PRCAVSBodEdPoNIR ifa@eeri?%c .

sheet-like solid electrolytic capacitor in 10 any position in e “sur

layer al | onsir6QIPBOR S iherdaRe TN 86grdll bEGhENrRRRRIH ?ﬁg@dg%xﬁ;'seﬁké ytic

capacitor in the surface |ayer of the board, various conponént s

can easid y Hieugreuntdbudiith t6 doRacdiethd of thedntixemy@ine. Embodi nent A
specific description is provided of the first exenplary enbodi nment

hereinafter w thTlef presast invdditordaetivenyiadddsantiigait nfddulelin Fhich
perspective view of a circuit nodule in accordance with the first exenplary
embodi ment afshieké-lgkeselid ¢lectrulytie. cdprdiber is isdorp2Ratedintaay leaboehaent ,
alumnumfoil is used as valve nmetal sheet body 11. Part of one side of
the al uni nustifece layest comstitutimgyéhe muliflagdredr éiaceitahdapdr ouBopdhiisons.
After the surface area thereof is increased by etching, the surface is
subj ect ed t@ogulgabpenuse disprsingt the sbeatdikd sclidielertydytit3caparitn e
| ayer.
y 10 any position in the surface layer allows components to be mounted
directly onto the solid electrolytic capacitor in the surface layer of the
board, various kinds of components can easily be mounted and

connected.

15 First Exemplary Embodiment
A specific description is provided of the first exemplary
embodiment hereinafter with reference to the accompanying drawings.
Fig. 1 is a perspective view of a circuit module in accordance with
the first exemplary embodiment of the present invention. In the first
20 exemplary embodiment, aluminum foil is used as valve metal sheet
body 11. Part of one side of the aluminum foil is etched to have a
roughed surface and porous poftions. After the surface area thereof is
increased by etching, the surface is subjected to oxidation treatment to
form dielectric layer 13, an’foxide layer.
25 Fig. 2 is an enlarged view of a section showing the surface
portion of valve metal sheet body 11. Valve metal sheet body 11 made
of aluminum foil has a large number of microporous portions formed by

etching. Formed on the surface of micropores by the oxidation



25 Fig. 2 is an enlarged view of a section show ng the surfac ortio
val ve netal sheet body 11. Valve netal sheet body 11 nade of ezaslIﬁon‘%elﬁlh?ﬁr}TOQ%I
has a | arge nunber of microporous portions fornmed by etching. Formed on
the surface of mcropores by the oxidati o 25 Novenber 2004 6 treatment is
thin dielectric layer 13, which works as dielectrics. Further, in order to
- provi detheinside of the m-croporous portions (not- shown)wth-el ectrical
connection, .solid el ectrolyti,c.layer 17 is rmed. .by chem cal .. )

pol yneri zat F%enéeggeﬁ et rtgi”gt fi&elﬁfiﬁ}ﬁei‘af% i%ﬁ %@?’ﬁé‘ d"l’ er hﬁ_Jrﬂ:ﬁh i %‘ﬁ’é‘?iﬁ%ﬁsygeg

| ayer nade ter] u S I rrol e. and ol yt hi ophene. Provide
on solid el giutrrlé ytllicbﬂa%efel?o ﬁgo'?lsdegﬁﬁ%?ld%c%ﬁ T rPé?/’é Us BOEHBRR M9tF g.
1. The unet 1.0 vahv S .aGgtin . a

el ectrode a%gsﬁ?ﬁgﬁcﬂ&r ?%e%ﬁr%%?lcg&q%%aogyéﬁ% ei’%ﬁ%ﬁ%‘égﬂ% ]tai(s)T% gcfrﬁ?%d
capaci tor pggti 101 Thi ' r i3l hS¢: _ - Whi ]l e
bei ng sandgm&clﬁggn%étg %/\/egdr)]@lﬁlg%gr%ﬁlﬂr?g{ﬂdz}?o%lb%og%%@g\%ﬁﬂ Pﬁ%tz‘?‘gr ﬁgﬂg]n‘li

upper i msul giREtidAal HGONNRGE 1 e&‘%@d@a&ﬁalﬁﬁit@i‘&l,l%l&cﬁgsﬁﬁgig??ﬂrﬂﬁe {hdg!ing

through holes with electrically conductive nmateri al. g term nal

- 16a has el epblyttabp BORGECIPRsvideth o &oltEt S1BBELoIPLRONLFON P J2lo raﬁi;a'
sheet body 11. Connecting termnal 16b has electrical connection wt

current col teldéetorilayer 122shokih Snsiigiat. ur Bhe RirtcHed p@edr behlwORAGL 1 On
bet ween the capacitor portion and the outside thereof. The sheet-Iike

solid el ect sbégt bodgddaaiting dsaandedtiedla ahd this 2Uretht¢blleboms thyier 19e
formshown in Fig. 3, for exanple. Crcuit board 18 has a stepped hole 182
for receivi wgrkrnogesher to farmral capacitobpmtach. i nto the hole is the
sheet-1ike solid electrolytic capacitor nade of
- 10 his capacitor portion is mounted and sealed while being
sandwiched between upper insulator 14 and lower insulatorl5. In
upper insulator 14, connecting terminals 16a and 16b are formed by
filling .through holes with electrically conductive material.
Connecting terminal 16a has electrical connection with the unetched
15 portion of valve metal sheet body 11. Connecting terminal 16b has
electrical connection with current collector layer 12. This structure
provides electrical connection between the capacitor portion and the
outside thereof.
The sheet-like solid electrolytic capacitor is embedded into a
20  circuit board in the form shown in Fig. 3, for example. Circuit board
18 has a stepped hole 182 for receiving insulators 14 and 15. ° Mounted
into the hole is the sheet-like solid electrolytic capacitor made of
insulators 14 and 15 incorporating the capacitor portion therebetween.
On the surface of circuit B:oard 18, wiring patterns 19a and 19b are
25 formed. Wiring patterns 19a and 19b have electrical continuity with
connecting terminals 16a and 16b via conductors 20a and 20b provided

therebetween, respectively.

Mounting the sheet-like solid electrolytic capacitor into hole 182



i nsulators 14 and 15 incorporating the capacitor portion therebetween.
the surface of circuit board 18, wiring patterns 19a and 19b agiNﬁﬁﬂggﬁﬁ@E.
Wring patterns 19a and 19b have electrical continuity with connecting
termnals 16a and 16b via conductors 20a and 20b provi ded therebetween,
respectively. Muunting the sheet-like solid electrolytic capacitor into
~hol-e 18225 Novenber 2004 7 in circuit board 18 so that the capacitor is

enbedded t hgs eireuseBoheEUSLso thEt YRE %&%a@litotrhg 3L 8o & thEHbin Pegz?&-gdﬁge

after conponents are nmounted. This can also reduce the vol une

el ectroni ¢ gaslivpl@ile ofSiHide htirs cifdui€ WolardOMBIh frer ROWINo S {362 GAILARY. | Y
be formed on Alumnumfoil 5 to increase the area. Additionally, because

di el ectric Thyercal3 dlso thiduceanHe deslignet bt el@RashicaBgaifMe e ukiify aRssd
and | arger capacitance can be ensured in the formof a sheet. Thus, the

solid el ecteirkbyiti modhydaci tRouglfsurfihce shnuntdilye besfostiddbhes hanbengrhaiided
into circuit board 18. In the first exenplary enbodinment, alumnumfoil is
used as 5 10to ahereaset e sheat Bodditidnaldy,hbecadeedickstirislahensl 3 anthinm
i'n which a dielectric layer can be formed on the surface thereof can al so
be used. Tagddlesisecthecararitancncande ertaseddnllaogericap acitarogatie
material or using a thin filmtechnique, such as spattering and plasm
pol yner i zatP®ansusedandhe foxenpf arshaevboFventthe splet eledralydio capadhor s
provi ded of e second exenplar% enmbodi nent_ hereinafter with reference to
t he accompatybHg HrUGFRifsis Suitgble tpbeemdeddsdainte; civewidi haardsh®wi ng a
capacitor portion i t he secqnd exenplary enbqdi nent of the present
i n5ent i on. P Tn' the 2f(1)rst exempciary em od?m%nt, aluminum foil 1s Esed as
10 valve metal sheet body 11. Other materials, such as tantalum, in
which a dielectric layer can be formed on the surface thereof can also be
used. The dielectric layer can also be formed by coating of organic
material or using a thin film technique, such as spattering and plasma
polymerization.
15
Second Exemplary Embodiment

A specific description is provided of the second exemplary
embodiment hereinafter with reference to the accompanying drawings.

Fig. 4 is a sectional view mainly showing a capacitor portion in

20  the second exemplary embodiment of the present invention.

Valve metal sheet body 11 is made of aluminum foil having an
etched side. Electrode portion 21 is provided on one side of this valve
metal sheet body 11. As this electrode portion 21, the unetched side
can be used without any trdatment in the case of aluminum foil. it 1s

25 also possible to form another layer made of a metal, such as gold,
copper, and nickel, on the unetched side to improve electrical

conductivity and environmental resistance. The another layer can be

formed by vacuum deposition , sputtering or electro-plating.



Val ve netal sheet body 11 is made of alum num foil having an hed  si d
El ectrode portion 21 is provided on one side of this valve mego\]ﬁ ‘éﬁﬂ’é’értz
body 11. As this electrode portion 21, the unetched side can be used

wi thout any treatnent in the case of alunPnumfoil- It is 25 also possible
to formanother |ayer made of a netal, such as gold, copper, and nickel,
on the unetched side to i nprove electrical conductivity and environnental

t
Cputtering or ol eyt VXS G hocelAR) 1 Do BBE AT ETRAT Hed i 2 i
sheet body Jaho%ﬁ@tpﬁ:o?bﬁﬁtﬂﬁqgcﬂ}?é 1400 73 4 &th%%ga#%ggg{dgy asgiéﬁ%?é ehesdds ©

| ayer 13 on the etched rou surface there

m cropores. and tH@rer%é@@fQﬁléi‘oﬁb?Eé F e BdEF f&@met&yoﬁnﬁ é;& 1c 8T 1
5 |3ayer

pol ymeri zation or electrolytic polynerization is soli

22 made of @ymadhemiRal PULMasiAANPYhHF Oél%cﬁfﬂlyti%C"p}’&lE}hf&J?E onFliétQSﬁd

current collector layer 12 on solid electrolytic | aye can be forned by

bondi ng Zondiitrylytietlalyet oBR @iad@pd iananaeaduL! isv@h %5})%1%&%'143 dand
el ectrolytic layer 22. Insulating portion 31 is prOV|ded or covering

these entir popoittiopheneand fornmed by nol ding using epoxy resin or other
materials. As shown in the drawing, through hole 23 is a hole that
penetrates insul aﬁ‘ur@qyonummnﬂmoﬂadtdreh{ym‘slﬁlca:ctsbhdeelem@fdly@fc PdyerThpough
hole 24 is a hole that penetrates insulating portion 31, electrode portion
21, val ve nBea| %ﬁé@c’le@d&ybﬂmdmgéﬂloedwmnfelﬁldtajfd'oﬂl& apptﬂymg tenductive
electrolytlc | ayer and reaches current collector layer 12. These

t-hrough hol E§S%°&n%P12@f edeeirpbyitedapor 122 er Ingrdabing pgrtiencding, pymwidédng,

and ot t hods. Insu.Latlng film25 is forned on the inner wall of the
t hr oug ol Ior covering these entire portions, and formed by molding using epoxy

resin or other materials. As shown in the drawing, through hole 28 is

a hole that penetrates insulating portion 31 and reaches electrode

portion 21. Through hole 24 is a hole that penetrates insulating

portion 31, electrode portion 21, valve metal sheet body 11, dielectric

15 layer 13, and solid electrolytic layer 22, and reaches current collector

layer 12. These through holes 23 and 24 are formed by laser
machining, etching, punching, and other methods.

Insulating film 25 is formed on the inner wall of the through hole

24. These through holes 23 and 24 are further subjected to copper

20 plating or other treatment to form conductors 26a and 26b, respectively.

Conductor 26a in through hole 23 is structured to be electrically

connected to electrode portion 21 only. Conductor 26b in through hole

24 1s structured to be electrically connected to current collector layer 12

only. | ?

25 On the exposed surfaces of conductors 26a and 26b formed in

these through holes 23 and 24, respectively, connecting bumps 27 made

of materials, such as solder, gold, tin, and silver, are formed. The

number and pitch of these connecting bumps 27 are equal or larger



24. These through holes 23 and 24 are further subjected to co P2

pl ati ng or othe? treatnent to form conductors 26a and 26b, reggggPFW'?§m04
Conductor 26a in through hole 23 is structured to be electrically

connected to el ectrode portion 21 only. Gdnductor 26b in t hrough hole 24
I's structured to be electrically connected to current collector |ayer 12
only. 25-On-the exposed surfaces of conductors 26a and 26b forned in these

. ' b 27 mad f
i or ol o, Gk 1R8O ot e ERRRELAKE Puunf O b Do IBRy (i 056s? Hiller
[ ' I [..25 No
o than ¢ hose® GROPRLEAEER AR, TEbAle Ry Bkt 1 Rednbet b US §or e

nmount ed af t ggREASon G RREL é&%@ﬂ%gﬁg@ Wm&)@aﬁnaé&n?%lbd{f&grf %Jemg(so\ggﬂﬁg%b on

to the connecting bunps on sem co ct or “conponen can

mount i Ng ot & HeCHBON 5} %%mti%%c&}ﬁa% @oﬁgbﬂ$ﬁ§§ isg, Quch 25 ﬁhé'c}ﬁpcleers%%&
A , on e

capacitor, and chip inductor. ditionall or me the si faces and

bot t om f5aceckip cémsHi@tAPACIREF, 49D cBIp 3h8ub¥SEr nal terminals 28 and 29,
each connect eé) to the electrode portion 21 and current collector |ayer 12.

External term ndddi2fraily,2Jonmedelrctticadidy dapsaechind HRtidkoyahs hgke 10
el ectrodes 35a and 35b provided in circuit board 18, respectively, and

have el ect rircailatiorgnpottion 31 bite txte pruhktalen Dialshes aa@aed! 84ach Cohpektdke
conponents 32, such as a chip resistor, chip ceramc capacitor, and chip
i nduct or, a¥ee there¢lestrateu poetioon 2l nauta¢ung njoedll @rtor Shyetrol £ or Mxteehntui t
nodul e. 15 In this manner, sem conductor conponent 40 and the |ike can be
mount ed on Er@igiade &8 t andsifdkt ar¢ keledricdlll econntgiede twapEnicugh-hdhe s

10  electrodes 35a and 35b provided in circuit board 18, respectively, and
have electrical connection with the outside of the capacitor.

Chip-like components 32, such as a chip resistor, chip ceramic
capacitor, and chip inductor, are further mounted on insulating portion
31, to form a circuit module.

15 In this manner, semiconductor component 40 and the like can be
mounted on one side of the sheet-like solid electrolytic capacitor. This
eliminates the need of wiring patterns for routing and thus remarkably
improves high-frequency response. In other words, a failure such that
small resistance or inductance existing in the wiring patterns

20  fluctuates the voltage and the fluctuation causes malfunctions of
semiconductor component 40 can be prevented. Especially when
high-frequency voltage is appiied and the rise time becomes shorter,
voltage drop caused by inductance components becomes larger. For
this reason, the present in’fvention that can prevent such a failure is

25 highly useful. By further incorporating other components 32
constituting the circuit, a thin circuit module can be realized.

The present invention is structured so that the above-mentioned

sheet-like solid electrolytic capacitor is embedded into circuit board 18.



elimnates the need of wirin atterns for routing and thus r rkab
i nproves hi gh-frequency respgnge- I n other words, ga failure sﬁ%ﬁqc{vﬁlﬁjt’%g%ﬁl
resistance or inductance existing in theyyiring patterns 20 fluctuates the
vol tage and the fluctuation causes nal functi ons of sem conductor conponent

40 can be prevented. Especially when high-frequency voltage is applied and
the risetine becones shorter, voltage drop caused by inductance -

conponents Begolds d pegsfectivs view showas®how heshees ke sdlv@nRlbeRolytae can
prevent such a failure is 25 highly useful. By further incorporating other
conmponent s Sdpaciogsis tuibelyiddinta 4 @induit ddaidn circuit nodul e can be
realized. The present invention is structured so that the above-nenti oned
sheet -l i ke sol i d Hextthiké ytsotidc aplecitaytics engedded BBt ascigteuttudedar gs 18.
25 Novenber 2004 10 Fig. 5 is a perspective view show ng how a sheet-1ike
solid el ectdesgibed atapeci t Circudt drivaddd@8 hasoa aecess wapabdaref r&eeing i ke
solid electrolytic capacitor 33 is structured as described above. Crcuit
board 1& hasheetrBkessoladpelsicbrayticecapatiigr 83shéarcuitkboand i 18 ellecthas ytic
capacitor 33. Crcuit board 18 al so has_thr ough- hol e el ectrodes 35a and 35b
made of t hrehphedvhele elegtzades Bha apdddeh imadamicthraughihplas fillednwéth
external termpals 28 and 2 g& sl&t{aet- | ke solid, el ect_roLSytic capaci tar
33, to ensufAIERRYS iateHghn LI welok exterrabdexmipals 38 andc 29 oboar d

18 and shecte LRI FLSGH LIS conac L or 23, B ded on Lje back
o cotrt el GOIESH! Pl A, ERUDE D0 SP! FERERYSH, YR M sona
el ectrqlyti gle%l?l%ﬁ%itcocrap?ﬁ%i{osr ggpntffi%vided on the back face of circuit board 18
are wiring patterns 34a and 34b, which have electrical connection with
through-hole electrodes 3ba and 35b, respectively. Because of this
structure, when sheet-like solid electrolytic capacitor 33 is mounted
into circuit board 18, power is supplied to solid electrolytic capacitor 33
15 from the back face of circuit board 18.
With such a structure, because the body of sheet-like solid
electrolytic capacitor 33 does not protrude outside, or because the hight
of the capacitor 33 is smaller than the thickness of the circuit board 18,
the volume of the circuit module can be reduced. Further, the moment
20 sheet-like solid electrolytic capacitor 33 is embedded into circuit board
18, electrical coﬁnection with the outside thereof can easily be obtained.
Additionally, it is possible to mount other components directly on this
sheet-like solid electrolytic capacitor 33 and the back face of circuit
board 18. It is also possib¥e to mount other components directly under
25 sheet-like solid electrolytic capacitor 33. Therefore, the area of'circuit
board 18 can drastically be reduced. Further, because additional
wiring is not required between sheet-like solid electrolytic capacitor 33

.and other éomponents as described above, electrical loss can further be



into circuit board 18, power is supplied to solid electrolytic acjt 3
15 fromthe back face of circuit board 18. Wth such a structdpéggﬁ@%%§@8§

t he body of sheet-like solid electrolytijg capacitor 33 does not protrude
out si de, or because the hight of the capacitor 33 is smaller than the

t hi ckness of the circuit board 18, the volume of the circuit nodul e can be
reduced:. Furt her, the nonent 20 sheet-like solid electrolytic capacitor 33
i s enbeddedradtaedcircuit board 18, electrical connection with the outside
t her eof can easi IEy be. obtained. Additionally, it-is possible to nount

ot her conponent s Bdgr écisl 3lsoran kixploddb persp datree viewedheoring howe acedpsdi-t or
33 and the back face of circuit board 18. It is also possible to nount

ot her conpohlibatsolil elastrelyiimieapagteheeemhdddesbin @ eirewitripdand.c capacitor
33. Therefore, the area of circuit_  board 18 can drastically be reduced.
Furt her, becausefadantiilaygredveirentt boandt is snade cof Bashedncuiteboard k36
solid electyolytic capacitor 33 .and other conponents as descri bed above,
el ectri ®al L%‘é@%&ﬁeflﬁ?grﬁgr agel secopsl; epprant Jyped) 38, waumegntingg. Sheed- g so
an expl oded,.pers tiye view.show ng how a .sheet like solid electrolytic
capaci t or idléﬁﬁnﬁ I ‘ﬁr"aﬁ’&? SRRAR g.o Asnitrugtiyedeto cbe ctheeipedr i s

boar d 38 T orARAKIHTE RS a7 10 itp. BB PicBREReAGH %@'gsﬁ% A0 bq the

q : . : . 7 : . .
board 36 by Gon CREGIY BatR 25 2PAESE PRPILIY s hRa' 38 4k Ferinpd o, s
34 d 34 . d<Ci ; ) ' )
56 and 29 ot SeEghdCrplic baRraCEN ESubELY (BRRflaRE DA R DY JERdTE! S

r)wr (N0 10At L Gelirolffic ERfaciflr 'ARPHTLHYaldbctR"dntb ol Witing PUREEROBAS

and 34b respectively, and electrical connection is provided
therebetween.

With this structure, effects similar to those of Fig. 5 can be

obtained. Additionally, because wiring patterns can be formed on both

15 sides of the two circuit boards constif,uting the multilayered circuit

board, the area thereof can further be reduced.

Third Exemplary Embodiment
A specific description is provided of the third exemplary
20 embodiment hereinafter with reference to the accompanying drawing.
Fig. 7 is a sectional view of a circuit module in accordance with
the third exemplary embodiment of the present invention.
Circuit-board-having-openings 36a, 36b, and 36c¢ and circuit-
board-for-mounting 38a, 38b, and 38c have structures similar to those
25 of the second exemplary embodiment shown in Fig. 6, except that
circuit boards 36a, 36b, and 36¢ also have wiring patterns (not shown)
thereon. Solid electrolytic capacitors 33a, 33b, and 33c have a

structure as described in the second exemplary embodiment. The



t herebetween. Wth this structure, effects simlar to those of,FfiQ,
be obtained. Additionally, because wiring patterns can be forzr?eN 8?11?%%@4
15 sides of the two circuit boards constil'gthi ng the nultilayered circuit
board, the area thereof can further be reduced. Third Exenpl ary Enbodi nent
A specific description is provided of the third exenplary 20 enbodi nent
hereinafter-with-reference to the acconpanying drawing.  Fig. 7 is a

sectional vihitlofess 6f eieuit BBAUlS J0%,336WN dARCTEMLS BubBRaAfibllg 84848 Y
enbodi ment of the present invention. Circuit-board-having-openings 36a,

36b, and 36¢hanthickness tof Hoedtdliker sslRdndledtro3Peic Gfuciend 388, BBIE and
structures simlar to those 25 of the second exenpl ary enbodi nent shown in

Fig. 6, excépt. tibaime concpohebizadisa@bmowifed snds3acbalidye tiay eaphativogs
patterns (not shown) thereon. Solid electrolytic capacitors 33a, 33b, and
33c have a aadrthd oneuat bdasds ilzednignopdm neec andl hxeapilactrienbeshk mestion The
25 Novenber 2004 12 thickness of circuit boards 36a, 36b, and 36cCc is

subst ant® al mitlkquidle toutsile tthieskobss dlireudetboaids s86ad 8bbct maldyt Bée
capacitors 33a, 33b, and 33c. Sone conponents 32 are nounted so as to
bridge the tegu@oratng empomends Zupndbadidislécivobdiopapacigers 38d., 33be

el ectrical connection 5 wth the outside thereof. G rcuit boards 36a, 36b,
and 36¢ i n&8fpdrat iyl cavAIdAdmardsy 38ad 3%h.i and) 88¢erane dispeseshdpt foren 334,
33b, and Bﬁc,. am% gi rcuit boards 38a, 38b, d BEi{: are digposed to form
hori zontal Pa¥ontal dayers fasing kach eiperpet HE CHHBAFABPORABE hese

soar s, e (ot o6 L0, Lol 4o TR gL Bhcanibondad s 00 e 1 e
10 this time, these boards are electrically connected to one another by
providing electrical connection between parts of wiring patterns.

With this structure, because respective solid electrolytic
capacitors 33a, 33b, and 33c¢c and corresponding components 32 are
easily connected to each other on one side thereof and wiring patterns

15 can be eliminated, the resistance component (ESR) and reactance

component (ESL) are reduced.

Further, the layered structure can reduce the area required for
mounting. Additionally, because solid electrolytic capacitors 33a, 33b,
20 and 33c and components 32 inside of the mu'ltilayered circuit board can
be shut out from the outside by filing material 39 and the circuit boards,
they are unsusceptible to environment. This increases the reliability

of the circuit module.

)

25 INDUSTRIAL APPLICABILITY

As described above, the present invention provides a circuit

module structured so that a sheet-like solid electrolytic capacitor is



provi ding el ectrical connection between parts of wiring patterys;. With | S
structure, because respective solid electrolytic capacitors 3%5}10"5@%? 2?@%
33c and correspondi ng conponents 32 are 1%asi | y connected to each other on
one side thereof and wiring patterns 15 can be elim nated, the resistance
conponent (ESR) and reactance conponent (ESL) are reduced. Further, the
~layered structure can reduce the area required-for nounting. Additionally,
because sol bghtRlddeldr dhtd iaC cHRIRIE IHRAE 33@: 08y AthFBHEPFRC a8Rd i LTRSS
32 inside of the nmultilayered circuit board can be shut out fromthe
out si de by ¢irkhitg 4@t ®ovdltedUizoeklyver 6F hgMdielr thRAFEd elddtIlsRIEcapacitor.
unsusceptible to environment. This increases the reliability of ?he
circui t nodThe.a@a ANDUSTIRIAL rARRL<AAB L hloh S ngest bloesb lbsade, Fhethgesent
invention provides a circuit nodule structured so that a sheet-like solid
el ectrol yt i comapaton chak sadshdpeefiane200Rhbdtenbbditathli wiring &in evilicboar d
and ot her conponents and integrated circuits are nounted directly on or
under t e selectiriehbdosolikel ESFpaci ESL inTihe aireaitiacddvespesallygimpedvé or
mounti ng can_be reduced. Further, connection that can be performed w thout
addi ti onal high-frpqusnaevecieragesisdins:i cal | oss like ESR and ESL in the
circuit and especially inprove high-frequency characteristics. 25
Novenber 2004 14 CLAIMS 1. A circuit nodul e incorporating a sheet-1like
solid electrolytic



capacitor into a circuit board, wherein said sheet-like solid gﬁct rg‘lnéryztohi
5 capacitor conprises a valve netal sheet body having a porous SUTfa

at least a part of one side thereof, a dijglectric layer formed on the
porous surface, a solid electrolyte covering said dielectric |ayer, and a
current collector layer forned on a surface of said solid electrolyte. 10

~ 20 The-circuit-nodul-e-of Caim1l, wherein said sheet-like solid -

el ectrolytic capacitor further includ€sLADMSIt er insul ator covering an
entire surface of said sheet-like solid electrolytic capacitor, the outer
insulator has a first through hole filled with a conductor reaching said
val ve netal sheet body and a second through hole filled with a 15

conduct or reachi nlg Aaiidceiir memhule dricecporatiages . shiketTlike cdalidiielle oirdigigc of
any one of Clains | and 2, wherein a recess forned in said circuit board
recei ves sar@patider ihfke ottt bedwbtwbeyeincsgababettolikeasulid ailelctrolytie t
board and said sheet-like solid 20 electrolytic capacitor are electrically
connect €l t aRAGIKOHCREIDTIges PhEalve setal rdmdtebody blagiing3 porenei yurfacel
sheet-like solid, electrolytjc capacitor further_ includes a first |ead

termnal coPReth lapstoa Ravd ¢k pre side dhgmenbl @ diplpcirisclesied fosmed onnthel
connected to the 25 second t roul%h hql e on the sang aurface of the outer

i nsul at or, BREPWHEUrErce: e sehifselectraivie cavanmesrid dielsebidndayendandra nal
is connected to__sai ircuit hoard, 25 Novenber .2004 15 5. The.circuit
mdul e of - Cratians Calfketor Tekes EOIRER Y pRIare f SSILePRe Serasime, ¢ or
further includes a first external term nal connected to said val ve netal
sheet body and a second external term nal connected to said current

col | ect | ayer, oang, 0 Qﬁr@&ittt xgl%dfuilé ¢ élff&ef,n%lhe&'g{nmsg% s ne%tzlri]Ee St d
external termnal is connected to said
electrolytic capacitor further includes an outer insulator covering an
entire surface of said sheet-like solid electrolytic capacitor, the outer
insulator has a first through hole filled with a conductor reaching said

valve metal sheet body and a second through hole filled with a

15 conductor reaching said current collector layer.

3. The circuit module of any one of Claims 1 and 2, wherein a
recess formed in said circuit board receives said sheet-like solid
electrolytic capacitor, and said circuit board and said sheet-like solid

20  electrolytic capacitor are electrically connected to each other.

4. The circuit module of Claim 3, wherein said sheet-like solid
electrolytic capacitor further includes a first lead terminal connected to
the first through hole and a second lead terminal connected to the

25 second through hole on the same surface of the outer insulator, and one
of the first lead terminal and the second lead terminal is connected to

sald circuit board.



circuit board. 6_ The circuit nodule of Caim3, wherein said %i cuit 38€rd
further includes a recess through hole filled with a conduct or2>d¥pPVEmag 2004
bottom face of the recess thereof, and ogg of the first external term nal
and the second external term nal of said sheet-like solid electrolytic
capacitor is connected to said circuit board via the recess through hole.
7o Thecircui-t-nodul e of -any one-of Clains 1 and 2, wherein said 15 ~

circuit board ha$. &rhepeniuig, maddld d Oham IRy wheesMesasdishedidike |dotil
solid electrolytic capacitor 8. The circuit nodule of any one of Clains 1
and 2, wherdienttdigticcicapuaditomdiitreheonpnchedess harfirmat eskthoanll hamhgah
plurality of said 20 circuit boards | am nated one on another, at |east one
of the pluranngctefl tei sgid tvilver deetwds shieedpboidpgandnc ssconshesttelnkk
solid electrolytic capacitor is received in the opening and connected to
anot her ci rierminajcomhendpddonsaidocuteendi calléctobdaydrhanidnope lof thgefirsy. 25
9. The circuit nmodule of Claimb5, wherein the circuit nodule conprises a

| ami nat &d bodegnphierminabpoddihe sewmndexipraial darmipshisisonneptadatesaishe on
anot her, at |east one of the plurality of circuit boards has an opening,
sai d sheet -9ireitdnarg.el ectrol ytic capacitor is received in 25 Novenber
2004 16 the opening, and one of the first external term nal and the second
external termnal is connected to another circuit board adjacent to the

wher oi n said- shobt Tt cSEGRT gl PRI IR clp RA4RSIR hSRion S Ll 237
; ;L:t o:‘ e? ﬂ eftug'{gg‘gf ailnl%h@@?%?ao rr_%lcgésa ltihtrXugfl G r}‘ljllle& avqriighe ramcg?lldsuc or tof}le aane
10 bottom face of the recess thereof, and one of the first external terminal
and the second external terminal of said sheet-like solid electrolytic

capacitor 1s connected to said circuit board via the recess through hole.

7. The circuit module of any one of Claims 1 and 2, wherein said
15 circuit board has an opening, and the opening receives said sheet-like

solid electrolytic capacitor.

8. The circuit module of any one of Claims 1 and 2, wherein the
circuit module comprises a laminated board having a plurality of said
20 circuit boards laminated one on another, at least one of the plurality of
circuit boards has an opening, and said sheet-like solid electrolytic
capacitor is received in the opening and connected to another circuit

board adjacent to the circuit board having the opening.

1

25 9. The circuit module of Claim 5, wherein the circuit module
comprises a laminated board having a plurality of said circuit boards
laminated one on another, at least one of the plurality of circuit boards

has an opening, said sheet-like solid electrolytic capacitor is received in



10 11. The circuit nodule of Claim3, wherein said sheet-1i kesz%}hﬁ' b
el ectrol ytic capacitor has a plurality of first |lead terninal engber 2004
plurality of second | ead term nals on thglqsama face of the outer

insul ator, at |east one of the first |ea erm nals and the second | ead
termnals is connected to said circuit board, at |east another one of the
‘15 first—lead-termnals and the second lead-term nals is connected to other

el ectroni ¢ ¢RENGSEEng, 12nd ThiEe Gff @Hétfm@ﬁilélx%epﬁaﬂt@fﬁaﬁél %tfftgié"?%l?&n&t .

el ectronic corrponent i ncl udes a seni conduct or conponent .

circuit nmodykgefalaynoiiRldh @nidted tBMheshah@ehit hoerd aldj5eeit &P@Hée
conprises a |lam nated board having a plurality of said circuit board

| am nat ed osgcait bogtdéraviapdhat op&aigig.one of the plurality of said
circuit boards incorporates said sheet-l I ke solid 25 electrolytic
capacitor therein. 14. The circuit nodule of any one of Clains 1 and 2,
wherein the circuit nodule conprises a |am nated board having a plurality
of said &5 Novenildl. Phesidduitimodide odaClisn Syiwilaérdnosse doshesioliker soladd a
surface | ayer of the |am nated board incorporates said sheet-like solid
el ectrolyti€ &ﬁépdmtxcmcaptahdmel has5albluidlétyciofc first nechd ¢eomiBhds m2d a
wherein the circuit nodule conprises a |lam nated board having a plurality
of said cirelnral b‘ZYaers segamd nlatast teamisrlanerhthe sameafateast thiee ovfterhe

plurality of seﬁ circuit boards incorporates said sheet-like solid
el ectrol yti B28HB&RTtor having an el ectroni ¢ conponent connected to the
sane face of the outer 10 insulator.

10 11. The circuit module of Claim 3, wherein said sheet-like solid
electrolytic capacitor has a plurality of first lead terminals and a
plurality of second lead terminals on the same face of the outer
insulator, at least one of the first lead terminals and the second lead
terminals is connected to said circuit board, at least another one of the

15 first lead terminals and the second lead terminals is connected to other

electronic component.

12. The circuit module of Claim 11, wherein the other electronic
component includes a semiconductor component.
20
13. The circuit module of any one of Claims 1 and 2, wherein the
circuit module comprises a laminated board having a plurality of said
circuit boards laminated one on another, and at least one of the
plurality of said circuit boards incorporates said sheet-like solid

25  electrolytic capacitor therein.

14. The circuit module of any one of Claims 1 and 2, wherein the

circuit module comprises a laminated board having a plurality of said



ABSTRACT The present invention ains to provide a circuit md“'z%ﬁohx‘%‘xtnbrzom
reduces an area and volune required for nounting el ectronic corrponenffs

i ncluding a sheet-1like solid electrolytiﬁ7capacitor. In the sheet-1ike
solid electrolytic capacitor, valve netal 'sheet 11 has dielectric |ayer 13
and current collector layer 12 fornmed on the surface thereof, and is
packaged-by-i'nsul ators 14 and 15. The circuit nodule is- structured to-

enbed the shigghit bk8rd9! ladhBlAGH" Bh¥tdE £LRPARI Und M QurPAéEUble P the
laminated board incorporates said sheet-like solid electrolytic capacitor

therein.

5 15. The circuit module of Claim 2, wherein the circuit module
comprises a laminated board having a plurality of said circuit boards
laminated one on another, and at least one of the plurality of said
circuit boards incorporates said sheet-like solid electrolytic capacitor
having an electronic component connected to the same face of the outer

10 insulator.





