25 Novenber 2004 1 DESCRIPTION CIRCU T MODULE TECHN CAL FI ELD The present
I nvention 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 volunme of equipnent 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-1ike solid electrolgtic caﬁﬁEC&ﬁNIeéﬂpFigﬁg)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 zi i thncorporating the circuit
nodul e. To achieve this BRCKGRBURTT ARt

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.



obj ect, the exanple enbodinents are structured to enbed a sheet-like solid
el ectrolytic capacitor inside of a circuit board. 25 Novenber g@ﬁéveg}bgﬂo%ﬁ
DESCRI PTI ON OF THE DRAWNGS Fig. | is an expl oded perspective View of d
sheet-like solid electrolytic capacitor ?n accordance with a first

exenpl ary enbodiment 5 of the present invention. Fig. 2 is a sinplified
'sectional viewof an-essential part of the sheet-like solid electrolytic

capacitor in accordanc%mhgf\ Iﬁﬁg‘)éﬂ{fﬁhoﬁw'ﬂ% ﬁﬁ)}gﬁg@% of the present

invention. Fig. 3 is an exploded perspective View o it nmodule in
10 accordance with the first exenplary enbodi ment of the present
I nvention. Fig. 4 is a sectional view of a circuit nodule in accordance

with a second e ol qry, oghi Bl 40 PiesePle N i H: g a
per spective view of the Sc?{%)u%ﬁ%o l(,li| @eﬁgﬁgcéogdafnecv{é Hﬁgﬁw t ett lgesg%léﬁd

exenpl ary eghdidBitic hphéiCoPiRSRRbrAAMEO W AR a Fi18t RehfpBFyeMbodedent
i thd

perspective view of a circuit nodule in accordance wt secon

-exenpl ary egbeHe ekeft ihbPentibasent invention. Fig. 7 is a sectio_nal Vi ew
of a circuit nodule in accordance with a 20 third exenplary enbodi nent of

the present inverfigorg i8ESEipDE: ddDReCHBRYI Nae@Ubf HiE csbVENAI QMhrkhef Bhesent .
I nvention provides a circuit nodul e incorporating a 25 sheet-like solid
el ectrol yt i sheaiphidkiet aolihtdeatmilytivi tapaaitdrt iner acfordBigce with the first
exemplary embodiment 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.



sheet-1ike solid electrolytic capacitor is structured to have QSN&%%%ﬁzmm
netal sheet body that has an el ectrode portion on at | east one side

t hereof, and porous portions on the other,side to the el ectrode portion. 25
Novenber 2004 3 The sheet-like solid eIec?rontic capacitor is also
structured so that a dielectric layer is provided on the porous portions
of-the-valve netal - sheet body, a solid electrolytic |ayer is provided-on

this diel ecihieCshéyelike 861d 1kt PEicCOAP BGLOF i ANSH dtsubal senﬁﬂzm 8
solid electrolytic layer. 5 Enbedding the sheet-like solid electrolytic

capaci tor i diglethec dafeviis phRABIdCan tRKBotH8s Pdréitds BPIReCyERBLKARIY
thin. The present invention also provides a circuit nodule in which a

circuit boashe¢hbodpfa kobidaeleetsilytitdayesesprdvided @ALtNisNdicl86888 layer,

receives a sheet-like solid electrolytic capacitor, and the circuit board

10 and the sofia ceireent @oyliectorc dppei ivfonmedebralyis aalid etavtneBbited 1apecach

other. This structure allows the sheet-like solid electrolytic capacitor

to be erbedBewhedding the esheatdbikehsoldf eleetbdytizdcaphcigasiinto e dir@sent

invention further provides a circuit nodule in which a circuit board

thereof hasbeardganimgketthe ciwenithmadateineesaskabbethin.ke 15 solid

el ectrolytic capacitor, and the gircuit board and the solid electrolytic

capacitor are el ddte P&aseRt teyeridenalse pravides ecircnit moduleutn wisichl dows

el ectrical connection between the sheet-like solid electrolytic capacitor
and both si #EEuPt haggdcithenee! tens 2 rerai¥mye repassasthry ravelvie execes

wiring freely. .20 The, present inyention further provide cL[cult nodul e

i n which ar%’r? S ﬁ}ég%%fﬁi& %‘P]ééterrlSFWIEtIEa‘f%qlB?r'rﬁ%‘f&%eo@ﬁﬁﬁlq heardt or -

and 10 and the solid electrolytic capacitor are electrically connected to each

other. This structure allows the sheet-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



external term nals provided on the end face of the outer |nsulfg$)%§%aﬁm04
electrically connected to conductors in the circuit board thereo
structure facilitates electrical connectign between the sheet-like solid
25 electrolytic capacitor and the inside 6f the circuit board. The present
i nvention further provides a circuit nodule in which the exposed surface
of a sheet=like solid electrolytic capacitor incorporated into a circuit

portion anden Geeseri it ARRCH FlrkRe SRR OO YFPRFof A sy B BSL LB o1
and the leag%f)géiﬁf)flal and' %h%' %taﬁ' C@rh}(mcaqgn%%edelkﬁtn&?ﬂ ucctoﬁ’x cg&-tlt%

circuit boar S structure facilitates electrica con ectlon

the sheet -1 pkgdaptdid 6hed Qiddui€ KARAC! t'ﬁhsa@@rﬁ&glref’fa%ﬂlftéﬁ% Qie%

circuit board. The present invention furt provi circuit

which the expaseoAUbéResowithe Shest- i1|1dek§01§Q|él@cﬁlo%hcoéé/ﬁé(ﬁt&za%%‘a EHé
I ncorporated into a circuit board has a plurality of lead termnals

connect €51 t pusfacel eftthodacndr bbepdand a current collector layer of the 10
solid electrolytic capacitor, and the lead termnals can electrically be
connected to ot héFhepessewhicvaotipafartber phoideikraleineitt avsdvleduc® hithe
vol unme required for nounting conponents and the length of wiring, thereby
reduci ng t hthe esixpbaede ssofipoment EESHeetnikeeaatlahceledoohabencapktpr 15
The present invention further provides a circuit nodule in which a

sheet - I i ke butargozieed rigityt pccigapitilicerdhdmisng plheality edt lemd cterconpdsent s

connect ed to |l ead el ectrodes on at | east one side thereof is
connected to an electrode portion and a current collector layer of the

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.



I ncorporated into a circuit board. This structure can reduce t vo%u[@ gf
the circuit board and conponents after nounting. 20 Additional 5ecE: 8
the sheet-like solid electrolytic capacitor and the conponents are
protected by the circuit board, high rel i Abi lity can be ensured. The
present invention further provides a circuit nodule using a sem conductor
conponent ~For—thi-s nodul e, because asheet-like solid 25 electrolytic~ -
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capacitor is incorporated into at | east any one o ayers consti

nul ti | ayer egirehftCHbhr &P R éhe ek theaY85+HW of ?ﬁé&ﬂﬂo&‘a?gﬁ% deni Il AAZCR LR

degree of incorporating components freely, 5 thus c ributing to

downsi zing tiud beneribukindres donshiRen ®oEIRBledtAME M dDHlefl Ur t her provides a
circuit nmodule in which a sheet-like solid electrolytic capacitor is

i ncor porat ed i nt @'lad presatt ihention faechdpesvidessd tireuinendddentd whigyer ed
circuit board. For this nodul e, because disposing the sheet-like solid

el ectrol ytia shaptdikosolid dlectwrolypesidparitomid hecoapoirated iayeatdbhoyshe
conponents to be nmounted directly onto the solid electrolytic capacitor in
t he surfacesurfpee bLfyerheonbtmtings aheovsulkilagsred conpiindonsdcaFeadibiy be

nmount ed and connected . . ) ) ] . )
module, because disposing the sheet-like solid electrolytic capacitor in

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



15 First Exenplary Enbodi nent A specific description is provi of th
first exenpl ;nr)y gnbodi ment hereinafter wwth reference to thgdétc:}\(l:%’ g‘?{;&ﬁo%
drawings. Fig. 1 is a perspective viewof a circuit nodule in accordance
with the first exenplary enbodi ment of the present invention. In the first
20 exenpl ary enbodi ment, alum numfoil is used as valve netal sheet body
- 11.  Part-ofone side of the-atum numfoil is etched to have-a roughed-
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i nsi de of th@léﬂisﬁgp%meeq@y@f?nﬁaﬁg%f aSHOWRYiaM e |§§&{d§gﬁrﬁﬁ9nﬁg&i on,

solid electrolytic layer 17 1S forne by chem cal polyne on or

el ectrol yti poBaihiophésal i OPrasEided dnd JoMHEtdIRBRo1PakY MRy el ay'ﬁrisz%ngrQLta

mat eri al, such as polypyrrole and polythiophene.” Provided on soli

el ectrol yti eollegtor 1a¥et 92csHdwentin Eid. |16Ct Dhe hinetchdd piewh bPvELE wktalhe
unet ched portion of valve nmetal sheet body 11 acting as an el ectrode and

thi s currensheat bedydrl hehing d2anvelekticgeshdrthio ciarent coHpatirt BiyeRoI2i on.
10 This capacitor portion is nmounted and seal ed whil e bei ng
: work together to form a capacitor portion.

10 This 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



sandwi ched between upper insulator 14 and | ower insulator15. | u r
I nsul ator 14, connecﬂong termnals 16a and 16b are forned by %W‘%ﬁ’géﬂoo‘*
t hrough holes with electrically conducti vz material. Connecting term nal
16a has electrical connection with the unetched 15 portion of valve netal
sheet body 11. Connecting terninal 16b has electrical connection with
~current collector |ayer 12. This structure provides electrical connection

bet ween t heif apeiit BhaPITY &0 tRAE th@%ap‘%it%‘rqg etrlﬁ'ﬁé&%d tﬁ@?elb S50 rb&ﬁ@%
solid electrolytic capacitor is enbedded into a circuit board int

form shown {lie Fbbum3, off the €xEFBcerc it Houir 1PAf@r cla§1 oS RPRRfARe 182
for receiving insulators 14 and 15. ' Munted intot hoIe I's the

sheet -1 i ke Thiié ccael edss olehice ¢hpacohahe n@ﬁ@léﬁtrohf@@h&‘i}@ﬁﬁenyfug% Jtﬁus
incorporating the capacitor portion therebetween. On the surface of

circuit boacitctB, medulag Rdugh murifee aad dd¥ilyabe Rbried FRALMATA WG foil
patterns 19a and 19b have electrical continuity wwth connecting termnals
16a and 516bto increasdutiorseaOa uhdiitdinly,obéctarse tideehdt dager 13 is thin
respectively. Munting the sheet-like solid electrolytic capacitor into
hol e 182 25amd\demses tgemap'acntamer camn tbebardaiéd sad leatzer lvapagpianideotan s
embedded therein can reduce the volunme of the entire circuit board 18
af ter conpohfPsused indheiloam ofpishesdn Allves.rideuedid kleatobiytic edpacitor
pnment using this_ _circuit nodul e. Rough surface can easily

el ectronic
be forned o?#q &Pﬁrﬁ tRuat s %S Su%t@hlﬂépéapsenﬂtheéld&ﬂealtomawntd@mnMSbecause

ric layer .13.is thin and .dense, e capacitance can .be increased
glngl ?;ﬁ ger Ca%aCII ahl& fi]ésﬂ: exemplary embo 1menF1): aluminum foil is used 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.



be ensured in the formof a sheet. Thus, the solid electrol yti apacitor
of this structure is suitable to be enbedded into circuit boar%sﬁ%‘%m%ﬁ%%6
first exenplary enbodiment, alumnumfoil is used as 10 valve netal sheet
body 11. O her materials, such as tantal u§1 in which a dielectric layer
can be forned on the surface thereof can also be wused. The dielectric

| ayer can-al'so be forned by coating of organic material or using a thin

' ' | I | zation. 15 S d
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sheet body 11 is made of alum numfoll having an ‘etc o hody Ly s
portion 21 by phewidad polyaersiadfonl of hikcyadlyeic M £&tioROY Ldtiq
this elect r(l))ge portion gl,ﬁtﬂhe unet ched side gan E%Hgse%nw t hout any
treatmens i eledteohase lafeal a0 muwdd 0bf = Ihatéridd, aue® RES P Sy hR1E O& i
anot her layer nade of a netal, such as gold, copper, and nickel, on the
unet ched si golythibphenwe el ectrical conductivity and envi ronment al
resi stance. The another |ayer can be fornmed by vacuum deposition ,
sputtering or el dteridepl anrngrt 26llhotenterer200418 sblidt bkictrolgtitel Apiap2
sheet body 11 except el ectrode portion 21 is anodized to formdiel ectric
| ayer 13 oncehdefemmad fyubhnding soadustiveometal foil or applying conductive
paste on solid electrolytic layer 22. Insulating portion 31 is provided
10 for 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



and the surface of micropores. Further forned on dielectric l.ailﬁov%%ber%m
chem cal polynerization or electrolytic polynerization is soli
electrolytic layer 22 made of a material, such as polypyrrole and _

pol yt hi ophene. Further, current coll ect or9| ayer 12 on solid electrolytic
llayer 22 can be fornmed by bonding conductive netal foil or applying _
conductive —pasteon solid electrolytic |ayer 22. Insulating portion 31 is

poxy rest Hgh BRKE IR P %ft@éérb&f%&%t%rﬁ@?wggﬁﬁg&ﬁp&%ﬁﬁgy”‘éhfL%?@gié”g
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punchi ng, and other nethods. Insulating fTIm25 is formed on t I nner ’wal |

of the thr ogleifp b&dmic2bapdtiese 4:4d eUYH iRQLesH 23 and 24 are further

subj ected to copper 20 plating or other treatnent to form conductors 26a

and 26b, respectiAdliyiodahgudbpredban NHNr4ideh fhede 28di ottdmCliryredoro be
electrically connected to electrode portion 21 only. Conductor 26b in

t hr ough hol msuWldtimge poriioh 8 Pdrt @xlterehkbtdrmnedlsy28& andeld cda el connkedd
collector layer 12 only. 25 On the exposed surfaces of conductors 26a and
26b for med ¥mthehadeettdicopghtionl 83 28dandr24t cdigsori Mgley, 12onikakirngl
bunps 27 made of materials, such as solder, gold, tin, and silver, are

formed. Thetermuinsds &% pndcRDf arhesleatvivadlyt | coniected %0 athercegglahobe

| ar ger
g 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.



25 Novenber 2004 9 than those of the connecting bunps on seniﬁgqguctgr 04
conponent 40 to be mounted afterwards. Connecting bumps 27 tH2t SFE HSP
used for connection to the connecting bygps on sem conductor conponent 40
can be used for nounting other conponents 32, such as a chip resistor, 5
chip ceramc capacitor, and chip inductor. Additionally, formed on the side
faces and bottom face of insulating portion 31 are external termnals 28

and 29, eacFRigofrect pdrspactive véewCili®den P dow aNsHdeitkeCsli@Resi2blasE OF

| ayer 12. External termnals 28 and 29 are electrically connected to

t hr ough- hol eagfciebedd eartasl Rbhimada 2pkeyit doiaddd in circuit board 18,
respectively, and have electrical connection with the outside of the
capaci tor. Chip- HHezteldkpomehids SR2ctesalghicascap adiitgr r 88i Skorstrabiyreder agi c
capacitor, and chip inductor, are further nmounted on insul ating portion

31, to forndascaﬁbegiabamdul@ircmt Iboardi 48nhanes , resess capddde oof conponent 40
and the |like can be mounted on one side of the sheet-like solid

el ect r ol9yt i sheefpliket splid Thlestradyiie napasitoheddeeliveuiti bpard pkd tadsashénr

routing and thus remarkably inproves high-frequency response- | n other
wor ds, a f bl hele eleatrasies [3hesnd; Sk anareioidfmoaboheldsstilled 1ath he

W ring pattern 20 fluctuates,.the voltage and the fluctuation causes
mal f unct i on%o'bcf“"stéﬁ‘i’ C'Bﬁﬁ%l’é‘la&w dausal 3%’0 eé‘éﬁr’é%fﬂfaé%ﬁﬁ 28aps- 28 p§

then o S LESIUEREY Aol LBe, s aPelL o6, andl e £1te 4 e berores, Saer e
reason, t hebetween the back face of circuit board 18 and sheet-like solid
10 electrolytic capacitor 33. Provided 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



present invention that can prevent such a failure is 25 highl sef ul .
further incorporating other conponents 32 constituting the ciérlscﬁlucfvte?lg?i %Oﬁ%(n
circuit nodule can be realized. The presgpt invention is structured so that
t he above-nentioned sheet-like solid electrolytic capacitor is enbedded
into circuit board 18. 25 Novenber 2004 10 Fig. 5 is a perspective view
show ng-how-a sheet-1like solid electrolytic capacitor is enbedded into a
circuit boarefiucthket-like solid electrolytic capacitor 33 is structured as
descri bed above. Circuit board 18 has a recess capable of receiving 5
sheet -1 i ke sol i d FEdgebtisailppian eapledaedpedgpedive viewdarwinis haksa diaset-

t hrough-hol e el ectrodes 35a and 35b nade of through holes filled with
conduct i ve hheaolil elagitrastiocapraritorxs emhdddest i patizced board9 of _
sheet-like solid electrolytic capacitor 33, to ensure electrical connection
bet ween the back#¥ aultgkayeredusircytabgard nanadkecs firge coenid hoard 36

el ectrolytic capacitor 33. Provided on_the hack face of circuit board 18
are wiriong PAYIRE QREBARE sh azub seen ¢ Kirane haagd pBclor mommddngon Sheaek-

t hr ough- hol g, el ec.rodfs 3@31 and 35b, respectively. Begause, of thi.s ]
structure, WhenseHdeplagiralydis crnaciter §Q ascs bredr ta3be srefsiReddin nt o

i i b d L i lid, el | i i 3 15
Crom'the batapddtel SpShine t‘i%ﬁt&iﬁﬁr‘éefr%wimbéﬁﬁeﬁ%iﬁ‘igfo'aﬁeé?@%%@ém et he
bod f sh - | ike. . ] Ay it 3 t t
oY, O Shoelcobld Gt Boafh o58. Okt SRRRFLAS a8 AR AP r PR
thi ckness oéhe{]grgc&%ﬂga;%ﬁggpsgr&%s. U RS YL RePhihifs Fd GWd 25Pdy! &1580 Pe

reduced. Furt
10  electrolytic capacitor are fixed directly onto the wiring patterns 34a

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



20 sheet-like solid electrolytic capacitor 33 is enbedded int I rcuit
board 18, electrical connec?ion mﬁ?h t he out si de thereof canq%a§wfvb%ém04
obtained. Additionally, it is possible t@, nount ot her conponents directly
on this sheet-like solid electrolytic capacitor 33 and the back face of
circuit board 18. It is also possible to nmount other conponents directly
under 25-sheet=li-ke solid electrolytic capacitor 33. Therefore, the area of

circuit boghitkkbspadf dirasit Gahkds Bo4d e3bisedndM6d hesubRbediatiyadghhi epal
wiring is not required between sheet-like solid electrolytic capacitor 33

.and ot her ¢hepdiiekhssaofdglsest-likd edlod esleet @ty ficCélpd@ssrsC8Baf WIH)esne 25
Novenber 2004 11 reduced. Fig. 6 is also an expl oded perspective view

show ng how3&8csh&etmé idoen sabémtseB 2 cdveo i it edapmaist € brslgentieddag aicitoas
circuit board. A multilayered circuit board is nade of first circuit board
36 5 havi ngndpgm niycdit hodrdedondng openimgsoandl BEve arleontiedl ognn&itbe -
l'ike solid electrolytic capacitor 30 is structured to be received in
capaci t g opabhingh®7 ¢utside ftbegeoti r circhtarbo®alshy36ej n§6bj xachdonB86et he
second circuit board 38. Wring patterns 34a and 34b are forned on the
second ci r cir¢orpeaatinggcompoaenis d2%anidrglid 2becindlytic odpaeitors 88a, 33b,
el ectrolytic capacitor_are fixed djrectly onto the wiring patterns 34a and
34b respect A% |5?Caﬁdlde|0&qmﬁ:c%9a1@§nﬁ§@sii%ﬁb,i angy 38 qaxe diseosaseacform Wt h
this structyre, effects similar to hosgl of Iag. can be _ obt ai ned.
Addi ti onal | FOTHORARS SAXPFP NG CHAE t AGIS LEBRTbe %mrifﬁwe@otthe QIPOYERLH
the two il RO §3a5805% Wi with AHihy' A%8L8%1%S Sid bonded. At

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



board, the area thereof can further be reduced. Third Exenpl ar 0

A specific description is provided of the third exenplary zoi%éﬁggFﬁﬁgﬁﬁi
hereinafter with reference to the acconpq@ying drawing. Fig. 7is a
sectional view of a circuit nodule in accordance with the third exenplary
enbodi mrent of the present invention. Circuit-board-having-openings 36a,

- 36b; .and-36c¢cand circuit- board-for-nounting 38a, 38b, and 38chave
structures gigFelddedt Pntd1@seire%ifhdahe aﬁqoa%@lx%mfaryeﬂgoaﬁh%g&mm in

Fig. 6, except that circuit boards 36a, 36b, and 36c al so have wTing
patterns (neircahiewe midieitedndirSedly ebe anideirithicCsd1aP R dtes 15 t 38 p B3Ror 2N
33c have a structure as described in the second exenplary enbodiment. The
25 Novenber TRQOdreb2ahlli vkn@se refjuttad ot nimaiting3Gm b36ksdwid. 36Euither,
substantially equal to the thickness of sheet-like solid electrolytic
capaci tors @8me@dim thad cadBbe psefiermedpoithois DBPddien dioeitiag G asdhee
bridge the capacitors and the circuit boards havi ng openi ngs, and have

el ectri dal elentical dosslikiet EShensuESIdent ther enfeuni CanduespbaatlysiBpaovah,
and 36¢c incorparating conponents 32 and solid electrolytic capacitors 33a,
33b, and 3Bigh-dreiwdneyucharactedistd®a, 38b, and 38c are disposed to form
hori zontal |ayers facing each other. Gaps between the conponents and these
boards are filled with filling material 39 and bonded. At 10 this tineg,

t hese boards are electrically connected to one another by providing

el ectrical connection between parts of wiring patterns. Wth this
structure, because respective solid electrolytic



capacitors 33a, 33b, and 33c and correspondi ng conponents 32 easi |
cognect ed to each other on one side thereof and wring patterﬁisﬁ%’eglg?{%gd'
el imnated, the resistance conponent (ESR), and reactance conponent (ESL)
are reduced. Further, the layered structure can reduce the area required
for nmounting. Additionally, because solid electrolytic capacitors 33a,
~33b,” 20-and~33cand conponents 32 inside of the nultilayered circuit board
can be shut out fromthe outside by f¢LADNIS®terial 39 and the circuit
boards, they are unsusceptible to environnment. This increases the
reliability of the circuit nodule. 25 | NDUSTRI AL APPLI CABI LI TY As

descri bed above, the present invention provides a circuit nodule
structured so that. A dheeit- ddeilsdricdrpbeatingl ytsheetadpheidodid iederoNotienber
2004 13 enbedded into a circuit board and other components and integrated
circuits areapdtiterdnth recirtyitopoard, umbiereitheasbkheetelidket sallig tellectrapyaict or .
The area_ and volune required for_nounting can be reduced. Further,

connect itn E#BACIEAR chmpEreDEAnEalvg mefiad shititt bodmhamingny plola:nuseaiud'eCS
electrical loss |ike ESR and ESL in the circuif and especially inprove

hi gh- f r equefByRlciRastc diardtelcane side Nbwappbra Zbelpctric layarvormedyos thei t

nmodul e i ncorporating.a sheet-like solid electrolytic.. .
pgrous su(laface, a solid electrolyte covering %/ald dielectric layer, and a

current collector layer formed on a surface of said solid electrolyte.

- 10 2. The circuit module of Claim 1, wherein said sheet-like solid
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.



capacitor into a circuit board, wherein said sheet-like solid %I ctrolgbic
5 capacitor conprises a valve netal sheet body having a porou§ vEres 208
at least a part of one side thereof, a dyglectric 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
2:Thecircui-t-nodul e of -C ai m'1,” wherei'n said sheet=-like solid S
el ectrolytic capaciTle citndibanodndé wdeSlaim Bt ®hekofillsatdrsheRedikegodid
entire surface of said sheet-like solid electrolytic capacitor, the outer
i nsul at or hdectrdlytist ddpamighr hblmhier! liadlwddd a donducixternedchengisal d
val ve netal sheet body and a second through hole filled with a 15
conduct or rexauidatgdsao dseid remlivecohéedt ehekdybody 3anthes cdaconidt axidihal of
any one of Clains | and 2, wherein a recess forned in said circuit board
recei ves sdiegmsimedtcdnnesteditiodsaidl eutragityciliectapdeyenr andnens aif thei ficsd t
board and said sheet-like solid 20 electrolytic capacitor are electrically
connect &d texteznnl derminalanitidecseconid extsduiod termehal a3 Sonnaetest fo said
sheet-like solid_ electrolytic capacitor further includes a first |ead
terninal codkedktdRparsl- the first through hole and a second |ead terninal
connected to the 25 second through hole on the sanme surface of the outer
insulator, and one of the first lead termnal and the second | ead term nal
is connected to _.sag,d ci.rcuit board. 25 venber 2004 15 5 The.circu
modul e of O aim§; atﬁ%r“é?ﬂ“’&a?‘bo ‘h]t?ef’-glg n%on?f‘@’i Fheheln ¢ sd) civeuit heatdy
external term ed,to sai d val ve netal

LE;éPeLOggcflgﬁ'gﬁgr 3@%&1&@5%@( Jegess tthrougﬂaholé:ciﬂig&twnh a conductor on a

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



term nal connected to said current collector |ayer, and one of We f'grét ;
external terminal and the second external terminal is connected YBeER§ ¢Y0
circuit board. 6_ The circuit nodul e of (iqal m 3, wherein said circuit board
further includes a recess through hole filled with a conductor on a 10
bottom face of the recess thereof, and one of the first external term nal
‘and-the-second external term nal of said sheet-1like solid electrolytic-
capacitor ishe S&4 i ¥ = K ' 4 e.
P e ol roa SRaCia HRADERE O LRV firpeddelhdl YoRmRREMA iR AhebR

circuit boaggdtdiamlaferanienilig coditbctb@ 18P HEy 8e6h Mo 4 dFAESIE 1d KRe
solid electrolytic capacitor 8. The circuit nodule of any one of O ains

and 2, wher eireuifiboatd Meniihgrd@Ubgegi@ir i ses a | am nated board having a
plurality of said 20 circuit boards |am nated one on another, at |east one

of the plurality of <circuit boards has an opening, and said sheet-Ilike
solid electrolytic capacitor is received in the opening and connected to
anot her &ircuit MbdFhe adiacénnotald lbd Claiouidt voleradnhswidnghédelikeesilid. 25
9. The circuit nodule of daim5, wherein the circuit nodule conprises a

| ami nat ed belectirdlatvingapagitorahasy aoplsealdtciofc first bleardd teridmatataasd ome on
anot her, at |east one of the plurality of circuit boards has an opening,
sai d sheet - Pluzalify iof epeend of%ﬁtd decapaeils opni the eevingedace b thevontser
2004 16 the,  opening, and one of the first external term nal and the second
ext er nal teF%Fﬁ&FQFs connected to another circuit board adjacent to the
circuit board having the opening.

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



5 10. The circuit nodule of Claim3, wherein said sheet-I|ike sgll\liogember2004
electrolytic capacitor has a plurality of first |lead term nals an

plurality of second | ead term nals on th% LSane face of the outer

insulator. 10 11. The circuit nodul e of aim3, wherein said sheet-like
solid electrolytic capacitor has a plurality of first lead termnals and a
plurality-of second lead termnals on the sane face of the outer

insul ator, afrchfAdbaods lamihaeli b5k éﬁ%éﬁfe‘? Q?AdS ARG 3850Pb ﬂ%ﬂ

terminals is connected to said circuit board, at |east another one of the
15 first | ehthnieitddbberdiecdrporatadaslid sBée Bk LS elscteORAEC ERFla éiRo Pt her
el ectronic conponent. 12. The circuit nodule of Claim1l, wherein the other
el ectroni c tlgergianent includes a sem conductor component. 20 13. 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 circuit boards

| am nat ed one on another, and at | east one of the plurality of said
circuit Sboards i ridorPhe atiesnis anddsileett- Claimsd) whe2bnether icintuit imodule
capacitor therein. 14. The circuit nodul e of any one of Gainms 1 and 2,
wher ei n t hecorpriagist a taguinatednprdskhayingm pduealiby arfdsaidyemmguit bbaréd;l ty
of said 25 Novenber 2004 17 circuit boards | am nated one on another, and a
surface | ayd@mylatede oneappnanethefoaradi akdepet ames ofdihe gHuselity kef said d

el ectrol ytic capagl to(i t her ei n. ] )
circuit boards incorporates said sheet-like solid electrolytic capacitor

having an electronic component connected to the same face of the outer

10 insulator.



5 15. The circuit nodule of Claim2, wherein the circuit nodul conpri
a |l am nated board having a plurality of said circuit boards I%r%}%vg’gg?f szﬁ%
on another, and at |east one of the pl urg ity of said circuit boards
i ncorporates said sheet-like solid electrolytic capacitor having an
el ectroni c conponent connected to the sanme face of the outer 10 insulator.
ABSTRACT ~The-present—invention ains toprovide a circuit nodule that -
reduces an area and vol unme required ABSTRAET Ng el ectronic conponents
including a sheet-like solid electrolytic capacitor. In the sheet-Iike
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 nsulBli®rmreidnanhvientidmeaiahs cidi provild & ictredt ! tioldw18dt i £
enbed the sheet-like solid electrolytic capacitor into circuit board.
reduces an area and volume required for mounting electronic

5 components including a sheet-like solid electrolytic capacitor. In the
sheet-like solid electrolytic capacitor, valve metal sheet 11 has
dielectric layer 13 and current collector layer 12 formed on the surface
thereof, and is packaged by insulators 14 and 15. The circuit module is
structured to embed the sheet-like solid electrolytic capacitor into

10  circuit board.



