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FI ELD The present invention relates to a capacitor-incorporating circuit
nodul e for rawse—+n—ar—etectni c appli ance and el ectronic equi pne
BACKGROUND| ART Aggerygntional circuit nodule is structur ediﬁwmﬂ‘lwmwnﬂuu‘
conponent s,—such—as—an—ntegrated circuit, capacitor, ind )

resistor, are disposed on a circuit board. Because of this striuettire, the
conponents 15 protrude fromthe surface of the board when nounted. This

i ncreases the volune of the enti rDESCBIPTIONrd and additionally

I ncreases the area of the circuit board by the area of the rtion where
the conponents are nounted. For this reason, it is inevitab ,mmmmm
vol une of equi pnent using this circuit _board is large. 20 DI THE
| NVENTI ON The present invention QIB@UBTFMQ)PEIHJE circuit nodul ecabzwhi ch
vol une and area are not increased by nounting and that contributes to 25
downsi zi ng of equi pnent incorporating the circuit nodule. To achieve this

obj ect, _the present invention i C. ed a sheet-like solid
el ectrofytic capacitor inside Oﬁggﬁjﬁﬁfﬂ%@@]ﬁﬂb

The present invention relates to a capacitor-incorporating circuit

module for use in an electric appliance and electronic equipment.
10 BACKGROUND 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

15 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.

20

DISCLOSURE OF THE INVENTION

The present invention aims to provide a circuit module of which

volume and area are not increased by mounting and that contributes to

25 downsizing of equipment incorporating the circuit module. To achieve
this object, the present invention is structured to embed a sheet-like

solid electrolytic capacitor inside of a circuit board.



2 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an expl oded perspective view
of a sheet-like solid electrolytic capacitor in accordance with a first
exenpl ary enbodinent 5 of the present invention. Fig. 2 is a sinplified
sectional view of an essential part of the sheet-like solid electrolytic
capacitor in accordance with the first exenplary enbodi nent of the present
I nvention. Fig. 3 is an expl oded perspective view of a circuit nodule in
10 accordance with the first exenplary enbodi mrent of the present

invention. Fig. 4 is :BBAEH &%gﬁil IONLOF THE DRAWINGS accordance
with a second exenplary enbodi mnent of the present invention. Fig. 5is a
perspective view of the circuit nodule in accordance 15 with the second
exenpl ary enbodi pent of, the present_invention. Fi,g. 6 is an expl oded_

per spective vi ewﬁg- d dprapi ex ¢ perspectedanew Wit A sheetdidenpolid
exenpl ary enbodi ment of the present . inventjion. Fig. 7 is a sectigonal view
of ol o1t SuiloREaY e R PACE O Ao ARANRCE W BifiFef ExemBIary ¢ R of
the present 4Jnvention. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present
inventign Fﬂf CARESSeNE; INVENHIORqul e i ncorporating a 25 sheet-like solid
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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 is 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 invention provides a circuit module incorporating a

25 sheet-like solid electrolytic capacitor into a circuit board thereof. The
sheet-like solid electrolytic capacitor is 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 structured so that a
dielectric layer is provided on the porous portions of the valve netal

sheet body, a solid electrolytic layer is provided on this dielectric

| ayer, and a current collector layer isJorned on this solid electrolytic
| ayer. 5 Enbedding the sheet-like solid electrolytic capacitor into the
circuit board can nake the circuit nodul e remarkably thin. The present

i nvention also provides a circuit nodule in which a circuit board thereof
has a receiThaghestdike sohid eteatirolytic capasitorriscalsmestnaiheed-sa kbatdl i d
el ectrolytic capacitor, and the circuit board 10 and the solid electrolytic
capacit or a#Heleqtsia faven iy provided en the perousoppsionsiofsthe vdvarmesal ows

h heet-1ik ljd el | yti it to, mbedded and .
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id ' ' | e,i i ch ' it board t f has . i ng,
Phe openi ndtbEFUEETE chleftor lager 5 Gurre arbﬁﬁ{somﬁﬁéﬁgabao@?fﬁ 3284 t he
ircuit.board.and.th | hd el,ectrolyii i.t lectrically .
connect Bd_ HmERAIBERERE Shnel 176} 1d <o CRRTL clasti R rein b eCETrgHit
b h -1 id.. el l.yti it qr .and both sid f th
cirout bodr ki pa aeS PherirErighpu bt ri BRI AY Yooy 20 The
present | nventi ofnUupldieh RiVeiesn 216h HOViadPAUliechll Moalle 1f SSehd 1 ke
solid electrolytic pamnt of has an “out & o hsul at or, an ext erngl
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connected to conductors I n circuit ara thereof. his strdcture
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el ectrolytic capacitor and the inside of the Circuit board.
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 electrical 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



The present invention further provides a circuit nodule in which the
exposed surface of a sheet-like solid electrolytic capacitor incorporated
into a circuit board has lead terminals connected to an 4 el ectrode portion
and a current collector layer of the solig electrolytic capacitor, and the
| ead termnals are electrically connected to conductors on the circuit
board. This structure facilitates electrical connection between the
sheet-like solid electrolytic capacitor and the 5 surface of the circuit
board. The gleetrode poxtaoniand faucuheenipeollpetos kayeirrelithe modid eléatrobyitih

t he exposed surface of a sheet-like solid electrolytic capacitor

i ncor por at €@pasiwra @ndcuthe blead mermanplarare t plegtriasdly t epnneetes to
connected to an el ectrode portion and_a current collector |ayer of the 10
solid el ectqoa‘%mterwgsaéheofﬁlrcaﬁdbpﬁé | eddhipevtrpshnze danilitadesrelegtrigabe
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by the circuit 'ty can
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 reliability 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.



The present invention further provides a circuit nodule using a

sem conduct or conponent. For this nodul e, because a sheet-like solid 25

el ectrolytic capacitor and the sem conductor conponent can be connected
directly to each other, voltage fluctuatigpn resulting fromthe ESR and ESL
can be reduced. This contributes to stabilization of the performance of

t he sem conduct or conponent. 5 The present invention further provides a
circuit nodule in which a sheet-like solid electrolytic capacitor is

i ncor por at ed i nt $hatpresaat iamgntiomefwftheayeroyidenat¢ircuitngod wialihivwhiodr ed
circuit board. Multilayering circuit boards increases the degree of

i ncor por at ingheeirpideesnlid fedeetrglytie capasitosrisrinborponpted indorati leiasg aofy t he
entire nodul e. The present invention further provides a circuit nodule in
which a sHa of laxersotonstatuidingn mublilayeaedicircuid hoaust. poMatlsdayaringat

| east the surface |layer constituting the pultilayered circuit board. For
this noduldrcHshamdsgneseasesythedegreetaf incorparating exmpongnts freglici t or

in 10 apy position in the surface, layer_ allows conponents to be nounted
di rectlg or#‘é‘st?%‘%bb‘i“an&@c@?WWH’élgc%éﬁ ?Bﬁlrlerfnto%é‘?gurface | ayer of the
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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. 11is 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 portions. After the surface area thereof is
increased by etching, the surface is subjected to oxidation treatment to
form dielectric layer 13, an oxide 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



body 11. Part of one side of the alumnumfoil is etched to have a roughed
surface and porous portions. After the surface area thereof is increased
by etching, the surface is subjected to oxidation treatnent to form
dielectric layer 13, an oxide layer. 25 B g. 2 is an enlarged view of a
section show ng the surface portion of valve netal sheet body 11. Valve
netal sheet body 11 made of alum numfoil has a | arge nunber of

m croporous portions formed by etching. Formed on the surface of _

m cropor es tgatmendxislathion deledaindayers 18hi whdcle| swirkisc asaydeletsricghi ch
wor ks as dielectrics. _Further, in order to provide the inside of the

ni cr opor oud weiherois order tognmisle dieningide of ithg) mierpparouspodinnsg (not

el ectrolytig layer 17 is formed by chem cal. pol ynerization or electrolytic
pol yner i zatShow ks wigh £lscrierk connectiony sehd elesirolytie ver favsrfoasmedsych
as pol ypyrrool e .and. pol ythi ophene. Provided on solid electrolytic |ayer 17
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Connecting termn el ectrical connection wt current cC ec

layer 12. Thosk $b5MUMH & IR E85a&kEF hbiEidh. cCONnection between the
capaci tor portion and the
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 board 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



outside thereof. The sheet-like solid electrolytic capacitor is enbedded
into a 20 circuit board in the formshown in Fig. 3, for exanple. Grcuit
board 18 has a stepped hole 182 for receiving insulators 14 and 15.
Mounted into the hole is the sheet-like®olid electrolytic capacitor nade
of insulators 14 and 15 incorporating the capacitor portion therebetween.
On the surface of circuit board 18, wiring patterns 19a and 19b are 25
formed. Wring patterns 19a and 19b have electrical_ continuity with
connect i ng nefntwil koapgh18s@ theld theacapagiter ty endpsl deddtlpateipreawn teduce

t her ebet ween, respectively. Munting the sheet-like solid electrolytic
capaci tor itheovolyimee o8he entig eixgnit beaxd) 18sfser componeats arganpeynted.
enbedded therein can, reduce tq;hvolune of the entire circuit board 18
after corrpgﬁ]éwt §agpy él%aﬂﬁeee themivolume of seleetipnie eqainmppieuging this
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material or using a thin ni que, such as spattering and plasm
pol yneri zation. Ip the first exemplary embodiment, 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 treatment in the case of aluminum foil. It is

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.



15 Second Exenpl ary Enbodi ment A specific description is provided of the
second exenplary enbodi ment hereinafter with reference to the acconpanying
drawings. Fig. 4 is a sectional view nainly showi ng a capacitor portion in
20 the second exenpl ary enbodi nent of theg present invention. Valve netal
sheet body 11 is made of alum numfoil having an etched side. Electrode
portion 21 is provided on one side of this valve netal sheet body 11. As
this el ectrode portion 21, the unetched side can be used w thout any
treatment in theFoatkenfvalvamatah skeat body ild @E@ltseiep@webp@rtn@nf?drm

anot her | ayer made of a netal, such as %old pﬂ and ni ckel, on the
unet ched sr&i@dléedﬁﬁrf@vm dieddecinigdayerd dtm:fcherettg) eAdongh serfasatthereof

resi stance. The anot %yer can be forng vacuunrdgﬁosition ,
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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 23 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 is 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



a hole that penetrates insulating portion 31 and reaches el ectrode portion
21. Through hole 24 is a hole that penetrates insulating portion 31,

el ectrode portion 21, valve netal sheet body 11, dielectric 15 | ayer 13,
and solid electrolytic |ayer 22, and reaghes current collector |ayer 12.
These through holes 23 and 24 are fornmed by |aser nmachining, etching,
punchi ng, and other nethods. Insulating film25 is formed on the inner wall
of the through hole 24. These through holes 23 and 24 are further

subj ect ed tthagoplpese opohplcomnegting bumeps vneseme¢and ectbgrepneponent dst@ea
and 26b, respectively. Conductor 26a in through hole 23 is structured to be
el ectri cal IBe mompkad aftargvardst r Gaangetingohumps A%y thab arecnet wwd for
through hole 24 js struyctured to be electrically, connected to current
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layer 12. EgbffiRals 28 and 29 are electrically connected to through-hole

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 applied and the rise time becomes shorter,
voltage drop caused by inductance components becomes larger. For
this reason, the present invention that can prevent such a failure is

25 highly wuseful. 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.



termnals 28 and 29 are electrically connected to through-hole 10

el ectrodes 35a and 35b provided in circuit board 18, respectively, and
have el ectrical connection with the outside of the capacitor. Chip-like
conponents 32, such as a chip resistor, thip ceramc capacitor, and chip
i nductor, are further nounted on insulating portion 31, to forma circuit
nodul e. 15 In this manner, sem conductor conponent 40 and the |ike can be
mount ed on one side of the sheet-like solid electrolytic capacitor. This
el i m nat es Hilge nted perspectivg piew showingr hewuaisheesrdke isodid elemtralyitic

I nproves hi gh-frequency_response. In other words, a failure such that
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structured as escri bed above: It board 1 as a recess capabl e of
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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 35a 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 connection 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 possible 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 components as described above, electrical loss can further be



t hrough- hol e el ectrodes 35a and 35b made of through holes filled with
conductive material, directly under external termnals 28 and 29 of
sheet-like solid electrolytic capacitor 33, to ensure electrical connection
bet ween the back face of circuit board 181and sheet-like solid 10

el ectrolytic capacitor 33. Provided on the back face of circuit board 18
are wiring patterns 34a and 34b, which have electrical connection with

t hrough- hol e el ectrodes 35a and 35b, respectively. Because of this
structure, nedarcedheet-1ike solid electrolytic capacitor 33 is nounted into
circuit board 18, power |s supplied to solid electrolytic capacitor 33 15
fromthe back faFégof igialeaian pynlafersperanastivg Niew sthaycing Bowha shess- t he
body of sh et-Il solid_  electrol tlc capacj t or, 33 does, not protrude
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per spective view show ng how a sheet
10 electrolytic capacitor are fixed directly onto the wiring patterns 34a
and 34b respectively, and electrical connection 1is 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 constituting 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 36c¢ 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



like solid electrolytic capacitor is enbedded in a circuit board. A
multilayered circuit board is nade of first circuit board 36 5 having
opening 37 and second circuit board 38 for nounting. Sheet- |ike solid
el ectrolytic capacitor 30 is structured 1®» be received in capacitor
opening 37 in the first circuit board 36 by being fixed onto the second
circuit board 38. Wring patterns 34a and 34b are forned on the second
circuit board 38. External term nals 28 and 29 of solid 10 electrolytic

capaci t or dhacknessiofiicizantit\basrds 36, BPbi g d dbrdsnsulstantialdy mal to

respectively, and electrical connection is provided therebetween. Wth
this structtiteethickmesssokisheptrlike sphdselestradydic sapapithss Hin.apdbd.and
Addi ti onal | because wiring patterns can be_ forned n,goth 15 si des of
the two ci rddfit £IPMBABENES 13 2FTe MRORNT] [S8yR$ éaottrll geithe eRRAGIOFhe

descri pt o P el hasidsche i BRI §H0 oA VB IRROFISH BRSCRAR or
B Ci'rouPt B0 cthdh BUEGH{FanEROKAN 1 VRN o DOREAR) TG criot rBRE 64 he.
b esent | DA i A DR SR RERERRD B, B A
(hose, 25 Sl eygeced GHEIY kPSS Togh, SHAL LSRR P
nereon SR L oGRS Gibe s D chpahits v
and these boards are filled with filling material 39 and 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 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 multilayered 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



t hi ckness of circuit boards 36a, 36b, and 36¢c is substantially equal to

the thickness of sheet-like solid electrolytic capacitors 33a, 33b, and
33c. Sonme conponents 32 are nmounted so as to bridge the capacitors and the
circuit boards having openings, and havelgl ectrical connection 5 with the
outside thereof. G rcuit boards 36a, 36b, and 36c¢c incorporating conponents
32 and solid electrolytic capacitors 33a, 33b, and 33c, and circuit boards
38a, 38b, and 38c are disposed to form horizontal |ayers facing each

ot her. Gapsmbedded e 8osionnbeardrmind hetherbeampongndsfand cigtegrated
filling material 39 and bonded. At 10 this tine, these boards are

el ectri cal Irewhnasedagoustehdirgriinen ayundepvhaisalidetlestralybic camasatan on
bet ween panﬁs of wiring patterns., Wth this structure, because respective
solid el ecttlg prea al&‘gﬁ’éﬁp{‘%ﬁ tequiredstoy moyntang cangbe gedaegdndiliyrther,

conponents 32 are. easi cqnnect gd to, each ot her,.on one si.de therepf and
BT nG pat CBRREctits Bt Bh RO ] ROCRaSH SUMEOA THERRRCAPLEg Uethg
react ange onponen re .. Fyrther, the l,ayered structure can
Feduce Bre SPERPENtnsscikb SR A ERT: ihdhiec Aoral §nd el intove

el ectrol yti,c ﬁggacitors %gﬁf 3b, .20 and 33c and conponents 32 inside of

t he nultilgyg ot CAUELGY t ST &C &Egﬁﬂsbe shut out fromthe outside by filing
material 39 and the circuit boards, they are unsusceptible to environnent.
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
nodul e structured so that a sheet-like solid electrolytic capacitor is 13



enbedded into a circuit board and other conmponents and integrated circuits
are nounted directly on or under the solid electrolytic capacitor. The
area and volune required for nmounting can be reduced. Further, connection
that can be perfornmed wi thout additional1#iring can reduce 5 el ectrical
|l oss like ESR and ESL in the circuit and especially inprove high-frequency
characteristics. 14 CLAIMS 1. Acircuit nodule incorporating a sheet-Iike
solid electrolytic capacitor into a circuit board, wherein said sheet-I|ike
solid electrolytic 5 capacitor conpriS8AIMSal ve netal sheet body having a
porous surface on at least a part of one side thereof, a dielectric |ayer
formed on the porous surface, a solid electrolyte covering said dielectric
| ayer, and a current collector_ layer formed on a surface of said solid
el ectrolyte. 10 }. ATRErcait dppdulpanserrsraging @ sheqbdika solidi alegteelytis ke
solid electrolytic. capacitor. further .incl.udes,an outer insulafor covering
o ent i r o cemAcar BoUA CHr S doaF i & e sndcthestylike S@i‘ﬁiaE{GtcéF?lyttH’e
out er %nsulator has a first throuq@ hoLehfi¥Ie§ﬁmhth.a conduct or rgaching
said vl vEAREEHOTSUBPTHSS 2 VR BekahaheRt OGY havirg @ PREOYF siriace 5
conductor reachi [ reent. cof | [ £ T I recuit dul.e of
any one of Oé §?r¥§gi§§n§agg O\%hoé}eeghdeagﬁé]geco s%y?%ﬁ'lﬁéglf Hsggf &8 Efnre&ngfl tl}})ear d
recei ves sgj d.i.ke_sali | vt G.: it o ; i o, Cj it
dhatlleRletubia Sl 16436118 WV 6RNASH Bllo ANt PV b g

board and sﬁeert rke so _ | C Capacitor ar I'ectrically
choet -1 ke 2o e cBfI8Etor fyeF RrildEbh o BREHE Of sludlid el TR 22
term nal connected to
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

said circuit board.



the first through hole and a second |ead termnal connected to the 25
second t hrough hole on the sane surface of the outer insulator, and one of
the first lead term nal and the second lead termnal is connected to said
circuit board. 15 5. The circuit nodule 6 Caim 3, wherein said sheet-like
solid electrolytic capacitor further includes a first external term nal
connected to said valve netal sheet body and a second external term nal
connected to said current collector |ayer, and one of the first 5 external
terminal and theSsddndirswibmadule ofi Giaim 3, cohaseinegaid sheied-like rsolid
board. 6. The cirtcuit nodule of Caim3, wherein said circuit_board,
further in@losleoluticecapacitorodgrther e inrludas wat Hizptc ndeenal derminal
bottom face of the recess, thereof, and ope of the first external term pal
and the secomdeskedr Hal saidh Walxe (We"saji ahepbebody kandola econd extgrnel
capacitor i,s cannected t aid cijrcuit hoard via . the recess through_.hole.
7 The of r deFRIRANGoaNseted footidorurentnollecty layernand; one af Phe grst
circuit _board has, an openin nd t he .openi ng,recei.ves.said sheet-I|ike

col i d ePectrpyank ieupent ana B saedRd PErPH S RERNE] 1S AGnBREIodt tpaiths 1
and 2, ““eQﬁhﬂnng @jrcuit nodul e conprises a | am nated board having a
plurality o ' %:i rcuit boards |ani nated one on anot her, 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

another circuit gbopyd adi@tehiod et BE Cidinis, W&iﬂ%’%ﬂ?ci%i?%ﬁﬂﬂ- 25
9. The circuit nodule of daimb5, wherein the circuit nodul e
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 terminal

and the second external terminal of said sheet-like solid electrolytic

capacitor is 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.

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



conprises a | am nated board having a plurality of said circuit boards

| am nat ed one on another, at |east one of the plurality of circuit boards
has an opening, said sheet-like solid electrolytic capacitor is received in
16 the opening, and one of the first extggnal term nal and the second
external termnal is connected to another circuit board adjacent to the
circuit board having the opening. 5 10. The circuit nodule of Caim 3,
wherein said sheet-like solid electrolytic capacitor has a plurality of
first |ead ther opraiggamdd ongl of athie first extaomall terminalvanad shensedomdsane
face of the outer insulator. 10 11. The circuit nodule of Claim3, wherein
sai d sheet -9%trengbtepminakis conpecied bpasiotber eascuit fHoardl adjacentftorthe | ead
termnals and a _plurality of second |lead termnals on the sane face of the
outer i nsiEgwit bogrd havingphe opeppBEiirst | ead terminals and the second
lead termnals is connected to said circuit board, at |east another one of
the 15 first lead termnals and the second lead termnals is connected to
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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



14. The circuit nodule of any one of Clains 1 and 2, wherein the <circuit
nodul e conprises a | am nated board having a plurality of said 17 circuit
boards | am nated one on another, and a surface |ayer of the |am nated
board i ncorporates said sheet-like solidlglectrolytic capacitor therein. 5
15. The circuit nmodule of Caim2, wherein the circuit nodule conprises a
| am nat ed board having a plurality of said circuit boards |am nated one on
anot her, and at |east one of the plurality of said circuit boards

i ncor por at edrewitdbeneds lpminaded ene | tamitherrc agehacisusfacendayewy ofnthe

el ectroni ¢ conponent. connected to the same face of the outer 10 insul ator.
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.



