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[ 0001] The present invention relates to a capacitor elenent, a
capacitor unit, and a nmounted device in which such elenent and unit are

i ncorporated, those are used in various electronic appliances. BACKGROUND
ART [ 0002] Japanese Lai d- Open Patent Publication No. 2006-80423
(Docunent 1) discloses a technology that relates to a chip-type solid

el ectrol ytic capacitor and ains tREJECRNIT#Na chip-type solid electrolytic
capacitor with inproved ESL properties and is capable of a further
reduction in ESL. The chip-type solid electrolytic capacitor according to
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anode joining portion to be joined to an anode portion of the capacitor

el ement provided at one end of a flat portion thereof and has an anode
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el ecapmliaptéss capacitor, the direction of the current flowng in the cathode
| ead frame and the direction of the current flowing in the anode |ead frane
are opposite and cancel each other out, making a | arge reduction in ESL
posthDK.GR@ONB]ART I n Japanese Lai d- Open Patent Publication No.
200101=J 52 (Docunent 2), a technology that provides a snall,

Iargle capacity chip capacitor is disclosed. Docunment 2 discloses a nethod
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thereupon and joined thereto and is loaded on the flat portion of the above anode lead frame with
an insulating layer in between, and a cathode terminal portion for mounting purposes provided on
the lower surface thereof. With this chip-type solid electrolytic capacitor, the direction of the
current flowing in the cathode lead frame and the direction of the current flowing in the anode lead
frame are opposite and cancel each other out, making a large reduction in ESL possible.
[0003]

In Japanese Laid-Open Patent Publication No. 2001-102252 (Document 2), a technology
that provides a small, large-capacity chip capacitor is disclosed. Document 2 discloses a method
of manufacturing a solid electrolytic capacitor where a capacitor element, which has an anode lead
exposed at one end and a cathode formed on an outer circumferential surface, is sealed with resin,
wherein to improve the volume ratio of the capacitor element in the finished capacitor product a
plus electrode and a minus electrode are present on both the inner and outer surfaces thereof, the
capacitor element is stuck onto an inner surface of a circuit board where electrodes of the same
type are connected by through-holes to electrically connect the minus electrode of such surface
and the cathode of the capacitor element and also join the anode lead of the capacitor element to
the plus electrode, and then the capacitor element is sealed with resin so as to expose the outer

surface of the circuit board.



[ 0004] As increasingly high frequenci es have becone used for
el ectroni c appliances, for capacitors that are el ectronic conponents,
dermand has increased for capacitors with superior inpedance characteristics
in a high frequency region. Solid electrolytic capacitors are often used in
t he periphery of a CPU of a personal conputer or the like. A solid
el ectrolytic capacitor is one type of capacitor that is small and achi eves
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as to be externally connectable, and the entire 2 <circunferénce of the
mourid WRIEhUIEREROWSE the device is effectively forned by at |east one of the
first termnal electrode and the second term nal el ectrode. [0008]

[00086]

One aspect of the present invention is a device for surface-mounting including a substrate
and a capacitor element loaded on a loading-side surface of the substrate, the device being
integrally molded including the substrate and the capacitor element using a packaging resin.

[0007]

The substrate includes a first terminal electrode electrically connected to a first electrode
portion of the capacitor element and a second terminal electrode electrically connected to a second
electrode portion of the capacitor element. In addition, at least part of a mounting-side surface on
an opposite side to the loading-side surface of the substrate is exposed on a mounting surface of
the device, and the first terminal electrode and the second terminal electrode are adjacently
disposed around an entire circumference of the mounting surface of the device. With this device,
the first terminal electrode and the second terminal electrode appear in an adjacent state around
the entire circumference of the mounting surface so as to be externally connectable, and the entire
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Wth this device, the entire circunference of the nounting surface of the
device, that is, for a square or rectangul ar device, an entire quadrangul ar
ring-1ike-shaped peripheral part including the sides (edges) and corners in
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In addition, by providing the third functional |ayer on an inner
circunferential surface of the through-hole, it is possible to forma |ayer
that functions as a solid electrolytic capacitor on the inner
circunferential surface of the through-hole. This neans that it is possible
to suppress a drop in capacity due to the drop in the area of the first
surface (upper surface) and a second surface (lower surface) due to the
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A typical base (base metal, base substrate) for having valve-effecting is aluminum, but
another metal base that can have valve effect, such as tantalum may be used.
[0015] ‘



Also, in this device, the plurality of elenents are stacked with the four
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secovich e piwralily oktapasiiaseiamends asa laminateshaere s %%ertt@ elestricalecaniget P 4pe.
The sgcnndh é@ﬁi@l&abvhglle%nhggﬁﬁ] ROpIERE FBYRd hlﬂsgar%' Lﬁiﬁkéyl td 86, Andtthe device
substrate may be covered with packaging resin

has a low cost, hlgh reliability, and a large capacity. The f:rst eIectrode portions are typically

anodes and typical connection methods are wire bonding or a lead frame.

[0018]

In addition, in this device, the plurality of elements are stacked so that the four corners of
the respective elements are exposed in different directions. Accordingly, in the respective
elements, current typically flows in four directions and in the device, current flows in even more
directions. This makes it easy for magnetic fields to cancel each other out and to provide a device
with a low ESL.

[0019]

Also, in this device, the plurality of elements are stacked with the four corners of the

respective elements exposed in different directions. This means that it is easy to construct a
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i nsul ati ng maski ng nenber, aside fromat the periphery of the substrate. It
is also effective to formthe second term nal el ectrode continuously around
the circunferential edge of the substrate. [0024] The plurality of
first and second term nal el ectrodes nay appear alternately around the
entire circunference of the device. The plurality of first termna

el ectrodes may appear in parts including the four corners of the nounting
sur f devicearplipped withur arget yunaifersé combcting mentiddes| e ddesasydy dignoeapoading he

f our ?ésdaei% E?Feagqr%ﬁi% |Rf \}ang rgpwpéé A sur face. The corner parts of the

nmounti Ng surface can A'E6 %e useé as termnal electrodes. The plurality of
secoftz@ler m nal el ectrodes may appear in parts including two opposite sides
or edges HOeh
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easy to reduce t ce It 1s possible to diversify the
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[0023]

In a typical device, the first electrode portions are the anodes of the capacitor element, the
second electrode portion is the cathode of the capacitor element, and the second terminal
electrodes are cathode terminals. Accordingly, by making the area of the second terminal
electrodes larger than the area of the first terminal electrodes, it is easy to achieve a shielding
effect by the second terminal electrodes. To increase the area, it is possible for the second
terminal electrodes to extend toward the center of the substrate. The second terminal electrodes

on the mounting-side surface of the substrate may be covered with packaging resin or an



[0028] At | east one through-hole should preferably be provided at
the center of the base. It is possible to suppress fluctuations in the
di stance between the third functional |ayer provided on the through-hole
and the first electrode portion disposed along the circunferential edge of
the base, and to diversify the distance in which current flows. This nmeans
it is easy to provide a capacitor elenent with even | ower ESR and ESL and a
devi neuletingumiagking memben Esisietfeam el ibawetiphery obdesubgatedlt is alse sffegtivg to form
ef f egLl | t Yahs or poi nt
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formed around e one Em nt mentionéd above. This neans that it is possible
to skaernssy Séb@@m&@%w igh fitreppreRionsiementis paged.capaci tor el enents are
| ampggsAad, which nakes it easy to provide a capacitor unit that is bal anced

and has "a stabilized formand a device on which such capacitor unit has
been | oaddd addition, by connecting cathodes provided on both surfaces of the base with the inner

portion that is almost located at the center of the base and passes through the base, and disposing

the anodes intermittently or continuously on the circumferential side or edge of the base, the

distances between the electrodes in the capacitor element are reduced. This means it is easy to

reduce the ESR, and since it is possible to diversify the direction in which current flows in the
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[ 0033] On the various elenents of the capacitor unit, the first

el ectrode portion may appear in the four corners and additionally on two

opposite sides (edges) of the first surface of the base. In such capacitor

unit, the two opposite edges of the first surface of each el enent should

appear to the other elenents in a direction in which the respective

elenents are lamnated, that is, the direction (first direction)
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the plurality of capacitor elenents. [0038]



The present invention also includes a favorable nethod of manufacturing the
capacitor unit described above. The el enents out of the plurality of
capacitor elenments respectively include: a plate-like base of valve effect;
a first functional layer including a dielectric oxide film a solid

el ectrolyte |ayer, and an electrode |ayer Iamnated in that order on a
first surface of the base; a second functional |ayer includi ng a dielectric
o>r§ i deinde ke diseddiohiad cairent flalipg dén ity erpaciiotelgmeptsethat atkelaminaied (caniakee &gl i n
t hat . [ on. of Tl of : I > :
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t he dandobei ERR arg dovett ESTHandldeviast drodhioh suemedraciteninidas heer lpgded-t or uni t
!n(:quggﬂg the plurality of capacitor elenents di sposed so as to be stacked
int irst direction includes a step of lam nating the respective

el enent s sthe hlatalityhef Eementonmagrise efackerb sé ithait the Upiiacernets annear &% gifferante

tho e fyERIaG bolibrd 3Pl e sy ARG £ LATRTRR PR RS
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ool GRRCRLNGaB PR I gy ok G ianenis absle V1 of
means that it is possible to suppress eccentricity when the plurality of capacitor elements are
laminated, which makes it easy to provide a capacitor unit that is balanced and has a stabilized
form and a device on which such capacitor unit has been loaded.
[0033]

On the various elements of the capacitor unit, the first electrode portion may appear in the
four corners and additionally on two opposite sides (edges) of the first surface of the base. In such
capacitor unit, the two opposite edges of the first surface of each element should appear to the
other elements in a direction in which the respective elements are laminated, that is, the direction
(first direction) perpendicular to the loading-side surface of the substrate.

[0034]

The capacitor unit loaded on the device may include a first capacitor element and a
second capacitor element disposed so as to be successively stacked in the perpendicular direction
(the first direction), the second capacitor element may be smaller than the first capacitor element,
and the circumferential edge of the base of the second capacitor element may be disposed inside
the circumferential edge of the base of the first capacitor element. Since the entire second
capacitor element is loaded in the perpendicular direction (the first direction) on the first capacitor
element, the second capacitor element, including the first electrode portion, is easy to stabilize.

[0035]

Other aspects of the present invention are a printed circuit board on which the above
device has been mounted and an electronic appliance including such printed circuit board.
According to the device described above, it is possible to provide a surface mounted-type (chip-
type) with a large capacity, a low ESR, and a low ESL, which can be used together with a
semiconductor device such as a CPU as a decoupling capacitor or a bypass capacitor and
suppress the generation of noise. Also, the device described above is favorable for a variety of
applications including a smoothing capacitor of a DC/DC power supply.

[0036]



FIG 6 is a view show ng the capacitor elenent from above (when | ooking
fromthe first surface side). FIG 7 is a view show ng the
capacitor el enment from bel ow (when | ooking fromthe second surface side).
FIG 8 is a VIII-VIIl cross-sectional view show ng the construction of the
capacitor elenment (a VIII-VIIl cross section for FIG 6). FIG 9 is
a cross-sectional view showi ng an enl argenent of the construction of the
capaci t or Eleeprasent invention ifelu@es 14 dapaditor reigpentetial dndavoraliey fahdvi Wigvigar t
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surf a%%ae g[lﬁ}e%gs];e% ik ; d’?s?l% 7R é?&{y%f’ tl"%tg elrgg GirEh ﬁer&ﬁlal %il% it Wflﬁmﬂmcﬁ&]atl he

mounti ace o exanp evi ce Vi ew
showayey anttee mmnfang aaecﬁca‘:densiﬂatmgdayferré'raémVQS( amﬁb@n‘@ferélab%igec@ thq:$€(§0n<18 i s

h
R Lk R et L N e R
abovaurfaeh ehthedalse mglngmpmsddeorfthesptut%@l'fctan%f@tlabglde Ffitae fiy insylatingleyepend i ve
ot -3t 05a oPb LU SLEEboE R sRecy b ERIE LBSE, BLAMEecion elepeant oo cafibBe”
XX -¥iXl acthod Susdivhalolyén rindilidBig zogitelecmlc@x@ez fnns a 996d sfestrolyiee laypevanst aa

dhl;:‘ﬁq%:g%;ﬁqxgermgr%m% eq%nQﬂgtacgﬂpgxofrox%l %g@@t PalF o (Fh%&s'; éﬂﬁ%%ep‘ér%%gtdﬁ’ &n Yﬁr&l\“’ew

showsiregméeremtiahtsurigee wf fthe:atdéaath@edﬁvow -stiewand rhe-jefgctrode layer of the third
functional layer is electrically connected to the electrode layer of the first functional layer and to the
electrode layer of the second functional layer. In this capacitor element, it is preferable for the first
electrode portions include portions appeared intermittently or continuously around the entire
circumference of the circumferential edge of the first surface. At least one through-hole shouid
preferably be provided in the center of the base.
[0037]

The present invention further includes a capacitor unit that is favorable for the device
described above. The capacitor unit includes a plurality of capacitor elements disposed so as to
be stacked in the first direction. The respective capacitor elements include: a plate-like base of
valve effect; a first functional layer including a dielectric oxide film, a solid electrolyte layer, and an
electrode layer laminated in that order on a first surface of the base; a second functional layer
including a dielectric oxide film, a solid electrolyte layer, and an electrode layer laminated in that
order on a second surface of the substrate; and first electrode portions formed by parts including
the four corners of the first surface of the base being exposed, wherein the four corners of the first
surface of the respective elements are exposed in the first direction to the other elements out of the
plurality of capacitor elements.

[0038]

The present invention also includes a favorable method of manufacturing the capacitor
unit described above. The elements out of the plurality of capacitor elements respectively include:
a plate-like base of valve effect; a first functional layer including a dielectric oxide film, a solid
electrolyte layer, and an electrode layer laminated in that order on a first surface of the base; a
second functional layer including a dielectric oxide film, a solid electrolyte layer, and an electrode
layer laminated in that order on a second surface of the substrate; and first electrode portions
formed by parts including the four corners of the first surface of the base being exposed. The
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FIG 25 is a perspective view showi ng the device showmn in FIG 23 in a

state where the nol ding resin has been renoved. FIG 26 is a view
where the device shown in FIG 23 has been separated into a substrate and a
capacitor unit; FIG 27 is a XXV11-)0WL1 cross-sectional view of

t he device shown in FIG 23 (a XXVII XXVI| cross section for FIG 23). FIG
28 is a view showing a state where a plurality of capacitor units are to be
| ani mathed .of RiaBufz@uring the phpaciter rit oicluding thaplsalitpof aapaciteheaments d¥r@seds.

FIG_30 is & 3 d | U ' ;

Fi o 55 108 Bl B e irebih A & el B pmRENE eSS biamenterce |
FI G thagh¢ four@0(rkrs D¢ first sasacesd the wspédiive BleBentsire exposed in tifg Bst dipedtion a

pl a | e ] ' r . e fE??E?.ﬁiceinastate where the

nol prljée &E%Pﬁ%ggtsﬁ"e”gh‘f‘Egﬁoﬁ@@%‘%@%ag""qe %3 is a plan view showi ng a
different exanple of a device in a state where the nolding resin has been

renné(fgl%'F.[Eé&R&pﬂbﬁl.@F'?l—l%rb%i\\ﬁl‘m@fs a capacitor elenent shown in FIG 33.
IS a pla [

FI G n-view show ng a capacitor unit where capacitor el enents
showd039] FI G 34 have been | am nat ed. FIG 36 is a plan view

showi ng a (51 { o1 2Bl EXAB\ B 6erkiBndr SidlBevher e the mol ding resin

has been
FIG. 2 is a view showing a mounting surface of the device.

FIG. 3 is a perspective view showing a state where molding resin has been removed from
the device.

FIG. 4 is a view where the device has been separated into a substrate and a capacitor
element;

FIG. 5is a V-V cross-sectional view of the device (a V-V cross section for FIG. 1).

FIG. 8 is a view showing the capacitor element from above (when looking from the first
surface side).

FIG. 7 is a view showing the capacitor element from below (when looking from the second
surface side).

FIG. 8 is a VIII-VIll cross-sectional view showing the construction of the capacitor element
(a VIII-Vill cross section for FIG. 8).

FIG. 9 is a cross-sectional view showing an enlargement of the construction of the
capacitor element;

FIG. 10 is a cross-sectional view showing part of a printed circuit board that has a device
mounted thereupon.

FIG. 11 is a view showing the mounting surface of a different example of a device.

FIG. 12 is a view showing the mounting surface of a different example of a device.

FIG. 13 is a view showing the mounting surface of a different example of a device.

FIG. 14 is a view showing the mounting surface of a different example of a device.

FIG. 15 is a view showing the mounting surface of a different example of a device.

FIG. 16 is a view showing the mounting surface of a different example of a device.

FIG. 17 is a view showing the mounting surface of a different example of a device.

FIG. 18 is a view showing the mounting surface of a different example of a device.

FIG. 19 is a view showing a different example of a capacitor element from above (when
looking from the first surface side).

FIG. 20 is a perspective view of a different example of a capacitor element.

FIG. 21 is a XXI-XXI cross-sectional view of the capacitor element shown in FIG. 20 (a
XXI-XXI cross section for FIG. 20).

11



FIG 37 is a plan view of a capacitor unit elenment showmn in FIG 36.

FIG 38 is a plan view show ng a different exanple of a device in a state
where the nolding resin has been renoved. FIG 39 is a plan view of the
capacitor unit shown in FIG 38. FIG 40 is a plan view of a different
exanple of a capacitor unit. FIG 41 is a cross-sectional view of a
different exanple of a device. DETAIL DESCRI PTION [0040] 1. Device 1.1.
Over vi ew JfIGD@¥isceperspective viewf aldiferenissxanwlest 2eanacitinednce of one

exanpl e of ' . di 3 | ‘@f@r ' ' 1
I ncl udes aFlguggrgragﬁ%'@%&g%g@g’ %@B@@ﬁ@é@@n@ﬁ? 0 ?rggéaeﬁhlgﬁjf g%]éggg'i ng- si de
surface 1TFI6f 24 fsea vawshpaing almouniing susfaee efdhe devicaphanwnt indd@- Adbunt i ng t hat

I's integr aﬁ'lbYZ%%s a perspective view showing the device shown in FIG. 23 in a state where the

molding resin has been removed.

FIG. 26 is a view where the device shown in FIG. 23 has been separated into a substrate
and a capacitor unit;

FIG. 27 is a XXVII-XXVH cross-sectional view of the device shown in FIG. 23 (@ XXVII-
XXV cross section for FIG. 23).

FIG. 28 is a view showing a state where a plurality of capacitor units are to be laminated.

FIG. 29 is a plan view of the capacitor unit shown in FIG. 26.

FIG. 30 is a bottom view of the capacitor unit shown in FIG. 26.

FIG. 31 is a XXXI-XXX| cross-sectional view of the capacitor unit shown in FIG. 26 (a
XXXI- XXXI cross section for FIG. 26).

FIG. 32 is a plan view showing a different example of a device in a state where the
molding resin has been removed.

FIG. 33 is a plan view showing a different example of a device in a state where the
molding resin has been removed.

FIG. 34 is a plan view of a capacitor element shown in FIG. 33.

FIG. 35 is a plan view showing a capacitor unit where capacitor elements shown in FIG.
34 have been laminated.

FIG. 36 is a plan view showing a different example of a device in a state where the
molding resin has been removed.

FIG. 37 is a plan view of a capacitor unit element shown in FIG. 36.

FIG. 38 is a plan view showing a different example of a device in a state where the
molding resin has been removed.

FiG. 39 is a plan view of the capacitor unit shown in FIG. 38.

FIG. 40 is a plan view of a different example of a capacitor unit.

FIG. 41 is a cross-sectional view of a different example of a device.

DETAIL DESCRIPTION
[0040]
1. Device
1.1. Overview of Device

FIG. 1 shows the external appearance of one example of a device according to the
present invention. This device 1 includes a substrate 10 and a capacitor element 20 loaded on a
loading-side surface 11 of the substrate 10, and is a device for surface mounting that is integrally
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mol ded in a square or rectangular formincluding the substrate 10 and the
capacitor elenent 20 using packaging resin (nolding resin) 3. [0041] 1.2
Substrate FIG 2 shows a nounting surface 2 of the device 1. In the
device 1, the nounting-side surface 12 of the substrate 10 is not covered
by the packaging resin 3 and is exposed as the nounting surface 2. On the
mounting surface 2 of the device 1, that is, the nounting-side surface 12
of trheldsdiirs arsauiarel®, rettangular tarmiincllidied i setes 10 and the gerssiter elemANh?
el e to be adjacent to one another around the
ent ﬂsén%g? Cﬁg ?eesﬂ‘l @,&%ﬁgﬁ%ﬂ})a}f around the four sides (edges) 14a, 14b,
14c,[0&d] 14d and the four corners 15a, 15b, 15c¢, and 15d of the
”Durﬁtﬁ%%bﬁtaqg surface 12 of the substrate 10, the first termnal el ectrodes

and parts of the second term nal electrode 52 are fornmed so as to be
next to orféGaRshhes annbbntingsauriace Rgfdapslesge iln Indhauierice Thithe MeHMNA%Ee t he
entiy s f..t i f ot mat e 10
o ety 1EaT\E SO 't b cBRUBh ong by R Dokl o MpoRE S IR < o
t he rseuwding sudace &aDnéh@mmmtlreg safacka ofdhe deviesrddthal iseihaaeeunjing ﬂﬁfstsurface on
the f fir I 1

0 Thdl S BT, B selifial Gkbiney, 5i MR 8 Spon IR Jedioke P RS
ent |oh@osed suabdo éa@éjacemt to lppe @nethenaroant B entine cireumfernce 18- dhatiantrerathce
13 )4 t 5 to
13 Ghe SIF SRIBILIAUE 140) 140! e [ SHM400 ngftlhﬁ%dr%ﬂ%rg% antby &g@%ﬂ@%dsﬁﬁ 1 _
pos sndndingsidel surface ckl Dﬁ/tfeowi@tmfet 0, dbﬂﬁkéﬁtfﬁﬁnlnﬁleﬂﬁﬁﬁ&% &r anch @arts job the
pro [

T b o T by
firdtetwesrct Todenpany thehthe anftdesirpumferenne thphdia sroustineneide spdacerhd afidie ce 1
S SHLPREY 0t helipul A00RY ) RSl AdETind didiflogBt 81 RANAE bheby b QB | N

our corners f the nounti ng-si e sur ace
subsennan@ emtroa‘e.ézﬁreaican@fqr@pmaﬂannatalsecfmatm ogthemouptingjefase 210fitee gevie hode
el ect 0%t hahidat egegﬂ'gg% g4 ah@ the ?@ﬁQ ¢l tlfé @@t;orngqgrnﬁ’iﬁéltélé’d?ro@@@iZh%efbrrﬁédt he
capaci tor el enent I's dispo part that excludes the first
ter mrtmmd tiecartire dieginFereppe t(iﬁethﬁmmaﬂhgﬂ@pd'@emrtha@éltl@zmwrﬁfﬁén%%B%tqf dhe 10.
That b nEQAUS @aﬁ@ﬂkﬁﬁvtﬁ%é' on
1o SAErsis 1Py e R BIeBlilies pFald o0 GHIEH, SPagh benBR S ond chalPu
sur fizssiating geps RN babvaehased ds pwlgﬁma@cméalm ¢RIINgCiEe coRERGtiRg t%fa“t*mﬁiﬁjer
ter l.at i ng gaps 59. The insul ating gaps 59
ar eqréél@luen@%}gaﬁc?()ﬁgn% f}ﬁ%ﬂgnﬁmﬁg?gmﬂ@éﬁably around 0.2mm to 1mm The gaps
59 ney4de enpty space or may be filled with insulating resin. [0043]
FIG 3 Shglﬁéfﬁststfeﬁgﬁal\ﬂ%&?o&égesm% %en@e\r&smré Plodk h@mﬂﬁdé %Snﬂeoﬁ\éhstcpﬁt%ﬂ

r emoved Ws a state where the substrate 10 and the capacitor
el erpigftroge pRgipas (Anedes)qs deacanacitonplement 29, Thevdeyice lds €adieesd wiafouy paGHS f

the flevi,68s 1(tﬁatvar¥ @Bﬁﬁlvélﬁ%ﬂn% fnot'he Fb@ cdrelsS15dhRMIsd EhﬁeSMB%tl’r@Lsﬁdé-o of

t he device | 'am nat ed” board where a conductor (conductive |aye

el esurfaere 12 3f ther awﬁtr)etq 40 diheetpcond krspinal glecieds Sgrofdhe idgygs dtie %QPQF
(i n%lrgcﬁtoﬁg éﬁ&?{t@tolf)ﬁﬁ&ﬁed e s%b'@rﬁt él@&t?od%opdrﬁo@(cgﬂﬂﬁﬁﬁ fofld &4 RRRoYelEMENIN20

er-c am nat ed board | ass ep oxty substrate) that has been_ cut into
a suﬂﬁ\dt iardisngsey isuape thar ﬁxcqrh?é thegpelr termingl glecire@es shdmiesmgentigridee 11
and J k.44 Bf]fh@%u%kﬁi‘ﬂe S9! Fee sl theXathdR EHRRAINSE 8 fdPhddSsddad fodoVela B¥nter

etchl ng or t e to formthe same el ectrode pattern on both surfaces 11
and pogtionAt ardithegioyr cissunfaentialaeass-dade @ﬁrqfébé moungpg-eie sy(fese 13t the, a

pl ur ‘alaétf'éfe qb. &RB f.S&é RYmHaRCE %ﬂt‘he%tﬁwé heriri®al $2 e fs@ééfht@ﬁ oy ke ﬁh@@l@ﬁ‘ng

term na ar e orned at OSItIOﬂS that are p03|te correspond tO)
pl urgaps 6. ahe NrOLRENg 6PPS ﬁ%ra@ Foued O AEN HoZAE @15{) 'gpregerelgraiicaroynd P gryp 6<auce

anod, GOFRE LLNG, Rl ELIANRS Bhd GimsARRRLIVIA ibudlig rBgede (anode por ti on)

21 o he capacitor el enen . Also on the | oading-side surface 11 of the
subd®@4d e 10, a connecting el ectrode 57 with the sane formas the second

cathode t i@ Ddlowa ,L,t%tef Qﬁé@%@ho%l]r%q%%'?& tﬁ@aév1b§1 %BQEéér‘i R&RET ¢FeNds
to) the cathode term nal nmount i ng-si de surface 12 to produce a

cat Isbaws astate vthergythel se@straiaé 053Pdftb¢ cepAfiecelpmgnt &P bave Wrﬁ%émﬁ%t IRdde-
por tg oy, \22rRE-sbBonSPRRE bofhe UM (VI Q94d bection for FIG. 1) is shown. The

substrate 10 of the device 1 is a laminated board where a conductor (conductive layer, electrode
13



That is, on the | oading-side surface 11 of the substrate 10 al so, the anode
connecting el ectrodes 56 and the cathode connecting electrode 57 are

di sposed around the entire circunference 13, with the four anode connecting
el ectrodes 56 being respectively forned at the four corners 15a to 15d of
the | oading-side surface 11. The cathode connecting el ectrode 57 is

di sposed in a part on the |oading-side surface 11 of the substrate 10 that
exc| lagers istfhenechordieotb snragsssi of gn dnsatatedlrasd Hasulated subgrate)hd he subgtrte 10 s a

conn §§§ fb%nglleﬁﬁiyr 4R %pb?algggﬁﬁjla{%% Bhard ?%I?Qé’ Ef)o)fy ﬁﬁ'tre?'i Plak i fyRn 1§y and

the our circ erent 4a to 14d |n - 5] e surface 11 of
t he iptobs substantialy square frems érrire amaperdsil ph@wenbawﬂgﬁgiesquefé% it £ad therrpounting-

anOdﬁd% 8[2}‘@%%'[ 106 ¢ ﬁé QEbRAES 0 5% BQT?B%J]E)I erhihgds tﬁ%rfﬁ@fbt foRtfl 1 S&hEQ tréae are

separated by I1'nsSul ating gaps he respective ano
t er ndatierms of botimsliriahes ahe@dd 12orusetdingly, aindbe laagking-sde auréacel Ecefrthe éubalrate

t
coNnAg LBty Bf PUIRCRLECIERURS 6h Nl B o id iobsle RAnIR sPats
conrfertéthgt pbeitansotiiet 872 eprosie Serredspend tdhe wiwalitn &f readd jermtinabu §h of the

el e%&%ﬁghf’% éeJ}@ %%éggéuu%e%oaée dﬂ#&ﬁﬁd BlkBrddks S ToRPRRRINAnEURBEE  of

t he throu are at® an appropriate pitch so as to
suppresde pbgion} i2d a¢f thestapaaitar eel(ex@gnh@@t i ARO rass t@t @ﬁé'@y sisiet alréavet he of jthest

ter rgu'B ratg | RCLIRgS tlﬁéf 85%%7Wqﬁoggﬂe%ﬁﬁ g i %EQ@E 85@ t@]’ﬂﬁhéﬁ’%ﬁ"‘}@e”

term na he cat e connecti ng el ectro
Capafolrnneﬂ aifz penitian that is 0ppos|stn (For@spendstopthercaltiasis t@'ﬁﬂlﬂﬁé%ééfa%moéﬁt'@-%% nt

20 QMgéee '1gq§9%uké%%a$@ o ddrmke rélé‘&ﬁ)d%‘@%l‘ cgrg{ef(oaﬁfzo fh'eq,%}hdd% Ehavge | n

FI G vView o he capa |tor el enment ooking fromthe
secqamtmuafzmﬁwe(qa@mtorglmma@ side) is shown. In FIG 8, a VIII-VIII
Cr 0S§g ﬁct i onal view 14 of the capacitor elenent 20 (a VIII-VIII cross

sectlon for FIG 6) is shown. In addition, in FIG 9, the structure of the
capaci t or Télakigeion the lvadindheida shfacmy 1 of the pdpatiate ') alsd, dhgyaaods 68yestg i on.

[OoﬁucérodFs 56 ﬂ&et@%ﬂ*\otdgr CSIIII%EE&? dé]@ gl fﬁ M 2@0lRhodly Ofrodilie eVt 1 1S
o) ec

ectro ytic capacitor tro \étlc capacitor el enment) and
i nclargesferepieat® wﬂihktéecﬁrpurtanOdefqonneqtmu@Iq%rgéee( @@élngubgﬁ%v%y formed @t thgavi ng

val vg, efdR&E 153ab 1*5%8%9%%56% didk eur%@Sﬁan*rh@'cgﬂﬁoéaeaﬁreec%h%%ctrzr&e shase 23

has a first surface 23a and a second surface 23 have Dbeen nmade porous
by efisnoseg ime patkonithe loading-side susagepl b of thie sukstigirl 18 dhataeiugsp the appge

! O\W{?nﬁé&@g%&@e@s 66 ngﬁ%éu;hfea&%)ode%hnéaﬁgse@%dé%@dg Rstraldd® S3Hof @fer 11

e subStrate 10 an irst surface ails per-side surface

(upples cenief peréipn 36 anf dhefppp sireumfeiegtialiasopn d4a ée o 0%@&'%@@23!58 stihaage1
surfAGRs saéé}ra@@@lo%ﬁ% t]ﬁ@ysa% By elstBE rholrtiRg-side- SlewRe 0izf @6d bABIL EorRtiRGCe

el tel&?r%dcraé 6 and {he cathode connecting electrode 57 are separated by insulating gaps 59.
[0045]

The respective anode terminals 51 and the anode connecting electrodes 56 are
electrically connected by through electrodes (through holes, via holes) 55 that pass through the
substrate 10. The cathode terminal 52 and the cathode connecting electrode 57 are also
electrically connected by through electrodes 55 that pass through the substrate 10. An appropriate
number of the through electrodes 55 are provided at an appropriate pitch so as to suppress
electrical resistance (connection resistance) between the first terminal electrodes 51 and the anode
connecting electrodes 56 and between the cathode terminal 52 and the cathode connecting
electrode 57.

[0046]
1.3 Capacitor Element

In FIG. 6, a plan view of the capacitor element 20 (when locking from the first surface
(upper surface) side) is shown. In FIG. 7, a bottom view of the capacitor element 20 (when looking
from the second surface (lower surface) side) is shown. In FIG. 8, a VIII-VIII cross-sectional view

14



A first functional layer 31 is fornmed on the first surface 23a of the base
23. The first functional layer 31 includes a dielectric oxide film24a, a
solid electrolyte | ayer 25a, and an el ectrode | ayer 26a | am nated (| ayered)
in that order on the first surface 23a. An etched alumnumfoil, a tantalum
sintered body, a niobiumsintered body, and a titanium sintered body can be
given as exanpl es of the base 23 that has valve effect. Wen considering

t he ¢fdheraapasionglement 0addiVilecrpss section ferdde. Roashewr, Ineaddiisacintfde. diteerent
20 t t et ched

al umé}ﬁm#?%ﬁ h,g C%ES& %#@gg Flﬂ?’; SE?)?:O glg%y %Y{%@Qaﬁ‘a 'Eh]{/ ehﬁﬁgrﬁarﬁ?%ﬁg{ “fﬁqor med on

t he ©0#flace thereof. The solid electrolyte |layer 25a can be formed by

| am natin t \ I WAGAT

T greﬁ%oﬁéa{agfé& défé’rﬁerﬂ%é(ﬂ%ftorsﬁg 56 o gaéwc@q B2 BV IBRIRIE NG padior

ectri (004 ectropo yneri zation or

t he (sblicbelecraiytiexanptiter elemand asndded/vdasen P|§Sﬁe|ﬂ<92€6§'ﬂﬂ §int-tirrdpasei (baspsidstiaedr med
In a4 ﬂ)\‘%'éwﬂ?@‘éﬁlstemé%ﬁmhf gauceé'&L&HhN ra%db%ﬁﬁal@%ua%a@ﬁnsﬁh%%é 235 3

cat hode port ore e contact resistance first functional
| ay dirsi3urigay 23aend @esegomd gluﬁ%pe@@hdh@tthave bgeapmdteé)qr%ﬁeby ¢taling af g liket Ween
t he I & C r
A seRang T hE matbfy sBfes, 236 it e INBrRIETAIREE (s lufdd) B ke e
basdoading-side ssefeond 1f<afrtbe|e@|hatratﬁ aeandithe first adéareald sl @@twnp@r-élsdﬁcﬁélrfﬁw m
24b, I | DWEG t 26h,
(1 ay(u?p %@uﬁct hcgft h%(rahééﬁgn t he tﬁ%%%crﬁegtf??%%%@& T%%ﬁgﬁéléggct r oddgeélg ayer 26b
f or riee mV@‘t&ﬂaOH‘dﬁj@ gown disection opmay Hircedlaiy o fight. el ement 20. In the present
speo[PM ation, the electrode |ayers 26a and 26b that are described as

c

functioning as the cathode portion 22 are cathodes in terns of appearance
only and iA first fmrrcéoeajllaxere'ﬂe@tfpan@d enithy drd spfacegda obghe hase Zee s/ 8t t he

rol g,Q t;owal”féEr%P B ni?clﬁéesaﬁtéﬂéllectflet&%eﬁlm BlLs 5 %IIH h&e&ﬁgﬁ; 'Ié&etr hesdesgr &pti on

glven irst 1nsul atln ayer that covers the
ent i glectioide dayer @Pa fareinatpd dayereduinftieatandgran tb@l@est sqréaC@f%tah V¥ gteled alymitupnal

I ay&hi) 3liahfy Jn?%m?&etgﬂoiﬁ% dibBigh Méﬁe@%dg%@i tlfahﬁmpé‘ﬁ@r@bodﬁ &R Gven
i nsu atln a er at covers he entire circunference of

cir (ﬁiirﬁ)@ﬂmlﬂsl ceﬂth%a@%e Zpihabhag Wévequects eBhed cpigideringrihe farapation sfza slgn deyigRd on
t he ﬁﬁo?%nﬂacwnfoa gZ%bcach.wa%ué?ﬁéﬁ z%%haﬁjs@sr&moeé@mmua{ foﬁma%le If the

(circunferential e first surface 23a of base substrate
23 jhaseydfoiserichad aﬂﬁwmfoﬂemet:dlﬁfegﬁ@r@@%fﬂab%a ISealurTwumloa'ée farnachen &g er
edge; Frhdeihafibr! The REfid BBEFIE IR} 255 chhBe fféan%Td tyNamIndtihd'd chRdRtive BalyRae
forms a.first electrode (anode) portion_ 21 of the capacitor elenent 20.
exarﬁ!a'P@ 8% POlepYriRiail Relviépahayer £r2oalyaniine oy dhe fiifBIEt%"Cc&?ﬁs'Ssé'H" o4& nby

i nsLﬂl@cttt‘oﬂglyﬁ]%ﬁkéhoﬁU(S‘rhthé%keo|@h@ﬂﬁmb%sbfnth@relé‘cﬁ@élﬁ Eé&?'%a |E0<§b'ﬁ@|hctlve paste 1he
capaci tor el ement al so includes a through-hole 27 that passes through

t he feraiden eolay@rr@oyaé@ salid eleqtigyie)layainé?a. @ﬁawonﬁg}@ﬁs 98 cathofg PREWPNAT- alf
| NN§L Ederthd! %ﬁé&%él@ﬂan%ﬁﬁ@ﬁr@t f@nﬁ@n&fai lalpér 31%99%%@'&1@%@3—%&% ](;l%phlte

functional layer 33 includes a dielectric oxide film24c and a so
el ed@yeh |I%rmléat|ea>b§t*~%dh% Belid eledrofvigdanar ke a tbﬂ&iectsp%kawr%ﬁﬂ the side that
contiggdgs the base 23. In addition, the through-hole 27 is filled with

con uctl ve paste such as silver paste to forma through el ectrode 28
Accor di ngAysecong fungtiopaliayes32on dprmesen thessqeend sHEaca el b Rase i el &t ri ¢

<2)><I dRchid thedthal ah& Sohtiddsd 8t SideaNipY 24408, soﬁ@elebmytbhéwqhb ehrRcan ode

8 that are lamnated in that order fromthe base 23 side, [0052]
The Sifcipde fayer 26Rilainetedriayzredyin that ofdaran arReceishayracgy3b. 38h¢ glectrode

I Nt ggAbll f&h%dme%qtﬁoaagmﬁfn s Bihthfe Q%F%@# Renidri 29><I|ﬁg1é bleBe R 4peeficita,

first” functional ectric oxide film24b of the second

f undhe slealrodenlayers W%ﬂhaba@ %Q?@Hbﬁ%%fqnswn%% tr@r CEt"Pféﬂet H’ﬂ”i"&ﬂ 22 are
f un%tr@ﬂé&. .A ?@ﬁ% A3 b§ar‘aﬁ<§e,egﬁl?|dn)ﬂ i[O CRHld Te%ﬁb]'?%r laWerk RsahehaS 258 that are

el ectrol er 2 a of irst functional layer 31 and the solid
el ediveslt @l¢ a Bpctippings ackal satbedes. f Likcisitimsame Hytbe descrictipn given PRlow:
cirggugegrenti al surface 27a of the through-hole 27, by using a nethod such

as electrop ole/rrerlzatlon the solid electrol yte Iayer 25c _can_be forned
t oget her W iRl iNpating Inere2%5r theheovsss thexentirg Airgm{pienem of BFECYmesRYiR! edge

el e%ﬁﬁ%‘?hezﬁrs?ffur{ch@nél héfe?l FHUS GE RPN MY Bkt SFdc® B-0M tHEHa88 285 AQecond
physically and electrically contact the electrode |ayer 26a of the first

f undnsutating Iamve%bsthahﬁavqrﬁéh@w@@ter siaImfaseare 1R gircunifarestialoproer e of &l

| ayer 32. Accordingly, in the capaci§or elenment 20, a construction is used
where due to the first to third functional layers 31 to 33, the inner
circunferential surface 27a of the through-hole 27 functions together with
the surfaces 23a and 23b as a solid electrolytic capacitor and the



[ 0053] As shown in FIG 5, the capacitor elenent 20 is | oaded so

that the second functional |ayer 32 on the second surface 23b of the base

23 faces the substrate 10 to form (manufacture) the device 1. As shown in

FIG 7, with the capacitor elenment 20, the el ectrode | ayer 26b (the cathode

portion 22) is exposed in the central part of the second surface 23b and

the circunference (the circunferential edge 32c of the second functi onal

| ayesec®n) fufctiohal layee Sads Homedod tsbeehdtsudfaenddb pBthedasa 2Br & gircsioverealip! by

the N . ing| 23b
e Jotibrp SHEH 000y 288 GNP TRR a2 ARG B0 LORAEF N SlfonB B

the ampater ctmunéetemslde(ol ani qthiside, mﬂhaoutevedgmsltie. @ltheperiphasyside) of t Brfigstl n

bet I t 2 f

e a4 b, PSSR G S SR R Mor Do RSP b,

subs@nateeampfe qf tlges ipulating Iayersﬁ@asamlv@ﬂh arefiras cempesed ¢fendhswalinoeiesingaiciit he

entlése%(%m eg{nedpcégaxe}tljgtgwm rcunferential edge 31c of the first functional
S

| ayer I ncl e four edges and the four corners of the surface
on tl3@5tpposite side to the |loading side (that is, the first surface 23a)
of the ba I e of
O 1 DSk HAREE Ao FURREED RUBRGRUIEE Eh UL bt

por t dfdhe Rase 83.f 6rthtetjfunf:mnaébamp$?els foynefcdoprnim gmeherrdunﬁ@neatlal rsgrftafeweﬂa ofdhe on

t he o 3 lead i r b of
tho LiBhRi pPOCT Ry YuhBnariERe 3 1A%des" SRTRRR: UGy rih 26 o Blecli? ¢
i nsmlacttrqttge laype 250 St tace expioated tmélasgrdewemzma sife mammms e bpe®B88] In

ns SheR thefihfBugRnoldo? RSuEE WifiohdudilE oABRARAU!SIAN dabid 03bir 3 hegRgRCd.
aroun fe"'Circunt erence o e fiorst ace capacitor el

20 aglectidde Zaawoﬂecom&nglectmrtglr@Iftartv;tamajé@es@Sds opn@rtgvtﬂﬁs@frtae @lielgrtig exide film

el e?f-{a' R é&fldcé?éﬁtr%ﬁ}t@%éfgy 289 %'drtgett’rﬁb CRBENSE Y BB lanhALES irPthal Hﬁﬁr as
gol copper ‘wres, or alum num res I nce the anode portion 2
appe‘mtmbﬂm&&&!@ entire circunference of the first surface 23a of the
capagj ar el ement 20 that is rectangular when viewed from above, if the
anode connecting el ectrodes 56 of the substrate 10 are provi ded at

posi ti ons Tlegtigletttie oxide dilmi2de ehidie third funstionshtiyag33 isdetegially atasiugad ooethee
sub |fkﬁfh% d}Qe&ﬂg ?IE‘JS fllibﬁtzﬂhla ISt sf ﬂn{:ttb‘?tapl‘a&%eﬁ BAd ft‘% dl&@&ﬂ@%&lb@@llh@@ﬂﬂ"d’f e

bon ossi b e cgpamtor el enent I nclud |né:1 bonding w res
the ssmn Enetipriay layhe 3padlibadgiolig elesiiolrte laye?omof bsithiy Binctdpfb?ééﬁYﬁh 3rigsi n

suc I |
g SR AEELGAN 00 G0 St s RO R 0
e

a vdhe ciobrta fayge 20Rydiuhe deepnd Iﬂl@oﬁg'ﬁ)@t'%ﬁrézm At[thedm)er circumferentjal t he
Capaﬁrﬁa% 2oL eRRd tI?rngt;It e t(‘?gr %g Jsﬁgcé InQRFdd Eﬁéheés %ﬂectr§p5lﬁﬁ§%tl&ﬁ‘ tthsoild

surface on the opposite si | oad |ng side, that Is, on the first

sur fededropa layer 2he deasee famed depather withe the §'éie3qea?feﬁh92@§e(ﬁ$ t Heaéftw%dee
t hertﬁ Pﬁ%t dBobd9s %?IH%OI‘FIEd RRctibR Ia%%r 33nepRaRed %8 dssto %9@&@9 afbitdiedidrany i 1 st

i nsu a er 29a i1n et ween on 't he out si de of entirée circunference
t hathntﬂ@t ele@trféief layer ggeisthaicst iwectipaairlayas rdieand the Qlﬁéroepé@terr@@é ofdber

26a JQohLE MG 32%1552 e)\@&)‘i’(ﬁlﬁ&? |h@ﬁl@9é?:)ac@&r&ér9@nt22h a%\ﬁn&thlcﬁo@rsrlﬁégm

t he anode Irst ectrode) portion 21 and the cath portion 22 (the
el ectueotgethp el toothiy famcéloaaislgweomctq)% the Iane" @m@ﬁn%ﬁll SHEagma7a of the

Ci rCtHrr&ISggB%n 7 hﬁ&%g@ tegéemer Wikh tr% &ﬁeteeé 93PLANIEE A 4 Qand%‘iéctﬁ)@me%b%tor

el ement whi ch such a capacitor el enent has been
| oadisd.the fungtiena jayars Ihie q@o@emamﬂteq wIRaralighRing qlesdivess Ad. cﬁ3|bee'td #thed t he
centgi fcatiifieanode portion 21 and the el ectrode | ayer 26a changes al ong

the circunferential edge 17
[0053]

As shown in FIG. 5, the capacitor element 20 is loaded so that the second functional layer

32 on the second surface 23b of the base 23 faces the substrate 10 to form (manufacture) the

device 1. As shown in FIG. 7, with the capacitor element 20, the electrode layer 26b (the cathode

portion 22) is exposed in the central part of the second surface 23b and the circumference (the

circumferential edge 32c of the second functional layer 32) of the second surface 23b of the base

23 is entirely covered by the insulating layer 29b. Accordingly, by orienting the second surface 23b
16



31c of the first functional layer 31, and the electrode |ayer 26a is
connected via the through electrode 28 of the third functional |ayer 33

t hat passes through the center of the base 23 to the el ectrode | ayer 26b of
t he second functional |ayer 32 connected to the substrate 10. Accordingly,
current flows through the first functional |ayer 31 in diverse directions,
which also facilitates the provision of a | ow ESL capacitor el enent 20 and
a deleivaed theupadingssidé sedarneci 1t ofithe ebatiate YHand disgaging the capacifopelement2pwiht or

ele 2 I

prO\r/Ui; g:toaggcw%gﬁ?%é?ﬂggs%gqgﬁg §3é)é\n§efhlg%§ gﬁiéqg%&é@%ﬂe?tagagﬁ%ehe
t hr ocajhods paotiond@ of she cepdaited eleoent 20 @ndabe camOdagwnﬂﬁé!nge,aIﬁOérp%ﬁ?wféh%ase
23. Lot Q{ Syl rangenent , t he anode (first electrode) portion 21 can be

contl nuously di sposed around the circunferential edge of the base 23. Al so,
t he [CB%4lut of the anode portion 21 with respect to the cathode portions 22

| nel ud ng ALendUN BBl % 4 1hE WredirelchoBYIEPLAE Broliftel el Bl Sfcuffierbhtal

base. In addition, S|ncé he ca e por I ons surfaces are
c onnedgeedll dogf th dirst Hurmtighal dayes t31p that 8ludeatthe fous @edges pod e tore cerantsedf toe t he

base, @% oh%g'oggucegs ag}ﬁvmsmoéﬁa ﬁhg%gﬂeeﬁeffﬁgt dufec& 28 @cafttﬁé bséeegg%ezo

as a e isr ortant factors to reduce t ESR of
t he kaggadd tsorxpebedronitheoutef cdg8hferential SIde B theofirsi ingulaieg taber 284 ttermdhal

!?yieésnog% %ﬂow]fl 'm%otﬁh gﬁH%%ﬁﬁdrﬁEdsfHF La0%o %7@ JQrf |ﬁ§e‘ﬁ1§ i ug%{ﬁp'lélfé|r99g7

I et nner circunferenti
t hr omgﬂnerﬂwtesuzfzce 83a Inetharsamet Wayt as theceicond ingulating lypH2¥ efdhe segandesurface

capagid Mo th%ﬁiasﬁiggfﬁg[bzlchﬂﬁpt Ve drfind BR IHALRUADINEY Soe didoll FRAIAECS934S O

pas roug e base vicinity thereof, the
dr opofithe bagsed3.t ance due to the through-hole 27 (i.e., the drop in the usage
ef fi ﬁﬂcy of the surface of the base 23) can be reduced and the

t hr hol e 27 can be flexibly disposed at a desired | ocation on the base
23. [0059]As shown in Fli® @ribdee gevice dn thiel apedef pertied 24ribahis emesetherquad the

cir CH@@?&Q%& 8{] e firsf 304 98a & %H@ r&tangﬁo? Qiéiferk 20 Yhd W Anbde c@hﬁ‘é&lﬁé’de

| ayer i's arrangement, electr connections are possible froma
var i aegiragies &@sﬁﬁtﬁh@rwbameﬂto are geetisally cconpestag bykondingxising Feraugienmetal pect

to LG i dzét[bg O%gioﬁoe\ﬁ/i'?es‘)fco%ﬁﬁ vﬁﬁé@s{:rra?&rﬁmm \mresvw@.ﬁée m%nS@@a&h&@m @bsémgt 20

is |loa
pri rarednc ithe @ntirebeisgumnfaenes afitihe rflwth@uml 2% 1>f ﬁbfs cse%cmtor @éﬁﬂ'@i‘tl?& that is

cr Osn%ci%ﬁ Glérqﬂherﬁ/égéﬂiﬁ'ém' oVR U8 hnBe @%dé@ﬂ?d eEé&FJo%Q%ESE—tr%fsuer@atQr1'0r£fr§d

circurt oard e capaC| tor device accord pr esent

enbaupyided ai Qomﬁt@@nmweacwmfww ehthg lp@%@-S@@rW@@e 32 Oéﬁhet ﬁ@bsftﬁat%f'%d
ci rCaLHdt ar%%tq nmdvve'tﬁ@ aoﬁne?e)%%' E&r?ecmvvsp vﬁr‘ép%dﬂlﬁgefsnb&%clglgg'rh@ c@p&@wfr al

part power su tern nal

ter rﬁlmenteaoemttstu&ths fpoaﬂfag mre@rﬁp& ifePraisGHad BYgths pperkadingregin (m%d'%(ﬁse!@ 31
el ecd rdagfld YeSPRA 1R eBYx2 rddit’c@hi b difen as an example of the molding resin 3.

Accordingly, a capacitor efement 20 of this type can be flexibly adapted to a variety of electrode
layouts for the substrate 10.
[0056]

In the capacitor element 20, the first functional layer 31 is formed on the surface on the
opposite side to the loading side, that is, on the first surface 23a of the base 23, and the electrode
layer 26a on the surface thereof forms the cathode portion 22. The base 23 is exposed with the
first insulating layer 29a in between on the outside of the entire circumference that includes the
four edges and the four corners of the electrode layer 26a to form the first electrode (anode)
portion 21. By this arrangement, the anode (first electrode) portion 21 and the cathode portion 22
(the electrode layer 26a) are disposed close to one another along the circumference. Accordingly,
it is easy to provide a low ESL capacitor element 20 and the device 1 on which such a capacitor
element 20 has been loaded. In addition, the positional relationship (opposing direction to the
center) of the anode portion 21 and the electrode layer 26a changes along the circumferential edge
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t hrough el ectrodes 79 that pass through the printed circuit board 70, and
the device 1 functions as a decoupling capacitor or a bypass capacitor.

[ 0061] As one exanple, the device 1 is a slimand conpact capacitor
chip for surface nmounting where the | ength of one side is around 10mm and
the thickness is around 2 to 4nm This device 1 is a slimand conpact

| ar ge-capacity capacitor device that incorporates the solid electrolytic

capadia of thel sk functionairiayenadl, andotheEsirctedg Ipuey 283 s vernesipdcdartbediiorant o
munéieétga?edf@’bﬁﬂ Jm.rfmeﬁa@ 183 thdl padest] fioubnithe el bi PhasRl 20ltbaRe
devi ce ere a prura ode trodes 5I are provid
rrnurﬁlecr:tg)dgdaf%:é?@b@f tmwsempﬁ ifenptipoal laies 88 canpeaiedhia the SdalPStfﬁé?)é@i f@F%rdWSWe
ConV&Panﬂ%% ¥hrb@ ﬂ{j fl}ﬁﬁtlcﬁﬁ{?&f@p 39Yin URr&Y difedtioNs, 'Miaﬁélseffa&hﬁteQQHéces
1. Accordingly, avor or electronic appliances such as

i nf aerovisionof pﬂmé%ucagamter efemant20 arda deiend sithsyple caracieriemedddut er s t hat
are ngﬂm ng i ncreasingly conpact and portable infor matl on processi ng
termnal’s |ike nobile phones and PDAs. [0062] addi ti on, as shown
in FIG 2,lnithe caracievelement 26 the ehthode pafiene 22khe eiaqztsodsllar;ﬁsa 26p&nd A0Rdde

t er re\ﬂ!:ledr’ 6n Bofh dirgRes Q% af4 2863F ba-EEQS%‘é rcSﬁHecE@)t By $2NhREgS BRELEqeds and

area can be reduced, whi c es It possible to sup ress ESL.
AI sqqrowi@d ancsdotrasaitiraigh e eanier ofche Kepo ds. tle tvs maasogpenlr eganase<Eet i n

the diotfadt) &b 992abe wﬁ.nﬂgwe]sgo SUL4166hd 18 cFbrRtREARIR Find BiRedai ce
rrangemnent I rect Inside current flows of the device

1 i SAlsi, vf@esla:mtécpf thehieobdeniRetioni 21 wifl yespsct tnéentggheds @o'ftlioe$ 42 ipelyding doe py

SuT HfiRlugh IEARS 28e%05yn‘ﬂ%g‘lﬁ5al%tme%?1@rcﬂfrlﬁé Yask ! |hSadRal Bhee ik tathbher

suppres provi‘de the device that 1s further suited to noise

r edusriians Zihoa bhtimvrﬁ’apesqa@w@qmeé@ddw the dyesgh electrode 28 fhat pastes theughibe s 51

and éetﬂ?ergagméo&fase A {Retidtarce eémﬁe%d@é)fd? ’tr%rba%lac@d?‘é]én%t e8kBedmole

portion he capacitor el enent are connected at short distances,
and is redusepadhessrare |t@mnort20t fﬁgtOf,eotﬁgecﬂlw@tt% ERRt9 thene2nepit g Rpo#is128- 27

di SR ﬁ% in the center and a reduced di stance between the anode portion 21
and 't he ‘cat hode portion 22. Accordingly, ESR can be suppressed further.
That nmakeBypieswing| tee tthirg fusnptional tiawer %mqlnﬂﬁhﬁqu@f@r&ﬁgw%ﬁafie @6RighEN%i t h

r ap'tqroﬁgﬁrhgle”.ﬁ? Q”Q%Qésﬁﬁ@ﬁf SdBe MHr CRcFVBRAIBIBIfasE Qﬂsdofttﬁe %ﬁ@ugmhcfﬂé‘?k't@g up
capacit ersonal conputer or the like.

hi's
usi ﬁbe errs del fupetions as a isslichelestralytic eapapisyitis wegap it ?6‘?” tﬁéh\ﬁi EEOL{Q{‘&HO"%/S
mor &7C ed R8sl te%a%§'ﬂnrobnga&%mr§ngorﬁoﬂ Bf B KRBT bYtheMIYIANERSY, the

capaci tor device even nore favorable for a portable electronic, appli ance

[ 006HPp in capacitanss dyrdving thrauothole 26 et ke ﬁm&d'ﬂ FﬂﬁgU%&lsﬁfe&ft%en?W therruirigesi ce
thenanade 2¢ah Rl 2didecRBst IHEHRRIGhShdM 2F NAnasd hedey oRpBkdbkt Bcapagar

aI ternately around the entire circunference 13 in an externally connectabl e

stat'@CatﬂFmOé‘“éﬁ PasfyEhent is easy to flexibly cope with a variety of |ayouts
BE] supply termnals 76 of the CPU 75 and wiring patterns of the

pr| ted'circuit board 70. The 19 termnal electrodes 51 or 52 are disposed

around t hd herfnoge pertiop Hr ie fad argurst et eiFRUMHgr S8 eR phibe capagitor Rle i ce

1, adsd %spcaréu'rr%%@“thé Ele'cﬁ'ocﬁ@?a?bpbéat By Y BRSSydntEht 28Iearied) Hophedti®AYtdhe I N
whi ch the cat hode term nal di sposed around the entire circunference

13. HossiblerfTam pevagely,of PPS'P%nSinLC%'F sl Rossigle fe dmproxe HgxiRllyevitheiesperito Bie viEng

shi e)8eRl SiGhé QHRIARM BHPRARAShdQAsiRItb M ent SONE RabiBe anode ternminals 51 are
next to (adjacent to) the cathode termnal 52 in at |east two directions
(twd0@fYes), this arrangement is favorable to shield the anode terninals 51
usi ngs RggCrkAagestermnal 52. In addition, the cathode termnal 52 is
formed so as to wdely cover the center l%art 16 of the substrate 10. It is

easy to shil@l bo'@wsC%beﬁqemnt@qi sifeit bozer! (9 PREHighethe SeMisad hasiheeRadadsd in |

thi %ré!@ysec%‘r? ﬂ@ﬁ’@% is meuRed @¥igmagpRAturfate ¥a0f thOpimembirdiit doarl @ram)tred
circurt board 70 and is also suited to noise reduction.
The capacitor device 1 according to the present embodiment is mounted on a position on a lower
surface 72 of the printed circuit board 70 which is opposite a power supply terminal 76 in a central
part of the CPU 75. The power supply terminal 76 of the CPU 75 and the terminal electrodes 51

and 52 on the mounting surface 2 of the device 1 are electrically connected by a plurality of
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[ 0065] 2. Various Exanpl es of Devices Exanpl es of different devices
according to the present invention are given below, but the present
invention is not limted to such exanples. [0066] 2.1 Layout of Mbunting
Surf ace The devi ces shown bel ow are exanpl es where the | ayout of

t he mounting surface 2 of the device, that is, the nounting- side surface 12
of the substrate 1 nd S] ce t cit Ioaded
on t eoEectiades 18 el rna i (g utle ﬁrpwﬂgt%@?@otnff e dlaee duiions 3¢

FI Gaaéc@jmﬁgcém;wmrgbyws§uéﬁa@ﬁ@r 2, that is, the nounting-side surface 12
of the eubstrate 10 of a different device 81. In this device 81, the center

part 81lof the mounti ng surface 2 is covered by an insulating sheet (a
nmasKki ng meadehe exdmpik, el dsvitedeisr£5lird aat copPAt dfe@shtmr calpdfot berfaarateunting

termnals 51 and the cathode term nal s 52 a ar. on t parts_al the
bt | WS e (B ol ofs S8 Ioarang TOB and freaniRires i Souid 3tp B P ARdet |

t er nignalsfimd dnd esoRgsAct Vee@ey-c rca@bmtdtedetvmer ttﬁt)l‘rtitfbltﬁorét'éa the sbiid eMctidngic
m)untln_surfacezb%an E alr% 52 res |§) éatz at .t he
our g qerment 2 aadhee dleve aad siw EsL hgprte raur e tambu i Bhata '
the arada. Tﬂﬂ%d’ﬂttﬁlﬂbéwc%l't erwrrmmwecaé&tmtie deRlcaiwigre %mamy'eaf aladdeeatmtoebysso as
to construct a frame or %H_Eof he m)utl{t @g}rface ndth entire
ci r cRIRT RPYAES oNathst mPH'ét'rtﬁ!o PR sut't FRBlcat g’[ 8% @ piiaitty Biﬂpﬁég‘tl i'fig€t he
ar eacoMyentnalieloaed ean ee @bvaba b9 onarndt o b& reaides detHeadavicealls ﬁﬂ:oﬁtﬁmﬂ-ﬁl‘thlen

t he mounti ng surface, 2, 05|bleto reduceth 5} %ﬁ)

Lo Bierae o aedtionicanmlientos SR e TR ionGrTogeeng epade b balBosiehrs 7o
and wsétmdumﬁuersimt &R P&joming ircrshsinglynEumipdchgnd Noitablé rdbrmation lpeooessingus
errbodl men bel OWagd}éﬁé]e same way as the exanple shown in FIG 11,

t§”B'8§§?‘B? e PaoRGS part of the nounting surface 2 with an
|nsqbg@2]ng sheet or insulating f| | mand obtain the sane effects. [0069]

In addition, as shown in FIG. 2, in the device 1, all of the anode terminals 51 and the
cathode terminal 52 are disposed adjacently. The current path can be shortened and the loop area
can be reduced, which makes it possible to suppress ESL. Also, the anode terminals 51 and the
cathode terminals 52 are disposed in the four directions of the device 1 around the circumference
of the device 1. In this arrangement, the direction of inside current flows of the device 1 is
diversified, which makes it easy for the magnetic fields produced by current to cancel each other
out. Accordingly, it is possible to further suppress ESL and provide the device 1 that is further
suited to noise reduction in a high frequency region.

[0083]

The anode terminals 51 and the cathode terminal 52 and the anode portion 21 and the
cathode portion 22 of the capacitor element 20 are connected at short distances, and the capacitor
element 20 is constructed with the through-hole 27 disposed in the center and a reduced distance
between the anode portion 21 and the cathode portion 22. Accordingly, ESR can be suppressed
further. That makes possible to provide the device 1 that is capable of coping with rapid charging
and discharging and is even more suited to use in backing up capacitors of a CPU of a personal
computer or the like. In this way, by using the device 1, it is possible to provide a capacitor device
that is more compact, has low ESR, low ESL and a large capacity, making the capacitor device
even more favorable for a portable electronic appliance.

[0064]

As shown in FIG. 2, on the mounting surface 2 of the device 1, the anode terminals 51
and the parts of the cathode terminal 52 appear alternately around the entire circumference 13 in
an externally connectable state. This arrangement is easy to flexibly cope with a variety of layouts
of power supply terminals 76 of the CPU 75 and wiring patterns of the printed circuit board 70. The
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FIG 12 shows the nmounting surface 2, that is, the nounting-side surface 12
of the substrate 10 of yet another device 82. In the device 82, the cathode
termnal 52 is continuously formed around the entire circunference 13 of

t he nmounting-side surface 12 of the substrate 10 so as to surround the
mount i ng-side surface 12. In addition, the four anode termnals 51 are
respectively provided inside the conti art. of the c termnal 52
o RemiAbebelides. fin Byre rishosed, GMRaRtarl SEuHEROR g he GHoYTiES

NoUNdUirfage W tiRc evicet, dnlden danicaigr BB pdsbBiectatiieéssd e Rratpandier iamgpieaf which
cont| nuousl y around the entire circunference 13 fourégo ers and f

edgetg'? GFthadkdempinnt PG digPesedearsurg the eptie ek QhER Gy Zlc'a 2.

I N asdisinieO, uskBe E@tﬂbde’iﬂﬁd&at 57 g% a@lhﬁek:ﬁéleét&&wid mbsesam@&anem tShecd thei de
of the continuyous part of the cat gode t er m nal Bgie Me suhroug\ged by
I@t asi

t he FARJHDIRAP 7 ﬁéﬁ neyd ta (RfiRceRt 198 thagath W“'EB Pce

82, &igesp tﬁ@arréﬁ@é:ﬁ@ﬁtwmamitetot&fém i Sncik tameinals B Qisidedle eythobe tearatimwde
t erm nal it 1s possible to further suggress oi se

aks
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[ 0078] FIG 20 shows yet another exanple of a capacitor el enent.
FIG 21 shows the construction of the capacitor elenent 20y by way of a
XXl - XXI cross-sectional view (an XXl -XXlI cross section for FIG 20). In the
sanme way as the capacitor element 20x shown in FIG 19, the capacitor
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[ 0083] The four corners of the first functional |ayer 31 of the
first surface 23a of the base 23 are cut away and the circunferential edge
of the first functional layer 31 forned by such cutting away i s covered by
the first insulating layer 29a. In addition, the anode portions 21 are
formed so as to appear at the four corners of the base 23 and be separat ed
fromthe first functional |ayer 31 and the foulﬁ&efunct onal éer 34
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the substrate 10, including the designs described earlier.
[0077]

FIG. 19 shows a different example of a capacitor element. For the capacitor element 20x
shown in FIG. 19 the external form of the base 23 is rectangular, the through-hole 27 is provided at
a point of intersection of the diagonals, and the first functional layer 31 and the second functional
layer 32 are connected by the third functional layer 33. Forms of the capacitor element 20 are not
limited to a square and may be rectangular or another polygon when viewed from above. A
capacitor element 20 may be circular. Most devices for surface mounting are quadrangular when
viewed from above and in view of space efficiency for providing a capacitor device with large
capacity, it is preferable for the capacitor element to also be quadrangular, such as substantially
square or substantially rectangular, when viewed from above.

[0078]
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The capacitor unit 90 of the device 111 is a lam nated type where three
capacitor elenents 20a, 20b, and 20c are | ayered (|l am nated or stacked)
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10 upwards, that is, in a perpendicular direction (first direction) 99 on
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[ 0092] The four corners of the first functional |ayer 31 of the
first surface 23a of the base 23 are cut away respectively. The cutaway
circunferential edge of the first functional |layer 31 is covered by the
first insulating layer 29a. In addition, the first el ectrode (anode)
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termnal s 51 are formed at positions2that are opposite the pl uralrty of
anode termnals 51 of the nounting-side surface 12 to form anode connecti ng
el ectrodes 56 for connecting to the anode portions 21 of the capacitor unit
90. Al'so on the |oading-side surface 11 of the substrate 10, a connecting



[ 0097] The anode connecting el ectrodes 56 and the cat hode
connecting el ectrode 57 are di sposed around the entire circunference 13 on
t he | oadi ng-side surface 11 of the substrate 10. In the device 111, twelve
anode connecting el ectrodes 56 (which is the same nunber as the anode
portions 21 of the capacitor unit 90) are fornmed on the four edges 14a to
14d of the | oadi ng-side surface 11. The cat hode caonnectin | ectrode g? is
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The capacitor elements (capacitor cores) 20a to 20c are solid electrolytic capacitors (solid
electrolytic capacitor elements). The respective capacitor elements 20a to 20c include a plate-like
or thin film-like base 23 for having valve effect that has been cut in a substantially square shape.
The base 23 has a first surface 23a and a second surface 23b that have been made porous by
etching or the like. In this example, the second surface 23b is the lower-side surface (lower
surface) that faces the loading-side surface 11 of the substrate 10 and the first surface 23a is the
upper-side surface (upper surface) on the opposite side to the second surface 23b.

[0090]

As shown in FIG. 31, the first functional layer 31 is formed on the first surface 23a of the
base (base substrate for valve effect) 23. The first functional tayer 31 includes a dielectric oxide
film 24a, a solid electrolyte layer 25a, and an electrode layer 26a laminated in that order on the first
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By using the capacitor unit 90, it is possible to provide the capacitor
device 111 that includes a |large nunber of (i.e., twelve) anode term nals
51. These anode termnals 51 are typically connected in parallel
Alternatively, it is possible to group the anode terminals 51 connected to
t he anode portions 21 of the capacitor elenents 20a to 20c and provide the

devi ce,as _.a capacitor, device 111 conpati bl e [2102]
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di rection That € ano ort.i f ni .ty of
capdeergrsBRdadnie eoanddd eaius! RSB I Rale AR ot MR B et
anodX3aNetHd samse way ealthebaaccndl ireciaéing iayenmthef thpwacahddiurface R3im a8d sbipping er
bondi W I es as in.the pr nt _enbodi nent d | positions out
of t%g%?\ﬁé{ RALt ‘%%%@S%Wq '8%% %%etga%p%sgqggs? P'Iq@cecégr%n%cé@ee%géo%n appropri ate
| eaqodgzmame. The twel ve anode portions 21 can al so be connected to one
anot her by (direct n Wres.62 an |l e S
possi bl e 15 é%ﬁwbéiF%ﬁegPaﬁg*CﬁﬁﬁﬁS?“SFqﬁﬁBE%%ﬁ%f?ﬁ% mr?%&%éﬂégg%yghbbc
of mahinatksl. (stacked) while being rotated around the center (center of plate) 100 thereof. The
capacitor elements 20a to 20c are respectively so called four-terminal capacitor elements where
the anode portions 21 intermittently appear at the corners 39a to 39d in the four directions (at four
positions). [n the capacitor unit 90, for such elements 20a to 20c, the four corners 39a to 39d of
the first surface 23a of the respective elements 20a to 20c are exposed in the upward direction (the
first direction) 99 relative to the other elements, for example, the four corners 39a to 39d of the
element 20a are exposed relative fo the other elements 20b to 20c. This is also the same for the
elements 20b and 20c. By stacking the elements 20a to 20c so as to be shifted by 30 degrees, for
example, with respect to each other, it is possible to manufacture the capacitor unit 80 so that the
four corners 39a to 39d of all of the elements 20a to 20¢ are exposed in the upward direction 99.
27



[ 0106] In particular, in the capacitor unit 90, since the
respective anode portions 21 can be accessed fromthe upward direction 99,
this is suited to connection by wire bonding 62. Accordingly, connection
probl ens due to the | ead franme bending or a gap being produced between the
| ead frame and the anode portions 21 during manufacturing or during use can
be prevented fromthe outset. The plurality of anode portions 21 disposed
alonﬁogﬂe circunference of the virtual circle 38 do not have a constant
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2.4 Various Exanples of Capacitor Units FIG 32 to FIG 41 show
exanpl es of different devices according to the present invention. In the
foll owi ng, various designs of the capacitor unit (lam nated el enent
structure) 90 | oaded or to be nounted on the device are shown. [0111]
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[0099]

In the capacitor unit 90 of the device 111, the three capacitor elements 20a to 20c are
stacked in the upward direction 99 and as shown in FIG. 31, the electrode layer 26a and the
electrode layer 26b that are opposite each other in the up-down direction are electrically connected
directly or by interposing a conductive member such as conductive paste. For example, for the
capacitor elements 20a and 20b, the electrode layer 26a of the first functional layer 31 of the
capacitor element 20a and the electrode layer 268b of the second functional layer 32 of the
capacitor element 20b face one another and are electrically connected. In the respective elements
20a to 20c¢, the electrode layer 26a of the first functional layer 31 and the electrode layer 26b of the
second functional layer 32 are electrically connected as described earlier by the electrode layer
26d of the fourth functional layer 34. These electrode layers 26a and 26d form the cathode
portions 22. Accordingly, by stacking the capacitor elements 20a to 20c, the cathode portions 22
of the capacitor element 20a to 20¢ are connected in parallel. In addition, the electrode layer 28b
of the lowermost capacitor element 20a is electrically connected to the cathede connecting
electrode 57 of the substrate 10 via conductive paste 61 as shown in FIG. 27.

[0100]

In the device 111, the total of twelve anode portions 21 of the plurality of laminated

capacitor elements 20a to 20c¢ and the twelve anode connecting electrodes 56 of the substrate 10

are electrically connected by bonding using conductive metal wires 82 such as gold wires, copper
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FIG 34 shows the capacitor el enent 20g when viewed fromthe upward
direction. The capacitor elenent 20g has the sane construction as the
capacitor elenment 20a described with reference to FIG 28 to FIG 31 but
differs in that the external formof the base 23 is rectangular. The form
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out so as to be dlstnbuted the capacitor unit 90, can cope extremely flexibly with a variety of

fayouts of the multiple terminals of the anode connecting electrodes 56 and the anode terminals 51

on the substrate 10. Accordingly, by using the capacitor unit 90, it is possible to provide a device

111 for surface mounting equipped with a large variety of electrode patterns.

[0105]

With the capacitor unit 90, the electrode (anode) portions 21 at the corners 39a to 39d of
the first functional layer 31 that typically form the anodes can be seen from the upward direction 99
without being obstructed by other elements and can be easily accessed from the upward direction
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[0119] FI G 38 shows anot her device 116 when viewed fromthe upward
direction with the nolding resin renoved. The capacitor unit 95 shown in
FIG 38 includes two capacitor elenents, one capacitor elenment (first

capaci tor elements) 20p is rectangul ar when viewed from above and the ot her
capacitor elenent (second capacitor elenent) 20q is square when viewed from
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element or stacking orl the substrate

[0108]

The device 111 is mounted on the printed circuit board 70 as same as that of shown in
FIG. 10. The CPU 75 is mounted on the upper surface 71 of the printed circuit board (PCB) 70
and the capacitor device 111 can be mounted in place of the device 1 at a position on the lower
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FIG 41 shows an exanple of yet another different device 118. In the device
118, capacitor elenents 20 are | oaded on both surfaces of the substrate 10.
It is possible to load a plurality of capacitor elenments 20 not only on one
surface of the substrate 10 but also on both surfaces to increase the
capacity as a capacitor. [0125] As descri bed above, one type of
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[0111]

FIG. 32 shows a different device 112 when viewed from the upward direction with the
molding resin removed. In the capacitor unit 91 shown in FIG. 32, the three capacitor elements
20d, 20e, and 20f are stacked having been rotated by equal angles and the four corners 39a to
39d of the respective elements 20d to 20f can be seen from the upward direction (first direction) to
the other elements. The stacked capacitor elements 20d to 20f have the same construction, and
since this is the same as the capacitor element 20 shown in FIG. 6 to FIG. 9, description thereof is
omitted.

[0112]

For the capacitor elements 20d to 20f where the entire circumference is the anode portion
21, as shown in FIG. 32, by laminating (stacking) the elements while rotating the elements about
the through-hole 27, it is possible to expose the four corner parts 39a to 39d of the anode portion
21 of the capacitor element 20d on the bottom. It is possible to connect to the substrate 10 using
the bonding wires 62 and to connect to the anode portions 21 of other elements. This is also the
same for the capacitor element 20e stacked middle of the unit 91. By this arrangement of the
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Al so, one type of device included in the present invention is a device
I ncluding a | am nated-type capacitor unit that has a |l arge capacity, a | ow
ESR, and a low ESL and is al so easy to connect to a substrate or a | ead
frame. [0130] Japanese Lai d- Open Patent Publication No. 2007-116064
(Docunent 4) discloses a |lam nated solid electrolytic capacitor produced by

| am nating a plurality qf capacitor el ement substral L th |  plat
of vEAPREIQT Yilc BT i i§ RESTIRIR P JIroYde Iaalanﬁfl‘%{?é:"tmet Wpéc&qﬁqe\é/m&er?@ g‘&f'g% laﬁ??meon

the sipabRL@ 0@ ESR)@AG apk Eisen being formed on one side thereof, a cathode
portion conposed of a 36 solid electrolyte layer and a cathode | ead | ayer

bei l§'#¥r med on the other side, and the capacitor elenment substrates being
| anmi nat ed 9@, Bhadholden afRet RRULE ONS Whdrevidake! ot deeupwardppesiidre with the
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circumference by combining the elements 20 with the angles of the respective elements shifted so
that the corner parts 39a to 39d can be seen from the upward direction (first direction) 99, and
where connecting to a substrate using bonding wires or the like is facilitated. In view of space
efficiency to provide a large-capacity capacitor device, the form of the capacitor element should
preferably be quadrangular such as substantially square or substantially rectangular when viewed
from above.
[0115]
FIG. 35 shows yet another example of a capacitor unit. The capacitor unit 93 shown in
FIG. 35 includes seven capacitor elements 20g to 20m that are stacked with the angles
therebetween shifted with a pitch of 15 degrees, for example, so that the four corners 39a to 39d of
the capacitor element 20 on the bottom can all be seen from the upward direction (the first
direction) 99. The number of elements that construct the capacitor unit is not limited to fwo or
three, and like the capacitor unit 93 shown in FIG. 35, it is possible to laminate seven or more
elements. With this capacitor unit 93, it is possible to dispose twenty-eight anode portions 21
around the circumference of the virtual circle 38 and to provide a capacitor device including a
capacitor unit 93 with an even larger number of terminals.
[0116] '
FIG. 36 shows a different device 115 when viewed from the upward direction with the
molding resin removed. In the capacitor unit 94 shown in FIG. 36, two capacitor elements 20n and
200 that are rectangular when viewed fram above are stacked so as to be perpendicutar and so
33



CLAIMS 1. A device for surface-nounting, conprising: a substrate; and a
capaci tor el ement |oaded on a |oading-side surface of the substrate,
wherein the device is integrally nolded including the substrate and the

capacitor elenent using a packaging resin, the substrate includes a
first termnal el ectrode electrically connected to a first el ectrode
portion of the capagitor Iene t seco term elec rod

ol ecl &8 TQHr Cofiks. o2 1 594 Qe i emeﬁlﬁwsagg%ﬁﬁwﬂa‘bﬁr Stk 8%’38. Yrypard

el engifdction (the first ditdctibRPSd witiidut beihg absRubidd Hptheittieeemehb2@®. on an opposite
side_to_the | oading-side surface of the substrate is exposed on a nounting

sur f@dé7bf the devi ce, and the first term nal el ectrode and the
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ci rcunference of the nount | Pq%t@t rface of the dcglw ce.
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bas egedoribed Wahelfesiice to FIG. 28 to FIG. 31, the capacitor element 20n differs in that the

external form of the base 23 is a rectangle formed of the long sides 102a and 102c (length W2)
and the short sides 102b and 102d (length W1), and also in that the anode portions 21 of the
capacitor element 20n appear on the short sides 102b and 102d that are opposite the first surface
23a of the base 23.

[0118]

As shown in FIG. 36, the capacitor unit 94 has the capacitor elements 20n and 200 of the
construction described above laminated (stacked) having been rotated by 90 degrees around the
center point 100. By this stacking of the two capacitor elements 20n and 200, it is possible to form
the anode portions 21 around substantially the entire circumference of the capacitor unit 94.
Accordingly, the capacitor unit 94 is capable of being loaded on substrates 10 with a variety of
wiring patterns.

[0119]

FIG. 38 shows another device 116 when viewed from the upward direction with the
molding resin removed. The capacitor unit 95 shown in FIG. 38 includes two capacitor elements,
one capacitor element (first capacitor elements) 20p is rectangular when viewed from above and
the other capacitor element (second capacitor element) 20q is square when viewed from above are
stacked. In the capacitor unit 95, the two opposite edges 102b and 102d of the bottom element
(first capacitor element) 20p are exposed so as to be seen from the upward direction (first
direction) 99 without being obstructed by the top element (second capacitor element) 20q. The top
capacitor element (second capacitor element) 20q is smaller than the bottom capacitor element
(first capacitor element) 20p. The circumferential edges 103a to 103d of the top capacitor element
20q are disposed inside the circumferential edges 102a to 102d of the bottom capacitor element
20p.

[0120]

FIG. 39 shows the top capacitor element (the second capacitor element) 20q when viewed
from the upward direction. The capacitor element 20q has substantially the same construction as
the capacitor element 20n shown in FIG. 37, and the external form of the base 23 is square so as
to include four edges 103a to 103d with a length W1 that is equal to the length W1 of the short
edges 102b and 102d of the bottom capacitor element 20p. [n addition, on the top capacitor
element 20q, the two opposite edges 103a and 103c on the first surface 23a of the base 23 form

the anode portions 21.
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a first functional layer including a dielectric oxide film a solid
electrolyte layer, and an electrode |layer lamnated in that order on a
first surface of the base; a second functional layer including a
dielectric oxide film a solid electrolyte |ayer, and an el ectrode | ayer

| am nated in that order on a second surface of the base; a first

i nsul ating | ayer that covers a circunferential edge of the first functional
Iayep1%H the first surface; a second insulating |ayer that covers a
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[0122]

at

Although the top capacitor element 20q in the present embodiment is square, if the top
capacitor element 20g has a size where the circumferential edges 103a to 103d of the top
capacitor element 20q are disposed inside the circumferential edges 102a to 102d of the bottom
capacitor element 20p, the top capacitor element 20q may be rectangular or another polygon and
one edge may be shorter than the length W1 of the short edges.

[0123]

FIG. 40 shows yet another example of a capacitor unit. In the capacitor unit 96 shown in
FIG. 40, the capacitor elements 20z with four terminals described with reference to FIG. 22 are
laminated (stacked) while being rotated about the through-hole 27 in the center. By using the
capacitor elements 20z, a capacitor with an even larger capacity is obtained and by using the
capacitor elements 20z with the four terminals, a multiple-terminal capacitor unit 96 with five or
more terminals is obtained. Accordingly, by loading the capacitor unit 96 on the substrate 10, it is
possible to provide a capacitor device that has a large capacity, a low ESR, and a low ESL, and is
compatible with substrates 10 with a wide variety of wiring patterns.

[0124]

FIG. 41 shows an example of yet another different device 118. In the device 118,
capacitor elements 20 are loaded on both surfaces of the substrate 10. It is possible to load a
plurality of capacitor elements 20 not only on one surface of the substrate 10 but also on both
surfaces to increase the capacity as a capacitor.

[0125]
As described above, one type of device included in the present invention is a device

including a capacitor element that has a simple construction, where electrical connections between
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a base that is plate-like and for valve effect, and has a first surface
facing an opposite side to the substrate and a second surface that faces

the substrate; a first functional layer including a dielectric
oxide film a solid electrolyte |ayer, and an el ectrode |ayer lamnated in
that order on the first surface of the base; and a second

functi onal cluding a dielectric oxide film SO|Id trol
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[0127]

In the technology disclosed in Document 3, by increasing the number of through holes, it
becomes difficult to achieve sufficient area for the cathode layer of the capacitor element, which
makes it difficult to increase the capacitance. Also, it is necessary to separately provide a means
for improving the electrical connections between the cathode fayer formed on the upper surface
and lower surface of the capacitor element.

[0128]

in a capacitor element including the through-hole electrode disclosed above and a device
including such capacitor element, the cathode layers formed on the upper surface and the lower
surface of the base substrate can be electrically connected and a drop in the capacity can also be
suppressed.

[0129]

Also, one type of device included in the present invention is a device including a
laminated-type capacitor unit that has a large capacity, a low ESR, and a low ESL and is also easy
to connect to a substrate or a lead frame.

[0130}

Japanese Laid-Open Patent Publication No. 2007-116064 (Document 4) discloses a
laminated solid electrolytic capacitor produced by laminating a plurality of capacitor element
substrates with a metal plate of valve effect in the form of a flat plate with a dielectric oxide film on
the surface, an anode portion being formed on one side thereof, a cathode portion composed of a
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6. The device according to claims5, wherein the device includes a
bonding wire that connects the first electrode portion and the first

connecting el ectrode, and t he second el ectrode portion and the
second connecting el ectrode are connected directly or via conductive paste.
7. The device according to claim4, wherein the first el ectrode

portion is an anode of the caﬁ)a tor ele ond. el ec &]ode 88 tion
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deV| ce according to claim4, wherein the second term nal el ectrode extends
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vvher{@ngn]t he second term nal electrode is forned continuously around a
circunferenti al ed e of the substrate.
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easily connected to a substrate, a lead frame, or the like.
[0132]

With the capacitor unit disclosed above where a plurality of capaciior elements are
laminated so that a part that includes the four corners of the base can be seen and with a device
including such a capacitor unit, it is easy to connect the plurality of laminated capacitor elements to
a substrate and it is also possible to improve the ESL characteristics.

[0133]

Note that the devices, capacitor elements and capacitor units described above are some
examples of devices, capacitor elements and capacitor units included in the present invention and
the present invention is not limited to the above description. The capacitor element may be
another type of capacitor element, such as a non-solid electrolytic capacitor, a ceramic type
capacitor, or a film type capacitor. Also, the device for surface mounting according to the present
invention is not limited to being combined with a CPU and can be used in combination with another

circuit element, for example, a smoothing circuit of a DC-DC converter.
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wherein the plurality of first term nal el ectrodes include el ectrodes
respectively appeared at four corners of the nounting surface and the
plurality of second term nal el ectrodes include el ectrodes respectively
appeared on the four sides of the nounting surface. 12. The device
according to claim 10, wherein the plurality of second term nal

el ectrodes include el ectrodes respectively appeared on two opposite sides
and four corners of the nounting sd?#ﬂ@g 13. The device according to any of
clainms Ito 3, wherein the second term nal el ectrode appears
continuously around the entire cjrcunference of the nounting surface and
the T devigeiorpiiaceandtingROMRSSEEr s on an inside of the second terninal

el ectrode. 5 dubstrafeeaf@vi ce according to claim13, wherein a
plurality of first term nal el ectrodes, appear s surrounded by the
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wherein the first _electrode portion. incl ITIdeS gé)rti ons

i nt RN ribe GaracerIeTRR! AN TRMBH &inal EggRi%Ele a1 RBScEi oz second
electrode portion of the capacitor element,
at least part of a mounting-side surface on an opposite side to the loading-side surface of
the substrate is exposed on a mounting surface of the device, and
the first terminal electrode and the second terminal electrode are adjacently disposed

around an entire circumference of the mounting surface of the device.

2. The device according to claim 1,

wherein the capacitor element includes:

a plate-like base of valve effect;

a first functional layer including a dielectric oxide film, a solid electrolyte layer, and an
electrode layer laminated in that order on a first surface of the base; |

a second functional layer including a dielectric oxide film, a solid electrolyte layer, and an
electrode layer laminated in that order on a second surface of the base,

a first insulating layer that covers a circumferential edge of the first functional layer on the
first surface;

a second insulating layer that covers a circumferential edge of the second functional layer
on the second surface; and

at least one through-hole that passes through the base,

wherein a third functional layer including a dielectric oxide film, a solid electrolyte layer,
and an electrode layer laminated in that order from a side that contacts the base is provided on an
inner circumferential surface of the at least one through-hole, and the electrode layer of the third
functional layer electrically connects the electrode layer of the first functional layer and the
electrode layer of the second functional layer,

the first electrode portion is formed by at least part of the first surface of the base being
exposed on an outer circumferential side of the first insulating layer, and

the second electrode portion is formed by at least part of the electrode layer of the first
functional layer, the electrode layer of the second functional layer, and the electrode layer of the
third functional layer.
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17. The device according to claim 2, wherein the first el ectrode
portion appears continuously around the entire circunference of the
circunferential edge of the first surface. 18. The device according to
claim2, wherein the at |east one through-hole is provided at the center of
the base. 19. The device according to claim 3, wherein the
plurality of capacitor elenents include an upper capacitor elenent and a

| ower capacitor elenment facing one another, the electrode |ayer of the
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claim electrode layer laminated in that order on the second surface of the base,
wherein the first electrode portions of the respective capacitor elements are formed by
exposing a part including four corners of the first surface of the bases of the respective capacitor
elements in the perpendicular direction to other capacitor elements out of the plurality of capacitor
elements, and
the second electrode portions of the respective capacitor elements are formed by at least
part of the electrode layer of the first functional layer and the electrode layer of the second

functional layer.

4. The device accarding to any one of claims 1 to 3,
wherein the substrate is a laminated substrate, and is patterned so that the first terminal
electrode and the second terminal electrode are adjacent around at least the entire circumference

of the mounting-side surface of the substrate.

5. The device according to claim 4,

wherein the substrate includes:

a first connecting electrode that is electrically connected to the first electrode portion of the
capacitor element and is provided at a position on the loading-side surface opposite the first
terminal electrode on the mounting-side surface;

a second connecting electrode that is electrically connected to the second electrode
portion of the capacitor element and is provided at a position on the loading-side surface opposite
the second terminal electrode on the mounting-side surface; and

a plurality of through electrodes that pass through the substrate and connect the first
terminal electrode and the first connecting electrode and the second terminai electrode and the

second connecting electrode, respectively.

6. The device according to claim 5,
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wherein the four corners of the first surfaces of the respective capacitor
el ements are disposed for nmaking a first circle. 23. The device according
to claim 3, wherein the first electrode portions of the respective
capacitor elenents include portions appeared on two opposite side of the
first surface of the base. 24. The device according to claim 3,

wherein the device conprises - a first capacitor elenen n econd
capaci t or ‘¥IERBibe Pﬁ%ﬁgg m@@a@cé@ﬁ%wgzﬁa&&%&?tﬁ t@%ﬁfsgsgﬁi%‘g‘% E‘UP%'? and
]Eil I ek ified cofrtsbting .lelectrodet bﬁ%second C%Loam tor elenent is smaller than the

I rst capacitor elenent, and.a ciycu e tial ed he base
second cgﬁﬁ‘éls‘?ﬁqn defleiEade Rogtiaf; %’}5{)@8&99 eRaNgC q?%g%pé{aeq{?lcgpneecg%dea%qcﬂyhe
basepafia tdrRiutiivestaseapaci tor el ement. 25. A printed circuit board on which a
devi ce according to any one of clains 'I to 24 is nmounted. 26. An
el ectroni c appliance conprising a printed circuit board according to claim
25. 27rhe'%le€4%@@@bérarn eb ermnl, corrprl sing: a plate-like base of valve effect;

a first function ncl udi n adleetr oxide fil
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8. The device according to claim 4,
wherein the second terminal electrode extends toward the center of the substrate.

9. The device according to claim 4,
wherein the second terminal electrode is formed continuously around a circumferential

edge of the substrate.

10. The device according to claim 4,
wherein a plurality of the first terminal electrodes and a plurality of the second terminal

electrodes appear alternately around an entire circumference of the mounting surface.

11. The device according to claim 10,
wherein the plurality of first terminal electrodes include electrodes respectively appeared
at four corners of the mounting surface and the plurality of second terminal electrodes include

electrodes respectively appeared on the four sides of the mounting surface.

12. The device according to claim 10,
wherein the plurality of second terminal electrodes include electrodes respectively

appeared on two opposite sides and four corners of the mounting surface.

13. The device according to any of claims 1 to 3,
wherein the second terminal electrode appears continuously around the entire
circumference of the mounting surface and the first terminal electrode appears on an inside of the

second terminal electrode.
14. The device according to claim 13,
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a first insulating |layer that covers a circunferential edge of the first

functional |ayer on the first surface; a second insulating | ayer
that covers a circunferential edge of the second functional |ayer on the
second surface; a first electrode portion formed by at | east part

of the first surface of the base being exposed on outer circunferential
side of the first {nsulating |ayer; at |east one through-hole that ses

t hrough t WeHR & plﬂ’i%l'ty ot it te@*f‘ﬂi ‘?Iac’tfctﬁét?%’ﬁaf SPeﬁf‘eté B? ovfqe eg]nbgﬂﬁ nner
Ci r cebed Rihinal elsttFdgace of the at | east one through-hole that includes a

dielectric oxide film a solid electrolyte |ayer, and an el ectrode | ayer
|am nated in that order froma side that contacts the base, the el ectrode

| ayers, ghe UBGcd Bbddidihg Redtaionzl | ayer electrically connecting the el ectrode
| ayer of the first functiopal |ayer ang the. el ectrpde Iaa/e of. thF seiand

f unct i onalWhesgig the Sigst iInglating Javer cRvery EiRefitra CHEYRISHY Fo fclf"ﬁi%c'é’?,eren a

whe _re%itg@ o hfét ﬁris{ T@Jhctﬁinﬁplb?jé?ﬁ\dﬂﬁé tb@a@mdi iﬁQJI&tﬁf@Sam rcbi;er sheﬁ@ma bi@d‘:brl;lfﬁfel‘ﬂnicé WFS ly
or intermttently aroun e ire rcunference of the circunferential

edgéh%F'r‘fUr'l‘éfe‘FEi”F'%‘tedQEP?E‘@e’*‘.e"%@fp”'f‘ﬁtéor@g?&%ﬁ'tor el enent according to claim?27

or 28, wherein the at |east one through-hole is provided at the center of

the base. , 30. The capacitor unit includes a plurality of capacitor
el enént B¢ dgY{er PERASURY c\/%"’“Ff‘a‘;paci tor elements of the plurality of capacitor

el enents RgieRdn ks Gifstidebtioe PovtidNcloblies lpaitioRs 2ppeared Intenmittedty gounalthd y of
capaci tor el enments bei ng di sposed so as to be stacked in a first direction,
b$H4&CBor el enents include first electrode portions

wherdPrmisRentiabedas efithr i
formed by parts including four corners of the first surface of the base
bei ng exposed, and, .
19/. Thg de\%ce according to claim 2,
wherein the first electrode portion appears continuously around the entire circumference

of the circumferential edge of the first surface.

18. The device according to claim 2,
wherein the at least one through-hole is provided at the center of the base.

19. The device according to claim 3,

wherein the plurality of capacitor elements include an upper capacitor element and a lower
capacitor element facing one another, the electrode layer of the first functional layer of the lower
capacitor element and the electrode layer of the second functional layer of the upper capacitor

element being electrically connected.

20. The device according to claim 189,

wherein the respective capacitor elements include a through-hole that passes through the
base, and

a third functional layer including a dielectric oxide film, a solid electrolyte layer, and an
electrode layer laminated in that order from a side that contacts the base is provided on an inner
circumferential surface of the through-hole, with the electrode layer of the third functional layer
electrically connecting the electrode layer of the first functional layer and the electrode layer of the

second functional layer.

21. The device according to claim 3,
wherein the first electrode portions of the respective capacitor elements appear around

the entire circumference of the first surface.
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the four corners of the first surface of the respective capacitor elenents
are exposed in the first direction to other capacitor elenents out of the
plurality of capacitor elenments. 31. A capacitor unit including a
plurality of capacitor elenments disposed so as to be stacked in a first
direction, wherein respective capacitor elenents of the plurality of
capacitor elenents conprise: a plate-like base of valve effect; a
first functional |ayer including a dielectric oxide film a solid

el ec2z ghgldevicayesardiagto agineBectrode layer lam nated in that order on a

first surface of the base; . .a sgecond._ functional | I ncl udi a
di el ectri d’f"%ﬁf?'aeth? iqullﬁ C%{”éérﬁlc?fcfhﬁlf'é%tstuglgﬁ?seof QVe?%Spgﬂ'Heézﬁ%éﬁé)éterl%ﬁ%ﬂ% a%?}%r
Iammgﬁ&ddw@mmg DFidekira a second surface of the base; and first
el ectrode portions formed by parts including four corners of the first

surface of the base bei ng exposed, wherein the four corners of the

Ijl rs:g:,:[_ %éh?@i@e?f:cdrhiﬂg Itcﬁ&lpi&cs,i VF capaci tor e:c enents are exposed in the first
irection to other _c cjtor elenen out of. the plurality. o I,

el cront o WpESn A B, BlF ki aRPER OLTo g e b AP P BRimetiear P RGRRS

pl urgdpchieddn WRRRDSIRS sigd eMBa fitst dirkqpesttheimses to be stacked in a first
direction, wherein respective capacitor elenents of the plurality of
capacitor elements include: a plate-like base of valve effect; a

firsiq frupeleiiegatedraiyigto tlaied 8di ng a dielectric oxide film a solid

electrolyte |layer, and an electrode |layer | am nated in that or
first su.rfvﬂ}?é?%ftﬁ? HEvipy Samprises & first °§p%%@6ﬁ%m%ﬁépg@n%ﬁcopgfg a(ﬁtﬁg %@?%& a
f" e!tﬁgﬁérge;p@e@sﬁﬁelyisterwe@instaé parpehéictinodiydotion,ayner, and an el ectrode | ayer
am -
m nate thg éec%%d Oégpea[:it&neen?e%goigdsr%g !éraﬁ'l%n()fthet r}ﬁstb%gpeeicitglnﬂCtiailemant and a
circumferential edge of the base of the second capacitor element is disposed inside a

circumferential edge of the base of the first capacitor element.
25. A printed circuit board on which a device according to any one of claims 1 to 24 is mounted.
26. An electronic appliance comprising a printed circuit board according to claim 25.

27. A capacitor element comprising:

a plate-like base of valve effect;

a first functional layer including a dielectric oxide film, a solid electrolyte layer, and an
electrode layer laminated in that order on a first surface of the base;

a second functional layer including a dielectric oxide film, a solid electrolyte layer, and an
electrode layer laminated in that order on a second surface of the base;

a first insulating layer that covers a circumferential edge of the first functional layer on the
first surface;

a second insulating layer that covers a circumferential edge of the second functional layer
on the second surface;

a first electrode portion formed by at least part of the first surface of the base being
exposed on outer circumferential side of the first insulating layer;

at least one through-hole that passes through the base; and

a third functional layer provided on an inner circumferential surface of the at least one
through-hole that includes a dielectric oxide film, a solid electrolyte layer, and an electrode layer

laminated in that order from a side that contacts the base, the electrode layer of the third functional
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first electrode portions formed by parts including four corners of the
first surface of the base bei ng exposed, and the nethod conprises a
step of lanminating the respective elements so that the four corners of the
first surface of the respective capacitor elenents are exposed in the first
d:rection to other capacitor elenents out of the plurality of capacitor
e :

erITe‘?ynetrSelectricall;.r connecting the electrode layer of the first functional layer and the electrode layer

of the second functional layer.

28. The capacitor element according to claim 27,
wherein the first elecirode portion includes portions appeared continuously or

intermittently around the entire circumference of the circumferential edge of the first surface.

29. The capacitor element according to claim 27 or 28,
wherein the at least one through-hole is provided at the center of the base.

30. The capacitor unit includes a plurality of capacitor elements, and respective capacitor elements
of the plurality of capacitor elements being according to any one of claims 27 to 29 and the plurality
of capacitor elements being disposed so as to be stacked in a first direction,

wherein the respective capacitor elements include first electrode portions formed by parts
including four corners of the first surface of the base being exposed, and

the four corners of the first surface of the respective capacitor elements are exposed in

the first direction to other capacitor elements out of the plurality of capacitor elements.

31. A capacitor unit including a plurality of capacitor elements disposed so as to be stacked in a
first direction,

wherein respective capacitor elements of the plurality of capacitor elements comprise:

a plate-like base of valve effect;

a first functional layer including a dielectric oxide film, a solid electrolyte layer, and an
electrode layer laminated in that order on a first surface of the base; .

a second functional layer including a dielectric oxide film, a solid electrolyte layer, and an
electrode layer laminated in that order on a second surface of the base; and

first electrode portions formed by parts including four corners of the first surface of the
base being exposed,

wherein the four corners of the first surface of the respective capacitor elements are

exposed in the first direction to other capacitor elements out of the plurality of capacitor elements.

32. A method of manufacturing a capacitor unit including a plurality of capacitor elements disposed
s0 as to be stacked in a first direction,

wherein respective capacitor elements of the plurality of capacitor elements include:

a plate-like base of valve effect;

a first functional layer including a dielectric oxide film, a solid electrolyte layer, and an

electrode layer laminated in that order on a first surface of the base,
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a second functional layer including a dielectric oxide film, a solid electrolyte fayer, and an
electrode layer laminated in that order on a second surface of the base; and

first electrode portions formed by parts including four corners of the first surface of the
base being exposed,

and the method comprises a step of laminating the respective elements so that the four
corners of the first surface of the respective capacitor elements are exposed in the first direction to

other capacitor elements out of the plurality of capacitor elements.
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