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FI LM ELECTRODE FOR BREAKI NG ABNORMAL CURRENT Technical Field
This invention relates to a stacked-type @&l ectronic devi ce such as a
stacked-type ceram c capacitor, a stacked- type piezoelectric ceramc

actuator, and others having a ceram.c bo%é wth a plurality of interna

el ectrodes and an external el ect PBEEREEE

connect ed,
particul ar,

¥ on the ceranic body and
as a lead termnal, to the internal electrodes, and, in

to such a stacked-type ceram c device having a fuse el enent

for breaking abnormal cypheRen-Tyer ELECTRORFEKSEVTRE ArvING

FIIM ELECTRODE FOR BREAKING ABNORMAL CURRENT

Technical Field

This invention relates to a stacked-type electronic
device such as a stacked-type ceramic capacitor, a stacked-
tgpe piezoelectric ceramic actuator, and others having a

éeramic body with a plurality of internal electrodes and an

. external electrode formed on the ceramic body and connected,

as a lead terminal, to the internal electrodes, and, in
particular, to such a stacked-type ceramic device having a

fuse element for breaking abnormal current.

Background Art

A typical one of the stacked type electronic devices
is a ceramic capacitor which comprises a ceramic body of a
ceramic material with first and second sets of internal

electrodes and first and second external electrodes formed

© on.the ceramic body at different positions. The first set

of internal electrodes and the second set of internal

& ralectrodes are alternately disposed in the ceramic body and
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'spaced from each other by the ceramic material. The first

and second sets of internal electrodes are connected to the

- first and second external electrodes are connected to the

first and second internal electrodes. The first and second



A typical one of the stacked type el ectronic devices IS a ceramc

capacitor whig rises a ceramc body of a ceram c nmat gd@ipodhésds
first and secon e s of internal el ectrodes and first and second
external el ectrodes forned on the ce2am c body at different positions.
The first set of internal electrodes and the second set of i nternal

el ectrodes are alternatel disgosed in thf g n1c bo ggceg féom
each other bgxtREnadr AEE gPi SprVve TR $epd; termingls o %5nﬁ° S-5F
internal el ectrodes ar. onneﬁged %g thf cir f1£st and second ext ernal
el ectrodes arr®ecGRARBEHES t&o SXTEFRPSt anﬁ séctond i nternal el ectrodes.

The first and seco 0Qf3 d d the second
PCTI JP99/ 06805 H‘ﬂe first ¥0.08¢ §§§ernal eJZectroe?(? earIrllaI PRy

serve as | eaggtel %‘ 'm'tzrmfl e28Reebias wilihereanasét paréoraa estasnal

circuit. first set of internal electrodes and the second
set of interggl-gql %ttre%ea wikbtebies L8drséeshadihvennal elécstodeser nal
el ectrodes and second internal el ectrodes, respectively, hereinafter.

respectively, hereinafter.

In production of the ceramic capacitor, first and
second internal electrodes are formed by screen printing
"ﬁéthod on ceramic green sheets respectively. Then, green
sheets having first internal electrodes and green sheets
ﬁaving second internal electrodes are alternately stacked

- "o form a ceramic body. The ceramic body is fired or baked
5 form a hard ceramic body having the first and second

" internal electrodes. Then, external electrodes are formed
on the ceramic body.

In the stacked-type capacitor, when adjacent ones of
the first and second internal electrodes are short-
circuited by any fault, for example, pin holes existing in
the ceramic body, an abnormal current flows between the
first and second external electrodes through the short-
circuited internal electrodes to cause destruction of the

'external circuit as well as the capacitor itself. This is

a serious problem.
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The stacked-type piezoelectric ceramic actuator has a
“*%imiiS%r structure of the capacitor as described above. The

P Geduie material is a piezoelectric material and is
'“;oiarized.between the adjacent first and second internal

electrodes. The stacked-type piezoelectric ceramic



I n production of the ceram c capacitor, first and second i nternal

el ectrodes argqﬂﬁhgﬁg by screen printing met hod on ceram c g¢g %ﬁﬂggts
respectively. en, green sheets having first internal electrodes an
green sheets havi ng second internal el &trodes are alternately stacked
to forma ceram c body. The ceramic body is fired or baked to forma
hard ceram c body having the first and_second, .internal el ectrodes. Then,

external el e@GIREETNET GhRQy the sAmifar. rolle™ody . In the

st acked-type capacitor, en adj_acent es of t he first._an

internal el ectrode§eRP& 3%Fpe%ilgﬁkC%B9e838§t§ﬁ§l%égﬁﬁﬁc9%rg@%ﬁ%%r%; pi n

hol es existing 10:. Jdif GRWHNC 103%1 139 3RNInTRIAGY! ISl ddodis bet ween
FRese % ﬁ&?he short-
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as the capacitor itself. This is a serious problem

st acked-t ype ix33Q6! Wl@,@.eram c actuator has a simlar structure of the
capacitor as describéd above. The <ceramc material is a piezoelectric
material and is - In order to resolve the problem, JP-A 63-305506

(Reference I) discloses to form a narrow width portion in
each of the internal electrodes adjacent the external
electrode. The narrow width portion is referred to as a
fuse electrode. The fuse electrode is melted and broken
‘out by the Joule heat caused by the abnormal electrode
flowing therethrough.

However, there is another problem that the Jule heat
nay cause the ceramic body itself cracked.

JP-A 3-1514 (Reference II) discloses to use a wire-
shape fuse element for connecting the internal electrodes
with the external electrocde. An outer electrode is formed
on an outer surface of the ceramic body and is connected to
the internal electrodes. The outer electrode is connected
to the external electrode by the wire—-shape fuse element.

It is troublesome that the wire-shape fuse element
exténds on the outer surface of the ceramic body. Further,

- . when a pair of adjacent internal electrodes is only short-
circuited, the fuse element is broken ocut. This means the

capacitor can no longer be used.

[,

Object of the Invention

Therefore, it is an object of this invention to



pol ari zed between the adjacent first and second internal el ectrodes. The
st acked-type tric ceramc WO 00/ 33334

PCTONpe) 0o W EBAIEE 3 actuator has al £ Che oe0
simlar problem General |y speakinggs the electronic devices having a
ceramic body with a plurality of internal electrodes connected to an
external electrode also suffers fromthe sinilar problem I n order
to resol ve thprevédeem syacked sty sorranimefalegtronic dexas 2P Gt m a
narrow wi dth portion in _each of the interpal electrodes adjacent the

external el eEi-PSBEltYh‘éf MR IR RIPFFHAIH FINRG AT P (P KXPTHake

el ectrode. The,fu | ect rode_i s |ted an roke ut by the Joul e heat
caused by theeéﬁﬁgfﬂé %?%c?r%ﬁﬁ§r¥iQ§% ;%ﬁﬁ qﬁﬂﬁ?? wever ,
there is anot | em m c bod
Itself crackeggﬁogﬁgg ﬁ,LL%&% f@%?%%ﬁgferencéﬁ%¥) di Sc oses 5ﬁhse a ere-

electrodes through which the abnormal current flows are

only removed or separated by the fuse function from the
connection between the internal electrodes and the external
electrode without any crack being caused in the ceramic
body, so that the device can then be operable while still
maintaining its electronic properties.

It is another object of this invention to provide the
stacked-type ceramic electronic device with the fuse
function which is of a surface mount type.

It is another object of this invention to provide the
étacked-type electronic device with the fuse function which

has an improved equivalent series resistance.

Disclosure of Invention
According to the présent invention, a stacked-type
electronic device is obtained which comprises:
a ceramic body of a ceramic material having an outer
‘surface including a side surface;
: a set of internal electrodes disposed in the ceramic
“ “bddy and spaced from each other by the ceramic material,
the internal electrodes extending in parallel with each
other, the internal electrodes having their individual
lead-out electrodes extending therefrom to their end

. surfaces exposed in the side surface:;



shape fuse el enent for connecting the internal electrodes wth the

external electy aﬁn outer electrode is forned on an outer ;ﬁ 06‘365
the-ceramic b 0‘390233 Is connected to the internal electrodes. k& he g%ter

el ectrode is connected to the external elgctrode by the w re-shape fuse

el enent . It is troublesone that the w re-shape fuse el enent extends
on the outer surface of the ceramc body. Further, when .a pair of_ ad]acent
i nternal el ect r odesan sextgznahglectrade: miousted [on e caramif adhr n
out. This means the capacitor can no |onger be used.. bj ect of
the |nventi onconnectingcb@iap extqrnal Sletfed TFEFHY i nvention to
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overlying the end surfaces of the individual lead-out
electrodes in common to be directly connected to the lead-
out electrodes.

At least, the film element partially fuses by a heat
caused due to an abnormal current flowing therethrough from
the exterhal electrode to a particular one of the internal
‘electrodes to break the abnormal current from flowing to
the particular internal electrode.

In an aspect, the film electrode comprises metallic
material having a melting point lower than that of the

. internal electrodes. |

In an embodiment, the film electrode has a thickness
of 0.5-50 micrometers (um). Each of the lead-out
electrodes has a width of 50-800 micrometers (um). ‘

In an example, it can make use of metals or alloys
selected from a group of Ag, Pd, Cu, Ni, Sn, Zn, Bi, Pb and

. Cd for the metallic material of the film element. |

In a preferred embodiment, the f£ilm electrode is a
baked £ilm formed by an electrode metal paste being coated
‘on- the side surface and then baked.

Bt S Preferably, the electrode metal paste is a metallic
powder paste comprising electrode metallic powder and a
'-;ca:':rier solvent suspending the powder therein.

More preferably, the metallic powder paste further



abnormal current, wherein that ones of the internal electrodes through

whi ch the abwg)@)ys@grrent flows are only renmoved or separat el;hz“,tg%{@@og use

function fro nnecti on between the internal el ectrodes an

external electrode without any crack beiBg caused in the ceram c body, so
that the device can then be operable while still naintaining its

el ectronic properties. I s anot her object of this |nve tion to
provide the cpmaakaé-ﬁwpéeééﬁaﬁpé éPéEFFSﬁlgrﬂ@vglésﬁn ATRLRI 1 8 %me?ﬁﬁctlon

which is of a surface nount Eb I s anot her object of this
i nvention t oofr &ilde Bh §¥§% Bt ype electronlc device with the fuse

function which has nﬁnﬁgaggggAggg%ggigg%rggﬁeﬁétgf SLpoces

Di scl osure of | nveftt rng rese |nvent|on a

A S o A e rrsonts of
side Surfacemetallo-did%ﬂidﬂhohﬁbﬁhaﬁBr&bﬁ%hé@ﬂ@iléléBﬂ@Bﬂn&nahhe ceramc
organic solvent resolving the resinate therein. The
reginate of the metallo-organic compound/o:ganometallic
compound is one comprises the metallo-organic
coﬁpound/organometallic compound and resin mixed to the the
metallo-organic compound/organometallic compound.

The metallo-organic compoﬁnd preferably contains at
least one of glass forming elements of Si, Al, and B.

The electrode metal paste may be a mixed paste which
comprises the metallic powdér paste and the metallo-organic
compound paste mixed with the metallic powder paste. It is

’*”pf%ferable that the metallic powder paste further contains
at least one selected from glass forming elements of SiO,,
A1,0, and B,0;, or the metallo-organic compound may contain
at least one of glass forming eléments of Si, Al, and B.

In an embodiment of the stacked-type electronic
device according to this invention, the external electrode
overlaps the film electrode. The external electrode and

" 'the £ilm electrode can be made of the same material.

Alternatively, the external electrode and the film

‘@léctrode can be spaced from each other by a hollow space
foriied therebetween, or an insulating glass layer may
partially be interposed between the external electrode and

the film electrode.



body and spaced from each other by the ceramic material, the internal

el ectrodes extyppog/m@sd n parallel wth each other, the internalpcalgeshedss
having their individual |ead-out electrodes extending therefromto their
end surfaces exposed in the side surface;” WOOQO 33334

PCT1JP99106805 an external electrode

5
mounted on the ceramc. b o) C fi to e rp ri
circuit; a ?]pr rﬁnec?(%g%% od"ebocé)%g%’e % ’%%ﬁélgrén%k%og&c rio%e, t he
filmelectro ' | ; | fagse i;ng the end
surfaces of t %ﬁ%\%%ﬁ%?ﬁ%ﬁgu@%ﬁeﬁﬁs I'n %%Qmw%én}y%%é%jéydi rectly

connected to fherdfade Ml @IELAIRISLectrode. At | east, the filmel enent
partially fuses by a heat caused due to an abnormal current flow ng

t heret hrough from trheciaxtenbodiniract rnode dxtarmEs telad tifodmeamd  the
internal electrodes to break the abnormal current fromflowng to the
particul ar i nfilhnaéletexddeadere located at spaced positions on the outer
surface, and a connecting electrode is deposited on the
outer surface between the spaced positions and connecting
the external electrode with the film electrode.
Alternatively, the external electrode and the £ilm
electrode are partially but slightly overlapped to each
other. The film electrode is covered with a protective
glass layer. The protective glass layer has a melting
point lower than that of the film electrode but is higher
than a soldering temperature for soldering the external
electrode to the external circuit.
In the stacked-type electronic device of this
invention as described above, the side surfaces, the set of
. .internal electrodes, the lead-out electrodes, the external
electrode and the film electrode are a first side surface,
a first set of internal electrode, first lead-out
electrodes, a first external electrode, and a first £ilm
eleétrode, respectively. The device may further comprise a
1« second set of internal electrodes disposed in the ceramic
body having their individual second lead-ocut electrodes
;.gﬁith their ends exposed in the outer surface af positions
spaced from the first lead-out electrodes and the first
5:"fexternal electrode, and a secbnd external electrode formed

on the ceramic body and spaced from the first lead-out



In an aspect, the filmelectrode conprises netallic material having a

mel ti ng point an that of the internal el ectrodes.
: r}t&pﬁssﬁf' %frrtsgéo%gos

enbodi nent el ectrode has a thickness of 0.5-50 nicrB

([err]m. Each of the |lead-out electrodeg has a width of 50-800
mcroneters ( [err]m. In an exanple, it can nmake use of netals or
alloys selected froma group of Ag, Pd, Cu, Ni, Sn, Zn, Bi, Pb and Cd for
the netal lic abeetiodesfandicthe |firgtemxhernal eleatroglepr ePutr the

enbodi ment, the filmelectrode is a baked fil mfornmed by an el ectrode
nmetal paste beeeendoexterndh gircisefes aecdesiFicsdd v gesgected to

Preferably, the electrode netal. paste.is.a tallic powder paste
conpri sing el ?r%ﬁ%°ﬂ§t%ﬁ?i?£i %%u?%fégiﬁaﬁseﬁns5FWEﬁ¥Lsuspending t he

powder therein. MD ef erabl.y, .the .nmetal I.i e further
WO 00133334 The sté&éj& et:ype télﬁctr%%lc c@v&&% %?HE%%E

6 comprises a second film electrode connected to the second

external electrode. The second film electrode is deposited
on the outer surface and overlying the ends of the
individual second lead-out electrodes in common to be
directly connected to the second lead-out electrodes. At

' lest the second film electrode may partially fuse by a heat
caused due to an abnormal current flowing therethrough from

~ the second external electrode to a particular one of the
Sédond set of internal electrodes to break the abnormal
éurrent from flowing to the particular one of the second
set of internal electrode.

The ocuter surface may comprise the first side surface
and two opposite end surfaces at opposite ends of the first
side surface, and the first and second external electrodes
are formed on the first and second end surfaces.

The second lead-out electrodes are exposed in the
first side surface. A distance between the second lead-out
éléctrodés'and the second external electrode is same as
lgﬁéfher distance between the first lead-out electrodes and
the first external electrode.

R Alternatively, the outer surface further comprises a
ggéénd side surface disposed opposite to the first side
Ltigaiface and between the first and second end surfaces. The

second lead-out electrodes are exposed in the second side



contains at |east one selected fromglass formng elenents of [err]

Al ternativel ctrode netal paste is an netall o-organi @S
past which cz#%%ﬂggébfesinaté of rmetall o-organic conpound/orggﬁgﬁgggw T
conpound and organic solvent resolving the resinate therein. The reginate
of the metall o-organi c conpound/ organonetallic conpound is one conprises
the netal |l o-organi c conpound/ organonetallic conpound and resin mxed to
the the net@&drfagegani ¢ conpound/ or ganonetal | i ¢ conpound. The

met al | o- organi ¢ conpound preferably contains at,Z |east one of glass formng
el enents of Si, Al a3, a firstTppdopesacond Y Fadime ad@Ftirodes i xed

Compound pasPhiBE FLARTFAh St MR J08 F1795 Ti6ls SFATRA o
that the metallic npowder te further, cqntains . at_ | east .qne.sel.ected from
gl ass form nj’Pa%ﬁ‘?B W'cs{:ooféaa[%z’r r%]t.her[ ??‘ ﬂ ag:n@qisérscrj]&losr Oﬁ%eo sr%eq{éaltloo-tglregani C
conpound may i %E?& : ] N Si, A, and
B. ] née\li%geéﬁb% | %1% 0 tn%%éggnc%e]%ﬁscﬁgﬁe%'e%egém C R'}elgf'ce accordi ng
to this invention; AN@.@%ANdr ¢heClktadked-type electronic device

according to this invention is a stacked-type capacitor
wherein each of the first set of internal electrodes and
each of the second set of internal electrodes are
alternatively disposed in the ceramic body.

‘ Another example of the stacked-type electronic device
according to this invention is a stacked-type piezoelectric
ceramic actuator wherein each of the first set of internal
electrodes and each of the second set of internal
electrodes are alternatively disposed in the ceramic body,

and the ceramic body is polarized in a stacked direction

between adjacent electrodes.

Brief Description of Drawings

Fig. 1 is a perspective view illustrating a
conﬁection of an internal electrode ana a film electrode
for describing the fuse function thereof in a stacked-type
ceramic capacitor of this invention;

Fig. 2 is a perspective view of a stacked-type

7. tapacitor according to an embodiment of this invention;

Fig. 3 is a perspective view of a ceramic body with

internal electrodes in the capacitor of Fig. 2 but in a

Pre-assembled condition for illustrating an internal



overlaps the filmelectrode. The external electrode and the filmelectrode
can be nmade of the sane material. Alternatively, the externa

el ectrode andWH¥/PB¥m el ectrode can be spaced from each ot hePCRYP¥/AGAS| ow
space forned therebetween, or an insulating glass |ayer may partially be

I nt er posed between the external electrode and the filmelectrode.
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7 | $enethdes ; enbodi nent, the external electrode is formed at a
position on the outer surface generally different fromthe film

el ect r ode. Filgw thesrbedinspectivie vérwepfialthel eerrude brdyvt b
filmelectrode are | ocated at spaced positions on the outer surface, and
a connecti ng Blect¥ AR ass ted on the outer surface between the
spaced positions and connecting the external electrode with the film

el ectrode. Fig+ &t it iy QOFSPeRELYR: ¥ARY| of| acPrddEigddorRe Ofi ithe

stacked-type capacitor of Fig. 2;

" Fig. 6 is a graph showing test data of breakdown
current to width of a lead-out electrode of an internal
electrode connected to a f£ilm electrode for fuse in the
stacked-type capacitor of Fig. 2;

Fig. 7 is.a g:aph showing test data of breakdown time
“to breakdown current; |

Fig. 8 is a perspective view of a stacked-type

"cdapacitor according t another embodiment;
Fig. 9 is a perspective view of a ceramic body in the
“Btdcked-type capacitor of Fig. 8, which is similar to Fig.
3;

Figs. 1l0A-10E shows different steps for forming an
external electrode on the ceramic body having the film
electreode;

Fig. 11 is a partially cross-sectional view of the
‘stacked-type ceramic capacitor with the external electrodes

as formed by the steps of Figs. 10A-10E;
' Fig. 12 is a perspective view of a stacked type
capacitor according to another embodiment;
""" Pig. 13 is a sectional view taken a line XIII-XIII in
!?§2§.'12;
Fig. 14 is a perspective of a ceramic body in the

capacitor of Figs. 12 and 13, which is similar to Fig. 3;



el ectrode are partially but slightly overl apped to each other. The film
el ectrode is GRvVRESHsWM th a protective gl ass layer. The pro;,egm,%ﬁosgdsass
e but Is

| ayer has a nelting point lower than that of the filmelectro
hi gher than a soldering tenperature fotlsol dering the externa
el ectrode to the external circuit. In the stacked-type electronic

device of this I nvention as descri bed above, t2§ i de surtacgf, t he set
of internal el efi@odd® 1St RePPESBSGHLVE ¥iLYoQ F%Fh€%£ﬁﬂ%Q1 cdy as

el ectrode and the f.il | ect.r.ode .gre a first side surface, a first set
of internal @rséa&m}t%{,n%qné 4 ac}fadut el ectrodes, a first external

el ectrode, and a fiJ. (A | r ctd . '

further conprise aErﬁJt'selcslor?g ?e?e%%blg%ggyﬁaﬁie%et&f\r/(;gd)e&sesgusapﬁ%?eéd%%nr%%"/le

ceranic  bady iguinGidiidodd Hotl ddariaeMitd eAdHite Y8t tyedd th

their ends exposed In the outer surface at positions spaced fromthe
first | ead- oyyslB@idadas Arbddaddsi;r st external el ectrode, and a second

external el ectrode forned on the ceram c body and spaced fromthe first
| ead- out © Fig. 17 is a sectional view of a stacked-type
capacitor according to another embodiment;
Fig. 18 is a perspective of a ceramic body in the
capacitor of Fig. 17, which is similar to Fig. 3;
_ Fig. 19 is a perspective view of the ceramic body as
‘assembled from Fig. 18;
Fig. 20 is a sectional view of a modified capacitor
of the capacitor of Fig. 17;
Fig. 21 is a perspective view of a stacked type
capacitor according to another embodiment;
Fig. 22 is a perspective of a ceramic body in the
capacitor of Fig. 21, which is similar to Fig. 3;
Fig. 23 is a perspective view of the ceramic body as
assembled from Fig. 22;
Fig. 24 is a perspective view of a modified shape of
the first internal electrode in Fig. 22;
Fig. 25 is a perspective view of a stacked type
~;capacitor according to another embodiment;
@t lisw Fig. 26 is a perspective of a ceramic body in the
lgﬁiagitor of Fig. 25, which is similar to Fig. 3;
“r 5z - Fig. 27 is a perspective view of the ceramic body as
i ésé_embled from Fig. 26; and

Fig. 28 shows frequency to impedance characteristics
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8 el ectrodes and the first external electrode. But the sec I

el ectrodes af%ogpgﬁ??ically connected to the second set of iﬁ?@%ﬁé&&h@?

el ectrodes in common. The stacked-ytgype el ectroni c device may further
conprises a second filmelectrode connected to the second external

el ectrode. The second filmelectrode is deposited on the outer surface and
over|yi ng thefeite ctacked-typevcdpaciteronf Figd- 84t 2BAcEig80dé8 #R conmon
to be directly connected to the second | ead- out electnodes.,gL | est the
second fil m elcapamdennwithapt kaprp st36kegd kVRearaPaghied ¥i PBta%use
abnormal current flow ng therethrough from the second external electrode
to a particulfana3d®fof the second set of internal electrodes to break the
abnormal current fromflowing to the particular one of the second set of

I nternal el ectrode. The outer surface may conprise the first side

surface and two oppQ i&Sggn§°§usgg§§§?ﬁgfggpgﬁgtQ chegigh the first side

surface, and the f st and secon el ectrodes
' Referring to Fig. 1, the fuse function of the

stacked-type ceramic electronic device of this invention
will at first be described. As shown in the figure, an
internal electrode 30 has a lead-out electrode 30a
extending therefrom to a side of a ceramic body which is
not shown but will later be described. An end surface of
the lead-out electrode 30a, which is shown by a dotted
region, is brought into contact with and connected to a
gurface of a film electrode 40, as shown in an imaginary
line. A portion of the film electrode 40 connected to the
Téad-out electrode 30a is shown at 40a.

When an abnormal current flows through the connection
between the lead-ocut electrode 30a and the connected
portion 40a, the connected portion 40a is melted so that
the connection between the internal electrode 30 and film
eieqtrode 40 is broken down. Thus, the abnormal current is
bxoken.

A current for melting or breaking down the connected
§3§£ion 40a of the film electrode 40, which current will be

referred to as “breakdown current”, is determined by the

[24]

'fﬁfafh'of the lead-out electrode 30a, material thickness of
the film electrode 40. These are selected appropriately in

dépendence on a value of the abnormal current to be broken,



are fornmed on the first and second end surfaces. The second | ead- out
el ectrodes are exposed in the first side surface. A distance e
second | ead- oY@ 983P¥2t r odes and the second external el ectrode Pg*égﬁﬁmgg
anot her distance between the first | ead-oyg el ectrodes and the first
external el ectrode. Al ternatively, the outer surface further
conprises a second side surface disposed opposite to the first side
surface and bedkiren itheirto stormidlezaddmh divets ifeadaternal aelaekrPde AR out
el ectrodes are exposed in the second side WO 00/ 33334 .

PCT/ JP99/ 0680Es usually designed to have a thigknagg foafce‘l_-.? mcroq_%il:?%r, a

first and a second dummy film el ectrodes y Jbe .di sposed an the sec and
the first side surfEReFidghHhQE e c]'e@z?c’f?“gtaﬁé're%ﬁﬁf &5t (ﬁﬁeéﬁfp%%rﬂfe

xampl ¢ of t ROHOS STl FontE advina1 15tk S0V micronetlie,

electrical connection of the internal electrode with an

ekternal electrode cannot be sufficiently established. If
it is larger than 800 micrometers, there is a problem that
the abnormal current may not be broken.

The thickness of the film electrode 40 is preferably
0.5~-50 micrometers. If it is larger than 50 micrometers,
‘the breakdown current becomes high, for example, 10 amperes
or more. If it is lower than 0.5 micrometers, it is

.difficult to select a comparatively high value of the
- - breakdown current. Further, the capacitor resultantly has
.+an equivalent series resistance (ERR) increased. |
P In order to obtain the ESR value, for example,
several milli-ochms (m{}) to 100 milli-ohms which is
generally equal to that in a known stacked-type ceramic
capacitor having no fuse element, the width of the lead-out
electrode 30a and thickness of the film electrode 40 are
- preferably selected 300-800 micrometers and 2-50
micrometers. On the other hand, in order to obtain the
‘higher ESR value such as 100 milli-ohms to 1 ohm, the width
». of - the lead-out electrode 30a and thickness of the film
electrode 40 are preferably selected 100-300 micrometers
and 0.5-2 micrometers.
e The thickness of the film electrode 40 can readily be

controlled by use of a method for forming an electrode by



according to this invention is a stacked-type capacitor wherein each of

the first set_of rnal el ectrodes and each of the second f
. , . : %‘“ctr 9/06805
i nt er nal elec%?8ﬂ%£ﬁ alternatively disposed in the ceranm c é@&.

Anot her exanpl e of the stackéd-type el ectyrgpni ¢ device according to this
invention is a stacked-type piezoelectric ceramc actuator wherein each of
the first set of internal electrodes and each of the second set of
internal el eclatdses aametalidcneowderypastgosed therhbaképgnibepsastedand
the ceramic body is polarized in a stacked direction between adjacent

el ectrodes. paste. Brief Description of EXamAngs Fig. 1is a
perspective view illustratin

filmelectrode foﬁ°@@§@Fva%gth§82§§§L% g%%ﬁ Fﬂgr #ﬂgésg% ggagnd o
o B U e, B o 85, 50
Flg. 37s 2 RYRRSE VA oY %%%ame%ewwypwca.

Usually, the internal electrode 30 is made of Ni, Ni-
alloy, Pd, or Ag-Pd alloy. The internal electrode is
formed by screen printing as described above. The
thickness of the internal electrode after the ceramic body
is baked is usually 1-2 micrometers. The film electrode 40
‘can be made of Ag, Pd, Cu, Ni, Sn, Zzn, B, Pb or Cd, or
alloy of metals selected therefrom.

When 'Ag-Pd alloy is used for the internal electrode

' 30, Ag powder paste is preferably coated and baked to form
the film electrode 40. When 70% Ag- 30% Pd (by weight) is
used for the internal electrode 40, 80% Ag-20% Pd is used
for the film electrode 40. On the other hand, when Ni, Ni-
alloy, or Pd is used for the internal electrode 30, Cu
powder paste may be coated and baked to form the film
‘electrode 40. Thus, the film electrode 40 has a melting
point lower than that of the internal electrode 30, so that
the film electrode is melted prior to the internal
“al8ctrode when the abnormal current flows.
“c»"  Referring to Figé. 2-4, description will be made as
*£8"a stacked-type ceramic capacitor according to an

embodiment. As shown in Fig. 2, the capacitor comprises a

e
L

‘céramic body 50 of a rectangular shape which has first and

second side surfaces 50A and 50B opposite to each other and



internal electrodes in the capacitor of Fig. 2 but in a pre-assenbled

condition for, | rating an internal WO 00/ 33334
ST/ 1051 0650KD AR 10 structure; TETIFOESES 4

is a perspective view of the ceram c bodysf Fig. 3 as assenbl ed;
Fig. 5is a perspective view of a nodified one of the stacked-type
capacitor of Fig. 2; Fig. 6 is a graph show ng.test data of
breakdown coppestiteoenddyhfdrsy mraddsegend| fddmogdestradesnddingnd 402
el ectrode connected to a filmelectrode for fuse in the stacked-type
capaci tor of dppgsiged on therfirst and,sgrapA SAGR Syrfasesizl2 pd 50B,
breakdown tine to breikdomn cg[re 8 is.a ezi%ectiv I ew

- B g.
of a stacked*P§FBEtLYR ¥t 8Pda &BFg}ﬁﬁdt§3ﬁ8Pﬁ%gx§ﬁ585ﬂ odes 891, ¢
'S a perSpec%h&?sﬁbegéggsgtgargﬂl%hgogﬁpbgikgeends of the ceramic body

50. The first and second f£ilm electrodes 401 and 402 are
partially overlapped and connected with the first and
second external electrodes 601 and 602. The capacitor has
a size of, for example, 3.2mmX1.6mmX1.6mm to 5.'7mm><5.0mt;t
X5.0mm.

Referring to Fig. 3, a plurality of ceramic green
sheets 521-52n (521-524 are only shown) are prepared with
£irst internal electrodes 30 (301 and 302 are only shown)
and second internal electrodes 32 (321 and 322 are only
shown) , respectively,

Dielectric powder of a comélex perovskite compoﬁnd
powder is mixed with binder materials in an organic solvent
to form ceramic slurry, and ceramic green sheets are formed
therefrom by use of the doctor blade method. Each of the
ceramic green sheets has a thickness of 30 micrcmeters and
has a rectangular shape. Each of green sheets is formed by
has a rectangular shape and a thickness of 30 micrometers.
The first and second internal electrodes 30 and 32 are
formed on the ceramic green sheets, respectively, by screen
printing 70% Ag- 30% Pd paste on the ceramic green sheets.

The first and second intermal electrodes 30 and 32
have first lead-out electrodes 30a (301la and 302a are only
éhown) and second lead-out electrodes 32a (321a is only

shown) which extend to opposite sides of the green sheets.



stacked-type capacitor of Fig. 8, whichis simlar to Fig. 3; Fi gs.

| OA- 10E shows,, g f.f nt steps for formng an external electro
ceram ¢ body ng%¢ﬁ§£$he film electrode; Fig. 11 is a p§¢V$§F®§ﬁs

cross-sectional view of the stacked-typeigeram c capacitor with the
external electrodes as forned by the steps of Figs. 10A-10E; Fi g.
12 is a perspective view of a stacked type capacitor according to another
enbodi ment; Each of ghe i3ixst and dhep sgiconde hepgkonta eliegdrrrdes. B03 in
Fig. 12; Fig. 14 is_a perspective of g ceram ody in the

capaci tor of Wﬁégiza%&‘il%’,*y%ﬂ d&p Pave & Iw&rdt?‘oqgi §.°%3,’°)’l'cr°meter\ﬁ0

00/ 33334 PCI/ JP99/ 06805

11 Fig. 99 sg%?eﬁ%rséfgﬁsi \7@ JP&% S‘Pdt 408F§m°8 Hoa§7°§§‘)

assenl ed erﬂ&&iﬁb éf&st internal @f%ct*@dh% %0925%P%@Qé£eéﬁé3¥so%2? test

pi ece of an
{521 and 523 are only shown) having the second internal

electrodes 32 are alternately stacked between a top green
sheet 541 and a base green sheet 542 to form a ceramic
green body. The ceramic green body is fired, baked or
sintered to form the ceramic body 50 as shown in Fig. 4.
The ceramic body 50 has first lead-out electrodes 30a
‘éxtending from the first internal electrodes to the first
side surface 50A of the ceramic body 50 and second lead-out
electrodes 32a extending'from the second internal
electrodes to the second side surface 50B of the ceramic
body 50. Thus, the first and second lead-out electrodes
- 30a and 32a are exposed at their ends in the first and
second side surfaces 50A and 50B, respectively.

Then, the first and second external electrodes 601
and 602 are formed on first and second ends 50C and 50D
opposite to each other by coating and baking Ag paste
thereon. Each of the first and second external electrodes
601 and 602 are formed to extend from the first and second

“end surfaces 50C and 50D to the top, bottom and first and
- #g@cond side surfaces 50A and 50B, as shown in Fig. 2.
A distance from the first external electrode 601 to
© ' the first lead-out electrodes 30a is determined to be equal
to another distance from the second external electrode 602

to the second lead-out electrodes 32a.



I nternal electrode for establishing a short circuit between t wo

external elec : Fig. 17 is a sectional view of
st acked-t ype w’(f)&'}zg'f):sfﬁfcitor according to anot her enbodi nent; qwnmn@amg?%.

18 is a perspective of a ceram c body in tjhe capacitor of Fig. 17,
which is simlar to Fig. 3; Fig. 19 is a perspective view of the
ceram c body as assenbled from Fi g. 18; . Fig. 20is a
sectional view of aTheniffidstapgadiseeond fblmtﬁéec&padESoﬁobfandg4027;
Fig. 21 is a perspective view of a stacked ty capacitor according to
anot her enbod?ﬁéngormed by coafing EﬁdlgaﬁlﬁﬁréﬁeEPﬁﬁé gp fheefamst Bﬁgy

t he capaci tor

i s a perspect PFED eﬁfgg ?ﬁ%fﬁggéﬁggibﬁ?9n§bgrtgoﬁgggﬁﬂpeﬁhfrgﬁFﬁ' nég |23
Fi 24
19 s a gg%s&gg;QXS- féﬁgrgggé 554 §n3p§2gc gh&%%ai& erna

el ectrode in 'S a per W6 t acked

type Capa&b&?iaﬁcﬁﬂédfﬂﬂs%Oaﬁ&OQQSBnQWQQQEQBQ& electrodes 601 and

602, respectively. The coating is carried out by the
screen printing.

Thus, the capacitor shown in Fig. 2 is completed.

The film electrodes 401 and 402 can preferably
contain a glass forming element such as SiO,, Al,0, or B,0;
‘by. mixing the element into the metallic paste. The
. resultant film electrodes can be protected from hot solder

‘ when the first and second external electrodes of the
capacitor are soldered to an external circuit such as a
printed circuit. |
2+ In place of the paste of the metallic powder,
metallo-organic compound paste can be used for forming the

 first and second film electrodes 401 and 402. The metallo-
organic compound paste comprises metallo-organic compound
and organic solvent and resin in both of which the salt is
-resqlved. The metallo-organic compound comprises
organometallic composition and organic solvent in which the

.- composition is resolved. The metal in the orgnometallic
salt is same as that in the metallic powder paste.

{i pers - The metallo-organic compound may preferably contain
-2 at least one of glass forming elements of Si, Al, and B, so
as to protect the film electrodes from soldering.

Referring to Fig. 5, capacitor of Fig.2 is modified



Fig. 26 is a perspective of a ceram c body in the capacitor of Fig. 25,

which is simlar to Fig. 3; Fig. 27 is a perspective view o C 1 C
body as - XRMFPM fromFig. 26; and Fig. 28 sho&gkpﬁgaﬁéﬁg;

to i npedance characteristics WO 00/ 34334

PCT/ JP99/ 06805 12 of the stacked-type
capacitor of Fig. 21 and Fig. 25 in conparison wth a known stacked type
capaci t or wi bgoprotridengf ficstoand second dBmay fble ¢bectredes l03uandhe

I nventi on Referring to Fig. 1, the fuse function of the

Ztacked type406ran1theleec90d|én@eﬁi%%to$1@%|§“¥$ﬁ@ﬁ§|§9P e 59 ¢frst be
escribed. As shown in the figure, | nt ey nal rode _30 has a | ead- out

el ectrode 30§hee%?§ﬁﬂFﬁngﬁ¥rg@roﬁ??EF%t%Y%EYof é%dﬁﬁ% 41is

ol b B AL e Ol 60 o8 B 4 s Lok o
symmetry with the first and second film electrodes 401 and
402, respectively. The first and second dummy film
electrodes 403 and 404 are connected to the first and
second external electrodes 601 and 602 but to no internal
electrodes. Although the first and second dummy film
electrodes 403 and 404 are electrically meaning less, use
of the dummy electrodes makes pfoduction of the capacitor
easy because it ig not necessary to adjust an orientation
of the ceramic body 50 for forming the film electrodes 401
and 402.

Samples of the capacitor of Fig. 2 were produced
which have the fuse electrodes 40 different in thickness by
use of the Ag powder paste. The width of the lead-out
electrodes 30a and 32a were constant to be 500 micrometers.

Another samples were produced by use of the metallo-
organic compound paste for forming the electrodes 40 of a
thickness of 5 micrometers but were different in the width
of the lead-out electrodes 30a and 32a.

Another sample was also produced by use of a mixture
of the A¢ powder paste and the metallo-organic compound

“‘Saste at a rate of 1:1 for producing the film electrodes 40
having a thickness of 5 micrometer. The width of the lead-
out electrodes 30a and 32a was 500 micronmeters.

For the all samples, measurement was carried out with



region, is brought into contact wwth and connected to a surface of a film
el ectrode 40, .as E1mn in an imaginary line. A portion of the film

el ectrode 40 %%HW%W 4d to the |ead-out electrode 30a is shown PSEAEBH06805
Wien an abnormal current flows through thggconnection between the |ead-out
el ectrode 30a and the connected portion 40a, the connected portion 40a is
nelted so that the connection between the internal electrode 30 and film
el ectrode 40 rdespecikde dinen bréaksiownh euairemtnaltheu bre@kdesm Hricleen

A current for melting or breaking down the connected portion 40a of the
film el ect rodapsitamceh amd &ive BSR. bThermeasnsgdi dats apeeshdvwnin
current", is determned by the wdth of the |ead-out el ectrode 30a,
material thi @@Pdesof the fil melectrode 40. These are sel ected
appropriately in dependence on.a value of the abnormal current to be

br oken, WD 00/ 33334

PCT1JP99106805 Table £3
Samples | Material Paste Width of | Thickness| Capacitance ESR Break-
of film side of film (Rate to (Rate to | down
elec— edge |electrode | known one) | known one)
trode (um] | [pm]
Known - - - - -
1 500 0.1 unmeasurable junmeasurable| O
2 500 05 100% 400% O
3 metallic powder 500 1 100% 200% O
4 500 5 . |100% 120% O
5 500 10 100% 105% O
6 500 50 100% 100% O
R | . 500 100 100% 100% X
8 Ag 10 5 unmeasurable [unmeasurable} -
-9 50 5 [not constant {2000% O
.10 . organometaliic {100 5 100% 500% O
11 salt 500 5 100% 120% O
12 11000 - |5 100% 100% X
13 800 5 100% 105% O
14 metallic powder |500 5 100% 120% O
+ organometallic
salt

O: good X: no good

In comparison, a known stacked-type ceramic capacitor

o hafwiing no film electrode but having the same structure and

same sizes of various portions as the samples was made and

sﬁbjected to measurements. In table 1, the capacitance and

‘the ESR of those samples were shown by variation rate from
- 'the known capacitance.

Fig. 6 shows a relation between the width of the



taking it into consideration that the internal electrode 40 is usually

designed to have a thickness of 1-2 mcroneters. The width of the

| ead- out el ecMOM8B3BAa is preferably 50-800 microneters. |f iPCTAPRREPa,
than 50 microneters, electrical connecti of the internal electrode with
an external electrode cannot be sufficiently established. [If it is

| arger than 800 mcroneters, there is a problemthat the abnornmal current

may not be br out electbdfid Hogkaess the bieskdowrelanirerde 40 is
preferably .5-50 mcroneters. If it is larger than 50 mcroneters, the

br eakdown cur r ent recamnditgst resudtamilte islGemmpaheads sampierse 216, 9 i s
lower than 0.5 microneters, it is difficult to select a conparatively high
val ue of the 11 el coh 1o raaret goldgr menﬂ:@%ap&'bﬁrsfoﬁésullﬂiahﬁl y has an

equi val ent series resistance RR) increased. order to gbtain the
ESR val ue, f @rafarshls traeéx/é&@ thioknegsneL rghe rﬁ%]-“l @JﬁRFIiﬂdﬁ i4% s

Capaci tor haw <3 TARRERA R :ll”wem‘%‘%“‘d&% o Jerdin SRR 30a
and thi Ckness a(.)fazh?%éal, lbrglerlge%tor %q)% m:.crometers

Fig. 7 shows a relation between the breakdown current
and the breakdown time with respect to film electrodes 40
formed by use of 80Ag-20Pd powder paste (curve 2) and Ag-Pd
organometallic (80Ag-20Pd) salt paste (curve B),

';réspectively. From the result, it is seen that use of the
'7gﬁétallo—6rganic compound paste is preferable in the
breakdown time comparing use of the metallic powder paste.

Referring to Figs. 8 and 9, a stacked-type ceramic
‘capacitor shown therein is similar to that of the capﬁcitor
shbwn in Figs. 2-4 except that the first lead-out
electrodes 30a and second lead-out electrodes 32a are
formed on the same side surface S50A. The similar portions
are shown by the same reference numerals in Figs. 2-4 and
are not described in detail.

Although it has been described in connection with the
embodiments of Figs. 2 arid 8 that the external electrodes
60 - formed prior to formation of the film electrodes 30 and

57132, the external electrodes 60 can be formed after
= formation of the film electrodes 30 and 32.

Referring to Figs. 10A-~10E, a plurality of ceramic

bodies 50 are carried on a carrier 70 as shown in Fig. 10A

While, a working table 72 is prepared to have a layer of



preferably sel ected 300-800 mcronmeters and 2-50 m croneters. Cn t he ot her

hand, in ord t ain the higher ESR val ue such as 100 m | h 1
PR ERaP s

ohm the wd
el ectrode 40 are preferably selected 100-390 m croneters

controlled by use of a nethod for form ng an el ectrode by

e | ead-out el ectrode 30a and thickness of

and 0.5-2
m croneters. The thickness of the filmelectrode 40 can readily be

WO 00/ 33334

PCTI JP99/ 068Gthe paste 74, for example, the mgatmmﬁadg.i;p maste | ¢ powder

paste and then baki the coated paste. However,
preferabl e f(ﬁXQQﬂdﬁéz

it

IS nore

&Fs FHWPRSE s fgse fhensaf é?:ga}ﬁe; %r?po‘%ﬂf&?%‘ﬁ@ in

| ace of, to ether mnth the nmetaglli owde
!Dnt ernal el ealﬂ%e (FRPETH AN LG %'UDBaI I 3%7‘9 sgrr&FrAa Opdsa F“I°(Yfa/'ﬁ%
internal electrode is r sgreen p in cr oV
t hi ckness of BY2 i er@ﬁ1 (ré%ceict?’?/go ?rgﬁler eecsgrsgo?noc%% aﬁp paasbt elay

74, as shown in Fig. 10C. As a result, the paste 74 is

attached to cover the lower end surface and the both side

surfaces of the ceramic body 50 at the lower portion.

Thereafter, the carrier 70 is transferred to another

working table 76 which has a plane surface without no paste,

- as- shown in Fig. 10D. The ceramic bodies 50 are pushed

£
onto the plane surface of the working plate 76 and then

- moved laterally, as shown Fig. 1l0D. Thus, the paste 74 is

.- removed form the lower end surface but attached onto the

. opposite side surfaces of the ceramic body 50. at lower

portion theréof. After the paste 74 is cured, the siﬁilar

- operation is carried out for the other end of the ceramic

body 50. Thus, film electrodes 401 and 402 and dummy film

electrodes 403 and 404 are formed on the ceramic body 50.

Then, external electrodes 601 and 602 are formed on the

. opposite ends of the ceramic body, and then, baked to

;* - complete the capacitor, as shown in Fig. 11.

~.z .- Referring to Figs. 12-15, a capacitor according to

1~ another embodiment shown therein is similar to the

4¢r embodiment of Figs. 2 and 8a except that first internal

E;eléctrodes-30 and second internal electrodes 32 have two

-~ opposite lead-out electrodes 30a, 30b, 32a and 32b, and

that the film electrodes are formed together with the

external electrodes in one body. The similar parts are



I's baked is usually 1-2 mcronmeters. The filmelectrode 40 can be nade of
Ag, Pd, Cu, Ni, Sn, Zn, B, Pb or Cd, or alloy of netals selected
therefrom - WOO0033pkn Ag-Pd alloy is used for the internal el¥&d{F8Ya80%0,
Ag powder paste is preferably coated and ked to form the filmelectrode
40. When 70% Ag- 30% Pd (by weight) is used for the internal electrode 40,
80% Ag-20% Pd is used for the filmelectrode 40. On the other hand, when

N, N- all Qpowd! R denelseEefr@ncehaumdiralsabng ager ade ddsc@ibegoater
paste may be coated and baked to formthe film electrode 40. Thus, the
filmelectrodgmtdiihas a nelting point |ower than that of the internal

el ectrode 30, so that the filmelectrode is nelted prior to the internal
el ectrode when t he 2sbrder meillc showmt inl Big. 14, flrsReﬂEF?Fﬁélt&1PP§§°d?34

description will be made as to a  stacked- tzype ceram.c capacjtor
accordi ng to 3h iefirFRef R NTTSRIWEN 1’F|5§ G Rasc Ay ieﬁd ~O%ori ses a

ceram ¢ body 50 of a rectangul ar hap ch has flrst and ecQ | de
surfaces 50A ekRetrasiesa t%é‘ opposite sides 2 3l

green sheet in the vicinity of an end of the green sheet.
second internal electrodes 32 is also formed on another
green sheet 521 and has two lead-out electrodes 32a and 32b
extending to opposite sides of the green sheet in the
vicinity of an opposite end of the green sheet. A plurality
bf green sheets (only two 521 aﬁd §22 are shown) having
first internal electrodes 30 and second internal electrodes
32 are alternately stacked to form the ceramic body 50 as
shown in Fig. 15. In the embodiment, green sheets 544 and
545 having no electrodes are interposed between adjacént
ones of green sheets having internal electrodes, so as to
adjust the capacitance. However, those green sheets 544
and 545 having no electrodes can be omitted as shown in Fig.
3, if they are not necessary. Further, the top and base
plates (541 and 542 in Fig. 3) are not shown but are used.

Referring to Fig. 15, lead-out electrodes 30a and 30b
are exposed in the first and second side surfaces 50A and
50B of the ceramic body 50, réspectively, in the vicinity
&£ 'the first end 50C. Also lead-out electrodes 32a and 32b
“{¥e"axposed in the second and first side surfaces 50B and
 §6§ of the ceramic body 50, respectively, in the vicinity
of the second end 50D.

Then, first and second external electrodes 801 and 82



WO 00/ 33334 PCT/ JP99/ 06805

15 opposite_ends, first and second filmel ectrodes 401 and 402 deposited
on the first ‘le)cpog’é%?énd si de surfaces 50A and 50B, respectiveIPﬁT"H’ﬁg"‘fsp-‘r st
and second external electrodes 601 and 6Q% deposited on the opposite ends
of the ceramc body 50. The first and second film el ectrodes 401 and 402
are partially overlapped and connected with the first and second external
el ectrodes 60dranflotfdd dheperbbons oinhthe wisindtyf pff theefamplteand 2nm
XL.6mXl .6nmmto 5. 7mm X 5.0nM X 5. Omm Referring to Fig. 3, a
plurality of secomdcerdechOCsardt30B2i1respnectivelyd Byecuss 9fs%bﬁnpa§|t§
prepared with_ first internal _electrodes 30 (301 and 302 are only shown)
and second i nf@F nEPrBeing g ctilp ehkegtrndesresdessrihedspbRNR, as

povtler 8- XBROWPHE o LAt SR TFs (R FER G BEOrTEht o CoFbPRaL
e Sl Ul I 4o 8T A6 (oA o602 *PESh°s 81 8L ShT"Aneh N EhE" LOPLRY e 18
mounted on an external circuit of a printed circuit board,
the metallic powder paste used should contain the glass
forming elements such as SiO,, Al1,0,, or B,0,. While the
metallo-oxganic compound paste used should alsoc contain
such as glass forming elements Si, Al, or B.
The portions 80la and 801b of the first external
electrode 801 formed on the first and second side surfaces
- 50A and 50B of the ceramic body 50 overlie and are
connected to the lead-out electrodes 30a and 30b,
- respactively, and serve as the f£ilm electrode 40 for
breaking the abnormal current. On the other hand, the
portions 802a and 802b of the second external electrode 802
formed on the second and first side surfaces 50B and 50A of
the ceramic body 50 overlie and are connected to the lead-
out electrodes 32a and 32b, respectively, and serve as the
film electrode 40 for breaking out the abnormal current.
Referring to Fig. 16, a test piece 100 was formed for
-@pqpfirmation of fuse function of the film electrodes. The
;ﬁ;g; piece 100 comprises a ceramic green sheet 56, and an
+internal electrode 33 formed on the green sheet 56. The
-internal electrode 33 has two oppdsite lead-out electrodes
33a and 33b extending to opposite sides of the green sheet

56 in the vicinity of one end thereof and another two



ceram c green sheets has a thickness of 30 mcroneters and has a

rect angul ar shape. Each of green sheets is fornmed by has a rectanqul ar
shape and a tWPOREE34 of 30 microneters. The first and second®GHIEPQEH0S

el ectrodes 30 and 32 are fornmed on the %gaanic green sheets, respectively,
by screen printing 70% Ag- 30% Pd paste the ceram c green sheets.

The first and second internal electrodes 30 and 32 have first | ead-out

el ectrodes 33%;%%%% 3ud 43032 ai8cPPbdesSHIUNInaNd38e6R86nktiead- aot

(=]
el ectrodes 3 la is only shown) which extend to opposite sides of the
green sheets gpposi t@0sided33%4the green sheet 56 in the vicinity of the
PCT/JP99/0680?p 16 Each of the first and the
second | ead- egipodliart endethataofand 32a are adjusted to have a width of 500
m cr onet ers. The green sheets 52 (522 and 524 are only shown)
having first interThle ¢estt pbdce B00ahel grackedhtegether VSE% &nd 523 are

only shown) having the second internal __electrodes 32 are ?Iggrnately
stacked bet wedmralidy @fegyeen sheets 521 and 522 (Fig. 14 ving

first and second internal electrodes to form the ceramic
body 50 as shown in Fig. 15 but including the test piece.
Then, the external electrodes 801 and 802 are formed as
shown in Figs. 12 and 13. Thus, the two lead-out
electrodes 33a and 33b are connected to the external
;leCtrode 801, and other two lead-out electrodes 33c and
jéd:are connected to the second external electrode 802.
Therefore, the first and the second external electrodes 801
and 802 are short-circuited through the test piece 100.
This is a simulation as if adjacent ones of the first and
tﬁé second internal electrodes are short-circuited.

A DC source was connected across the external
eiectrodes 801 and 802 to flow a DC current across the
external electrodes 801 and 802. When the DC current was
increased up to 3 amperes, it rapidly became zero.
Théreafter, it was impossible to flow the current through
the capacitor. The capécitance, a dielectric loss and an

"““insulation resistance of the capacitance were measured by

o ooe Yoo
SRy

use of an LCR meter. As a result, it was confirmed that

g@ééy had normal values. This means that the current flow

" "was broken and that the internal electrode 33 of the test

‘piece 100 is separated from the connection with the

external electrodes.



sheet 541 and a base green.sheet 542 to forma ceramc green body. The
ceram c green body is fired, baked or sintered to formthe ceram c body 50
as shown i n-FWwg.0083334The ceranic body 50 has first |ead-out el 8@?%’889&58%50
extending fromthe first internal electroges to the first side surface 50A
of the ceram c body 50 and second | ead-ou S5 el ectrodes 32a extendi ng from

t he second i nternal electrodes to t he second side surface 50B of the

ceranic body 50. S Q0d PROPNY 4 easlbui ek 0sddoBEng 308 and
|n the first

32a are exposed at elr en and second side surfaces 50A

and 50B resDe&ﬁéEﬁ&f embodlmeﬂheﬁhoﬁﬁﬁtﬁéféinaﬂﬁessrgadsfmiraﬁatoethatrodes
601 and 602 are fornmed on first and second ends 50C and 50D opposite to

each other byigopigno2 pnexbest nthdy test readiheutoaleébrdded 30a ands82and
second external electrodes 601 and 602 are forned to extend fromthe first
and second eaflesaxpased SﬂChQMth@EBi@etﬂerfapesbﬁﬁﬁoan§n§0$lb@t 4npdthe
second side surfaces 50A and 50B as shown in Fig. A di stance from
the first extendasurfacesobeCesdtdoD¢ h:ee$pe§t1ve&m~ (Rhegefaredddh®0a i s

determ ned to be equal
£ilm electrodes 401 and 402 are also formed on the end

surfaces 50C and 50D, respectively. The external
electrodes 601 and 602 are formed on the film electrodes
401 and 402, respectively, but with partial hollow spaces
621 and 622 between the film electrodes and the external
electrodes 401-601 and 402 and 602, respectively. The
hollow spaces 621 and 622 are for permitting the film
electrodes to melt by the abnormal current and receiving
the melted metal. '
Referring to Fig. 20, a modification of the capacitoxr
. of Pigs. 17-19 is shown where the internal electrode 30 and
32 have opposite lead-out electrodes led out to the
opposite ends 50C and 50D of the ceramic body 50. One of
the opposite lead-out electrodes of the internal electrode
30 and one of the opposite lead-out electrodes of the
internal electrodes 32 are coated with insulators 58 on the
end surfaces 50D and 50C, respectively.
..-.. Referring to Figs. 21-23, a capacitor according to
* another embodiment shown therein is also similar to the
capacitor of Figs. 12-15, except that the lead-out
. electrodes 32a and 32b of the second internal electrode 32
are led out in the side surfaces 50A and 50B of the ceramic

body 50, respectively, at intermediate position between the



to anot her distance fromthe second external electrode 602 to the second

| ead- out el ectrodes 32a. WO @ 33334
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and second filmel ectrodes 401 and 402 are formed by coating and baki ng
Ag paste on the first and second si de surfaces 50A and 50B to overl ap
the first and second | ead-out el ectrodes 30a and 32a and to partially
overlap the fipsés s et BOEXERI BUD &3 citen casrsiflilc dutly 50 60Fhile,
respectively. e coating is carried out by the screen printing.

Thus, the capeisetfirstomtermdd eletimodp i) dtasi.no lead-out miedirode

el ectrodes 401 and 402 can preferably contain a glass form ng_ el enent

suchI as [err]but ong endxthrredfe keinmmxnoned 3 3RQ 41 iPHANQL SO LE
resultant filmelectrodes can be protected from hot_sol der : when t he
first and secthe ea¥apimIPALA? ARShavR R Flg%'a&éiq’b‘f 2% soldered to

an external ci '
CIrCUItTﬁ%"ikéEE&%l electrodes 601 and 602 are formed on the

portions of the opposite ends 50C and 50D, respectively.
Therefore, the external electrode 601 is connected to the
first intermal electrodes 30, directly, as shown in Fig. 21.
Film electrodes 401 and 402 are formed on the side surfaces
50A and 50B of the Eeramic body 50 at positions in thch
;the lead-out elédtrodes 32a and 52b are exposed. Further,
connecting electrodes 421 and 422 are alsc formed on side
‘surfaces 50A and 50B, respectively, to connect the f£ilm
electrodes 401 and 402 with the external electrode 602.

- Thus, the second inteérnal electrodes are connected to the
external electrode 602 through the film electrodes 401 and
402 and connecting electrodes 421 and 422, as shown in Fig.
21.

The connecting electrodes 421 and 422 may be made
from the same paste of, or different paste from, the film
electrodes 401 and 402.

Referring to Fig. 24, a modification of the second
“internal electrode is shown therein and has the lead-out
@lectrode 32a alone with the other lead-out electrode (32b
in Fig. 22) being not formed. Therefore, the film
_electrodes 402 and connecting electrode 422 in Fig. 21 can

"be omitted but may be provided as dummy ones.

Referring to Figs. 25-27, a capacitor is a



printed circuit. In place of the paste of the netallic powder,

nmet al | o- organi ¢ conpound paste can be used for form ng the first and
second fil m-eW@d0BdIés 401 and 402. The netall o- or gani ¢ c®EFIBAUGEEST e
conprises netall o-organi c conpound and_organi c solvent and resin in
both of which the salt is resol ved. Thé met al | o- organi ¢ conpound

conpri ses organonetal li c conposition and organi c solvent in which the
CO”pos't!on'd§d5¥EQ‘€ﬂ$n 6Eth%P%§b.'@.th?hQVQEﬂEEE§|bbﬁtionssékb Ish oW
as that in the netaﬁ I c powder paste. The netall o-organic conpound may

preferably coyf aind samelirdfd@hcenaualrglass fRenisgdsbeteateceiodes Al,

and B, so as to protect the filmelectrodes from sol deri ng.
Referring to 380 .ard 3C2pad tthe @Eirsitgadd thendidderdl interndlD dlEE33es
PCT/ JP99/ 06805 18 by providing first and

second dummy 0 lande|32c tared exptE@daic thes sddiet seinfesssl S0Al 3nd 0B o

surfaces 50B and 50A of the ceram c body 50, respectively. The first and

second the ceramic body 50 at positions intermediate between the
oppoéite ends 50C and 50D of the ceramic body 50.
Therefore, £ilm electrodes 401 and 402 are also formed on
the side surfaces 50A and 50B at the intermediate positions,
and connecting electrodes 423 and 424 are formed on the
side surfaces 50A and 50B, respectively. The connecting
électrodes 423 and 424 connects the film electrodes 401 and
402 with external electrodes 601 and 602 formed on the
opposite ends of the ceramic body 50, respectively.

Two samples (example 1 and example 2) of the
capacitors of Figs. 21-23 and Figs. 25-27 were produced.
The lead-out electrodes 30a, 30b, 32a and 32b were formed
to have a width of 400 micrometers, and the film electrodes
401 and 402 were made by coating and baking Ag powder paste
including 8i0,-B,0, glass powder to have a thickness of 5
micrometers after baked. The connecting electrodes 423 and
424 were made by coating and baking Ag powder paste.
The samples were subjected to a measurement of an

impedance-frequency characteristic. The measured result is
shown in Fig. 28. For comparison, the figure shows a
impedance-frequency characteristic of a known capacitor
.having the same size and same capacity but with no £ilm
elaectrode for fuse function.

In Fig. 28, ESR is corresponding to the impedance at



dummy filmelectrodes 403 and 404 are positioned in symretry with the
first and second fil mel ectrodes 401 and 402, respectively. The first and
second dummy WPIH333f$ ect r odes 403 and 404 are connected to t hePETFRIP/OERIH
second external electrodes 601 and 602 bg% to no internal electrodes.

Al t hough the first and second dummy fil m~ el ectrodes 403 and 404 are
electrically neaning |l ess, use of the dumy el ectrodes makes production of

the capacit Oghe€@swebeparteohts bFf thé SBsLS66E¥is0iadbUSTean art e ation
of the ceram c body 50 for formng the filmelectrodes 401 and 402.

Sanpl es of tBeefaphatkt axanplésgl @nde? eapeodding towbhid haventienfhsee

el ectrodes 40 different in thickness by use of the Ag powder paste. The
wi dt h of theEBBadubstantihdlyreduiv@bentinto3thaterf knownanepaciber500

m croneters. Anot her sanpl es were produced by use of the netall o-
or gani ¢ conpadibhopabt heoforserm 4§ shight Bthbﬂ§§r4gh%$ ghe 1aFERRess of 5
m cronmeters but were different.in the_ w dt of . the | ead-out, el ectrodes

30a and 32a. In Qe pEPodimepts described, 2hoved altheuahionly gre, e

ceramic material has béen used, it should be noted that
various ceramic materials known in the prior art can -be
used in this invention.

This invention has been described as to embodiments
for the stacked-type ceramic capacitors, but it will be
ﬁnderstood by those skilled in the art that the present
invention can be used for other stacked-type ceramic
electronic devices such as stacked-type ceramic actuators,

varistors and others.

Industrial Applicability

According to this inventién, a stacked-type
electronic device with fuse function can be obtained which
is small in size, simple in structure, easy in production,

and low in cost.



of the Ag powder paste and the netall o-organi c conpound paste at a rate
of 1:1 for producing the filmelectrodes 40 havi ng a thickness of
micrometer. TREO WP of the |ead- out el ectrodes 30a and 32a qggp%@@sos

m cronnet ers. For the all sanplesqgneasurenenL~ma§_ggL£ng_EEt W th
WD 00/ 33334

PCT1JP99/ 06805 U |’ o the
breakdown current, the breakdown tine, c;@@@@ﬁ0|tance, ,
nmeasured data are shown in Tabl e 1.

Table 1 Sanpl es Materi al Past e W dth of Thickness CapaC|tance
ESR Br eak- of film si de of film (Rate to
(Rate to down 1. A stglaked-type electroniced@ficaalmp@gmingknovm one)
‘known one) trode [[err]m [Lerr
[[err]m Known & cenamic body of a ceramic matgpial hyving an outer
unmeasur abl e unneasurable O 2 500 0.5
100% 40%8gface 1nleglng agslde surface; 500 1

0, 0,
iggﬁ iggﬁ a set ?f 1nte%pal electroges dﬁéﬁoggﬁggéogggd cisgmic
18832 ig@%%y and exé?ndangGin parallel with and spacgggfrom %86h
100% 199ﬁg ?i& ceramﬁc matefﬂal, said internallglectroaes
unnmeasur abl e unnmeasur abl e -

having their individual lead-out electrodes extending
therefrom to respective ends exposed in said side surface;
: an external electrode mounted on said ceramic body
for connecting to an external electric circuit;

a film electrode connected to said external electrode,
said £ilm electrode being deposited on said side surface
and overlying the end surfaces of said individual leaa-out
electrodes in common to be directly connected to said lead-
out electrodes.

2. A stacked-type electronic device as claimed in
claim 1, wherein said film electrode comprises metallic
material having a melting point lower than :that of said
internal electrodes.

3. A stacked-type electronic device as claimed in
claim 1 or 2, wherein said film electrode has a thickness
of 0.5-50 micrometer (um).

4. A stacked-type electronic device as claimed in

"any one of claims 1-3, wherein each of said lead-out
elactrodes has a width of 50-800 micrometer (um).

5. A stacked-type electronic device as claimed in



*

9 _ “!I,"”"I" Uw”“"‘ not constant 2000% 0 10
or ganonet al | |\$g@é9%34 c e LY ) 500% 0 PC%%JP%/O&SOS

sal t 0% 120% 0

1000 5 100% 100% 3 13

800 5 100% 105% O 14 metallic
powder 500 5 100% 120% o] +
organonetaHiéhy one of claims 1-4 whe¥eliln said metallic material is at

0: good x: no dgood In conparison, a known stacked-type ceramc
capaci tor Teast o dallentesl dixtomode girpuphad Bgy t Rel, Sarve Nbt,r $ex,urdn and
sanme sizes of various portions as the sanples was nade and subj ected to
measurenents.BiJranddde 1, the capacitance and t he ESR of those

sanpl es were shown by variation rate from the known capacitance., .
Fig. 6 shows a rel £ii oA 5kagked-tyRe §teFhropicngevice as $Bpd3in,

PCT/ JP99106805 \ . . |.ead- oui el ectrode 30a
and t he breal@PE Fraiws 1-5, whezein sgdd éﬁ-“} @sltﬁ'%rq e &8 sae@?qieﬁgt

sanples 2-6, églm formed by an electrode metal paste is coated on said
side surface and is then baked.

7. A stacked-type electronic device as claimed in
claim 6, wherein said electrode metal paste is a metallic
powder paste comprising electrode metallic powder and a
Garrier solvent suspending said powder therein.

8. A stacked-type electronic device as claimed in
claim 7, wherein said metallic powder paste further
contains at least one selected from glass forming elements
of ‘Si0,, Al,0; and B,0;. |
' 9. A stacked-type electronic device as claimed in
claim 6, wherein said electrode metal paste is an metallo-
IEréénic compound paste which comprises resinate of metallo-
organic compound/organometallic compound and organic
solvent resolving the resinate therein, said resinate of
tne metallo-organic compound/organometallic compound
comprises the metallo-organic compound/organometallic
-Eaﬁbound and resin added to the metallo-organic
compound/organometallic compound.

f %' 10, A stacked-type electronic device as claimed in
claim 9, wherein said metallo-organic compound[organometal—
lic compound contains at least one of glass forming

elements of 8i, Al, and B.



11, 13 and 14 have gooqlﬂm‘mﬂg“mmnﬂmrefore, it is preferable that the
t hi ckness of fd I 0.5-50 mcroneters whil '
of | ead- out ewgﬁqofjglégep acand 3%a sbhefng 50-800 m croneters. q:éﬂﬁw\gioggo??
shows a relation between the breakdown cumient and t he breakdown tine
with respect to filmelectrodes 40 formed by use of 80Ag-20Pd powder
paste (curve A) and Ag-Pd organonetal lic (80Ag-20Pd) salt paste (curve
B), respectivel y.1¥Fr ol sitackesiritypei eliectoniq devigse ag qlpdimed in

met al | o-organi ¢ conpound paste is preferable in the breakdown ti pe
conparing useckdim [2: fthenein smidicalentrede metalligiRRastfgleo2FRy¥eds and
9, a stacked-type ceramc acitor s Imlar to that of

ca own. therei,n is_s
t Ihe capgci t orPAsStR LG FIRRTLISLH %)&%g?ﬂ']h%tp?“%ef i PRF TP 20T
t 30 d | ead-out . A
et s Sog o sccont) ot Ssliod S g2a aten Lo sare

res € Ssane rererence

s in Fi - ' ' ' ‘g Alth h
' has been AOMTERPIL, pELE ML LRER pATder RRELS Compriping N D and 8

that the extelf\ale £L&EI4OECFIic powder and a carrier solvent suspending

said powder therein, and said metallo-organic compound
paste comprising resinate of metallo-organic
compound/organometallic compound and organic solvent
resolving the resinate therein, said resinate of tne
‘metallo-organic compound/organometallic compound comprises
the metallo-organic compound/organometallic compound and
resin added to the métallo—oréanic compound/organometallic
compound. |

12. A stacked-type electronic device as claimed in
claim 11, wherein said metallic powder paste further
contains at least one selected from glass forming elements
of Si0O,, Al,0, and B,0;.

13. A stacked-type electronic device as claimed in
claim 11, wherein said metallo-organic compound contains at
least one of glass forming elements of Si, Al, and B.

e 14. A stacked-type electronic device as claimed in
'any-one of claims 1-13, wherein said external electrode
+ ovérlaps said film electrode.
G0 15, A stacked-type electronic device as claimed in
claim 14, wherein said external electrode and said film
electrode are made of the same material.

16. A stacked-type electronic device as claimed in



60 formed prior to fornﬂ"mgm:'wllm“mm el ectrodes 30 and 32, the

external ele 0 ter formati on of the f|

el ectrodes 38’&'@%?@3? LRefersirg to Figs. 10A-I0E, a Pl?é‘”?@“ﬁ

ceram c bodi es 50 are carried on a carr%] 70 as shown in F|g 10A
ave

While, a working table 72 is prepared to a layer of WO

00/ 33334 PCT/ JP99/ 06805

21 the pAstit 14, Whereianshed theepnginelutairbde past said fedtended on
an upper surface thereof by use of a squeezing bl ade 76, as shown in
Fig. |0B. Thelesmtrcgie ke spageddfrom eacpughhenebynéshgﬂ-lpnespepsm c

bodi es 50 onto the paste | ayer 74, as shown in Fig. 10C. As a result,
the paste 74 fioymed thersbei®#eed-cover the | ower end surface and the both

si de surfaces of t he cer body 50 at the | ortio

Thereafter, the catri-er®78t §§)c?<§ %r?%%c??%t Y"C a%\o?%ﬁ'@e‘?ab‘l‘e 76

which h | f h h
Cor an ¢ bodi LR I, FESH, uthad?cBAREeg anlineigWinG glads, davee"

plate 76 andﬂgyﬁlally interposed between said external electrode and
said film electrode.

: 18. A stacked-type electronic device as claimed in
any ocne of claims 1-13, wherein said external electrode is
formed at a position on said outer surface generally
‘different from said film electrode.

19. A stacked-type electronic device as claimed in
‘claim 18, wherein said éxtéernal electrode and said film
electrode are located at spaced positions on said outer
sﬁfface, and a connecting electrode is deposited on séid
outer surface between said spaced positions and connecting
said external electrode with said film electrode.

20. A stacked-type electronic device as claimed in
claim 18, wherein said external electrode and said film
electrode are partially but slightly overlapped to each
other.

21. A stacked-type electronic device as claimed in
‘claim 20, wherein said film electrode is covered with a
protective glass layer, said protective glass layer has a

" ‘melting point lower thar that of said film electrode but is
fﬁi&iéf'thah a soldering temperature for scldering said
external electrode to said external circuit.

22. A stacked-type electronic device as claimed in



noved |l aterally, as sho , the paste 74 is renoved form
the I ower end surface b 1 the opposite side surfaces of
the ceram c BYA9Y/EI3M ot n thereof. After the pHsY/EP97R6§0§

cured, the simlar operatlon |s carrled out for the other end of the
ceranic body 50. Thus, filmelectrodes 401 and 402 and dumy film
el ectrodes 403 and 404 are fornmed on the ceram ¢ body 50. Then,

external el es&gogsa 88lc a.d;mﬁoz age Lgiaeglaa tieracesOPRAsHt @c@N@E Of the
ceram ¢ body, t hen, ake to conplete the capaC|tor as shown in Fig.

11. ;RebenbiNg1betkbass , 18218, 18a6apati bObcReoAREi B it extatalaler
enbodi nent shown therein is simlar to the enbodinent of Figs. 2 and 8a
except that glegtrodkbecand sadbefilmdeiedfradd bedagdai fiiestalsideect rodes 32

have two opposite |ead-out el ectrodes 30a, 30b, 32a and 32b, and t hat
the fil m el esurfides,apcfivstredetogét inkternah ehectrodetemnfirstedeaddes in
one body. The simlar parts are WO 00/ 33334

PCT/ JP99/ 06808t electrodes, a first external electrode, and a first
film electrode, respectively, which further comprises a
second set of internal electrodes disposed in said ceramic
body, said second internal electrodes having their
individual second lead-out electrodes with extended ends
exposed in said outer surface at positions spaced from said
}irst lead-out electrodes and said first external electrode,
and a second external electrode formed on said ceramic body
and spaced from said first lead-out electrodes and said
first external electrode but electrically connected to said
second set of internal electrodes in common.

23. A stacked-type electronic device as claimed
claim 22, which further comprises a second film electrode
connected to said second external electrode, said second
£ilm electrode being deposited on said outer surface and
overlying the end surfaces of said individual second lead-

" out electrodes in common to be directly connected to said
second lead-out electrodes.
| 24. A stacked-type electronic device as claimed in
“claim 23, wherein said outer surface comprises said first
side surface and two opposite end surfaces at opposite ends
*of said first side surface, and said first and second |
 ‘external electrodes are formed on said first and second end

surfaces,



22 shown by sane ref ﬂu'ﬁ '“ '] nd are not described in detail.

As is well w #33{ mwmﬁ nnal el ectrodes 30 is formed on
green sheet Y as twd | éadt ot *el ectrodes 30a and 30b é%?éﬁﬂ?ﬁﬁ“ﬁo
opposite sides of the green sheet in thg,vicinity of an end of the green
sheet. second internal electrodes 32 is also forned on another green
sheet 521 and has two | ead-out el ectrodes 32a and 32b extending to
opposite sides of 28e @t eracieettype kllectronie Qevilceansoppadined and of
the green sheet. A plurality of green sheets (only two 521 and 522 are
shown) havi nglainr 24, vieerain sdiedtsechnd Jeadrbvemircimdenare| ect r odes
32 are alternately stacked to formthe ceramc body 50 as shown in Fig.
15. In the ef¥BEsAdNin ﬁ?é@nf%%%t%l@ﬂ@%feﬁc%45a’|%\ﬁ isernseReBRN ar e

I nt er posed bet yween ad cent . ones of green sheets having interpnal
el ect r odes, V\§ S?8° dFeRE-o%e L8R ‘? ‘ilo%%vg se ‘Pfl%ee’@'f%%‘?ﬁ%heets

S S n%%*@rédesl%%%z%“ﬁ Shdp SRt Bothlll L red 1
lead-out electrodes and said first external electrode.

26. A stacked-type electronic devide.as claimed in
claim 24, wherein said outer surface further comprises a
second side surface disposed opposite to said first side
surface and between said first and second end surfaces, and
gaid second lead-out electrodes are exposed in said second

' side surface.

27. A stacked-type electronic device as claimed in
claim 26, which further comprises a first and a second
dummy £ilm electrodes diéposed on said second and said
first side surfaces opposite to each other and at positions

- opposite to said first and said second film electrcdes,
respectively.

28. A stacked-type electronic device as claimed in
dny one of claims 22-27, which is a stacked-type capacitor

- wherein each of said first set of internal electrodes and
each of said second set of internal electrodes are
-~ altérnatively disposed in said ceramic body.
"-29. A stacked-type electronic device as claimed in
& -“any one of claims 22-27, which is a stacked-type
piezoelectric ceramic actuator wherein each of said first
set of internal electrodes and each of said second set of

internal electrodes are alternatively disposed in said



pl ates (541 and 542 in Fi 3) are nof shown but are used. Ref erring
to Fig. 15, |ead-out el jﬁ"ﬁ(m]ﬂlﬂ" 30b are exposed in the first and
second si de SWPM8BE3450 ﬂ“fﬁﬂ” ceram ¢ body 50, respBETADW0§805| n
the vicinity of the fir'st “end 90C$ AFso_]| ead-out el ectrodes 32a and 32b
are exposed in the second and first side 3Vrfaces 50B and 50A of the
ceram ¢ body 50, respectively, in the vicinity of the second end 50D.

Then, first t I aYals €108 rizaf0 i3P/33334

PCT/ JP99/ 0688%}&&%0%&(' Ul sl Ceh e %Eg %Ztljrlea florér%)d on portions

in the vicinidpadied 38 rfectibnabé twettC ol aviedi: ACarbde), respectively,
by use of the paste for formng the filmelectrodes as descri bed above,

as shown in Fig. 12 and 13. In order to protect the external el ectrode
801 and 802 from sol deri ng when the capacitor is nount ed on an external
circuit of a printed circuit board, the netallic powder paste used should

contain the gl ass



o _ AUV YV ) v
form ng ‘el ements such as [err]. Wile the nmet al | o- or gani ¢ coggs

used shoul d al xeﬂht ain SURID BEsLHcass PREPERTYIOgcANIBMeRt S Si, Aggs
The portjons 80larand 801b of the fi PSP*@RWFNRal el ectrode 80
t he firSINFHRNABONAD APPUICATION PUBLISHEROUNRER THER ATENTICOQRERAHION TRBATYO(PCT)

over | e an COMGRLEH7T 0 The Tead} el ect S0 nd 30D,

respe ﬁ)-z\i}“éﬁqm?i&glrﬁtest%e as the film e:*lﬁ :@ﬁgn e mﬁ'ﬁm¥ g"(rgﬁcah%'?@g eI’r'ng t heWO 00/33334
abnorjral B . on the other hand, 2(43) TRGhdtoNBubREda parkd 802ty rfe 2600€08.06.00)
secon | el ectrode—-802—Fo+rHrd—-bAthe-second—and—+irst—side—

surfap : iR fNumbde1€  C Ep@TTbo8/0dR0M7H Agebtd SGATOSY kel et AN, FheCTRIM 1M T BldingD4-10,
the | a@g}ée%éﬁ?p%&g@for odes 32a and 32b, . [ espeNistishiptiashi 1-ghawe Minpterku, Fekyq 19§-0003 (JP).

fil m plytitradenstBing®atebr e akDagrba99 (B8298bNor mal current . Referring
to Fig. 16, a test piece 100 was forned fjog, .confirmati f function
Bialiskituebagt rodes.  The test piece f@énggﬁ%elﬂisggg Cgpg%"%r#g&green
. aoMkan | Nt ymambeincos.ndy 33xformed on the green sheet 56. The
i nterpal ehessvode 33 4Txembartdod E@@S)te freckebisbed el ectrodes 33a and 33b
ext enfli ng 16788Posi t e BAePIHITUAB gr eelF [sheet Wilsgengfonatrearshir@prhi ty of one
end tphereof and another two
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; (ﬂ)'“ﬂe: STACKED-TYPE ELECTRONIC DEVICE HAVING FILM ELECTRODE FOR BREAKING ABNORMAL CURRENT
{87) Abstract

A stacked-type capacitor with the
* | fyse function for breaking the abnormal
cutrent wherein internal electrodes of a
samligolaﬁty stacked in a ceramic body
are led out to an outer surface of the ce-
-zamic body through lead—out electrodes.
The lead—out ¢lectrodes have end sur-
faces exposed in the. outer surface of
the ceramic body, Film electrode for
fuse function is formed on the outer
surface to overlie the end surfaces of
[ the lead—out electrodes and to be con-
nected to the external electrode formed
on the ceramicbody. The film electrode
is made from metallic powder and/or
metallo-organic compound paste. The
paste ¢an contain powder of glass form-
ing elements.
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24 opposite | ead-out el ectrodes 33c and 33d extending to O0ORPOS] Bem%sdes
of the greenveMe®i33®6 in the vicinity of the opposite end th Ao

The test piece 100 is stacked together V@L@ a plurality of green sheets
521 and 522 (Fig. 14) having first and ‘setond internal electrodes to form
the ceramc body 50 as shown in Fig. 15 but including the test piece.
Then, the external electrodes 801 and 802 are formed as shown in Figs. 12
and 13. Thus, the two | ead-out electrodes 33a and 33b are connected to the
external electrode 801, and other two | ead-out el ectrodes 33c and 33d are
connected to the second external electrode 802. Therefore, the first and
the second external electrodes 801 and 802 are short-circuited through the
test piece 100. This is a simulation as if adjacent ones of the first and

FlG. |



the second internal electrodes are short-circuited. A DC source was
connect ed acr external electrodes 801 and 802 to flow nt
across the é@@é?%§$4electrodes 801 and 802. Wen the DC curreﬁ?¥§géﬂk&%
increased up to 3 anperes, it rapidly bg%ﬁpg zero. Thereafter, it was

| npossible to flow the current through capacitor. The capacitance, a
dielectric loss and an insulation resistance of the capacitance were
measured by use of an LCR neter. As a result, it was confirned that they
had normal values. This neans that the current flow was broken and that
the internal electrode 33 of the test piece 100vd$6g?parated fromthe
connection with the external electrqﬁsé

PCTJP99/ 06805

17-19, a capacitor according tg%
simlar to that in Fig. 2, Q
32a

ferring to Figs.
<-omn therein are al so

541




are exposed in not the side surfaces 50A and 50B but in the end surfaces
50C and 50D respectively. Therefore, the filmelectrodes 401 and 49% re
“al so formed S¥PMMB3¥d ~ surfaces 50C and 50D respectively. TRETEXP%Y %ﬁa

el ectrodes 601 and 602 are formed on th / Ll m el ectrodes 401 and 402,
respectively, but with partial holl ow spaces 621 and 622 between the film
el ectrodes and the external el ectrodes 401-601 and 402 and 602,
respectively. The hol I ow spaces 621 and 622 are for permtting the film
el ectrodes to nelt by the abnormal current and receiving the nelted

nmet al . Referring to Fig. 20, a nodification of the capacitor of
Figs. 17-19 is shown where the internal electrode 30 and 32 have opposite
| ead-out el ectrodes |led out to the opposite ends 50C and 50D of the _
ceram ¢ body 50. One of the opposite | ead-out el ectrodes of the internal
el ectrode 30 and one of the opposite | ead-out electrodes of the

internal electrodes 32 are coated with insulators 58 on the end surfaces
50D and 50C, respectively. 50C Referring to Figs. 21-23, a capacitor
according to \ 50




anot her enbodi ment shown therein is also simlar to the
except that the | ead-out
second i nt er W 008338%% r ode 32

Figs. 12-15,

capaci tor of
el ectrodes 32a and 32b of the
are led out in the side surfaceRCHFRYAMIS 508

of the ceramc body 50, respectively, at_internedi ate position between

t he WD 00/ 33334 4/18 PCT/ JP99/ 06805
26 opposite ends 50C and 50D of the ceram c body 50. Wile, the first
internal electrode 30 HFS no | ead-out el ectrode but one end thereof being
exposed at 30e in onegehd 50C of the ceram c body 50 as shown in Figs. 22
and 23. Thes exTernal el ectrodes 601 and 602 are forned on the
portions of the ofpositlk ends 50C and. 50D respectively. Therefore, the
exter nal electroq§P601 s connected to the first internal electrodes 30,

directly,
t he side surfacestd 50A

t he | ead- out elecgéode&

as showgz i ngK

g. 21. Filmelectrodes 401 and 402 are forned on
and 50B of the ceram c body 50 at positions in which
32a and 32b are exposed. Further* N

a
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connecting el ectrodes 421 and 422 are also forned on side surfaces 50A and
50B, respectively, to connect the film electrodes 401 and 402 wth the

external el eoVOO0@33802. Thus, the second internal el ectrodes REBIRIAEOE ed
to the external electrode 602 through the filmelectrodes 401 and 402 and

connecting el ectrodes 421 and 422, as shoffin Fig. 21. ~ The
connecting el ectrodes 421 and 422 may be nade fromthe sanme paste of, or
different paste from the film electrodes 401 and 402. Referring to

Fig. 24, a nodification of the second internal €682rode is shown therein
and has the |ead-out electrode 32a al one wih~the other |ead-out electrode
(32b in Fig. 22) being not fornggﬁBTher \‘SQ iLm5€ ectrodes 402 and
connecting el ectrode 422 in Fig. ca 1 ny be provided as
dummy ones. Referring to Fi gee=25y % A lis a WO

00/ 33334 60l »

iR
4
t




27 nodi fication of the Fig. 2. The simlar portions are shown by the
sanme reference nunerals. The | ead-out electrodes 30a and 32a of the first
and the secorMOi0pB&EBAal el ectrodes 30 and 32 are exposed in t RETLPHY06805
surfaces 50A and 50B of the ceramc bod%; 0, at positions internedi ate

bet ween the opposite ends 50C and 50D of tHe ceramic body 50. Therefore,
filmelectrodes 401 and 402 are also fornmed on the side surfaces 50A and
50B at the internediate positions, and connecting el ectrodes 423 and 424
are formed on the side surfaces 50A and 50B, respecigpyely. The connecting

el ectrodes 423 and 424 connects the fil M el@|ct Fpde and 402w th
external electrodes 601 and 602 forne P hp ends of the ceramc
body 50, respectively. Two sanples (exanple 1 a &)exanple 2) of the

capacitors of Figs. 21-23 and Figs. -7 regp uped. The | ead- out

el ectrodes 30a, 30b, 32a and 32b werEsf ErGﬁ t'om\Aa wi dt h of 400

m croneters, and the filmelectrodes 401 and 402 were made by coating and
baki ng Ag powder paste including [err] glass powder to have a thickness of
5 .
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m croneters after baked. The connecting el ectrodes 423 and 424 were nade
by coating and baki ng Ag powder paste. The sanpl es were subjected to
a measur emenw@90/38334 | npedance- frequency characteristic. The RGEIFPYH6805
result is shown in Fig. 28. For conpar5§q@, the figure shows a

i npedance-frequency characteristic of a known capacitor having the sane
size and sane capacity but with no film electrode for fuse function.

In Fig. 28, ESR is corresponding to the inpedance at WO 00/ 33334

PCT/ JP99/ 06805 28 the | ower portions of the
characteristic curves. It is seen that exanples 1 and 2 according to this
i nvention have ESR substantially equivalent to that of known capacitor

al though the fornmer is slightly higher than the latter. In the
enbodi ments descri bed above, although only one ceramc nmaterial has been
used, it should be noted that various ceramic materials known in the prior
art can be

602




used in this invention. This invention has been described as to
enbodi nents for the stacked-type ceram c capacitors, but it wll be
under st ood byWPH88&34killed in the art that the present i nventiCIAPEYM3M
used for other stacked-type ceramic elegtrgnic devices such as

stacked-type ceram c actuators, varisto {1Bnd ot hers. | ndustria
Applicability According to this invention, a stacked-type

el ectronic device with fuse function can be obtained which is small in
size, sinple in structure, easy in production, and |low in cost. WO
00/ 33334 PCT/ JP99/ 06805

29 1. A stacked-type el ectronic device conprising: a

ceram c body of a ceramic material having an outer
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surface including a side surface; a set of internal electrodes

di sposed in said ceramc body and extending in parallel with_and spaced
from each oWEH0/3BP4said ceranic material, said internal el ecPF&IE ﬂmﬂgving
their individual |ead-out electrodes exg;ygﬁ ng therefromto respective

ends exposed in said side surface; an external electrode nounted on
said ceram c body for connecting to an external electric circuit;
a filmelectrode connected to said external electrode, said film

el ectrode being deposited on said side surface and overlying tggafnd
surfaces of said individual |ead-out el ectrodes in comon t {}ectly
connected to said | ead- out el ectrodes. e

el ectronic device as clained in $2de
conprises netallic mat eri al t of
sai d i nternal el ectrodes.

clained in claiml or 2, ?qss of
0.5-50 mcroneter ([err]m



4. A stacked-type electronic device as clained in any one of clainms 1-3,
wherein each of said | ead-out el ectrodes has a wi dth of 50-800 mcro&reter

([err]m. WO 00/33334 st acked-type el ectronic device as cl ai nefCT/F99/0680
00/ 33334 PCT/ JP99/ 06805
30 any one of clainms 1-4 wherein sald nélalllc material is at |east one

selected froma group of Ag, Pd, Cu, N, Sn, Zn, Bi, and Cd. 6. A
stacked-type el ectroni c device as clai med in any of clainms 1-5, wherein
said filmelectrode is a baked filmfornmed by an el ectrode netal paste is
coated on said side surface and is then b ) ,508 7. A stacked-type

el ectronic device as clained in clai EQb eren n said elﬁgt ode net al
paste is a netallic powler paste -5 i c powder and
a carrier solvent suspengégp?sal igeswder tHerein., ZF£ 8. A stacked-type
el ectroni c device as cl ai
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3 )
30a 32b
.15

33¢

56
402
601~ o 01 30 32 n
N 9 622
62 Y~ 602




claim7, wherein said netallic powder paste further contains at |east one
sel ected fron18Iass formng elenents of [err] 9. A séﬂgbﬁ%;k%ﬁg
el ectronic de¥PO¥3R34clainmed in claim6, wherein said electr P3
paste is an netallo- organic conmpound pasyg which conprises resinate of
metal |l o- organi c conpound/ organonetal | ic’ conpound and organic sol vent
resolving the resinate therein, said resinate of tne netallo-organic

conpound/ organonetal | i ¢ conmpound conprises the netall o-organic
conpound/ organonetal lic conpound and resin added to the netall o-organic

conpound/ or ganonetal | i ¢ conpound. 10. A stacked-type electronic
device as clained in claim9, wherein said netall o-organic

conmpound/ organonetal - |ic conmpound contains at |east one of glass formng
el ements of Si, A, and B. W000/ 33334

PCT/ JP99/ 06805




11. A stacked-type electronic device as clainmed in claim6, wher ei n sai d
el ectrode netallic paste is a m xed paste which conprises a neta

powder paste WA®VAR34 netal | o- organi ¢ conmpound paste m xed Wit ché’?’a‘)’“sos
metallic powder paste, said metallic powder paste conprising el ectrode
netallic powder and a carrier solvent su%éﬁdl ng sai d powder therein, and
sai d netal |l o-organi ¢ conpound paste conprising resinate of

nmet al | o- or gani c conpound/ or ganonet al I i ¢ conpound and or gani ¢ sol vent
resolving the resinate therein, said resinate of tne met al | o-organi c
conpound/ organonetal I i ¢ conpound conpri ses the netal |l o-organic

conpound/ organonetal | i ¢ conpound and resin added to the netall o-organic
conpound/ or ganonetal lic conmpound. 12. A stacked-type electronic
device as clainmed in claim11l, wherein said netallic powler paste further
contains at |east one sel ected fr"rmm form ng el enents of [err]

13. A stacked-type electronic device as clained in claim1l, wherein said
met al | o- or gani ¢ conpound COBians at
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| east one of glass formng elenments of Si, A, and B. 14. A

st acked-type el ectronic device as clained in any one of clainms 1-13,
wher ei n sai d wWotoassIdM el ectrode overlaps said fil mel ectrode. PCT/JP99/068055,
A stacked-type electronic device as clained in claim 14, wherein said
external electrode and said film elect3f6t® are nade of the same naterial.

16. A stacked-type electronic device as clained in WO 00/33334 1
PCTI JP99/ 06805 32 claim 14, wherein said
external electrode and said film electrode are spaced fromeach other by a
hol | ow space formed therebetween. 17. A stacked-type electronic

device as clained in claim14, which further conprises an insulating glass
| ayer partially interposed between said external electrode and said film
el ectrode. 18. A stacked-type electronic device as clained in

. 402  g22 602
s 20 T




any one of clains 1-13, wherein said external electrode is fornmed at a
position on said outer surface generally different fromsaid film

el ectrode. WO 003334 A stacked-type el ectronic device as cl ai REG/IPAY068PAI m
18, wherein said external electrode and said film electrode are |ocated at
spaced positions on said outer surface,14pti8a connecting electrode is
deposited on said outer surface between said spaced positions and
connecting said external electrode with said film el ectrode. 20. A
stacked-type el ectronic device as clained in claim18, wherein said
external electrode and said film electrode are partially but slightly
over | apped to each other. 21. A stacked-type el ectronic device as
claimed in claim20, wherein said filmelectrode is covered with a
protective glass |layer, said protective glass |layer has a nelting point

| ower than that of said filmelectrode but is higher than a sol dering
tenperature for soldering said external electrode to said extgrna

circuit. 22. A stacked-type electronic device a i




WO 00/ 33334 33 any one of clains 1-21, said
side surfaces, said set of internal electrodes, said | ead-out el ectrodes
sai d exter nalwoeé/za384 ode and said filmelectrode being a firstPET/3RH06805
surface, a first set of internal electrode, a first |lead- out electrodes,
a first external electrode, and a firstqsf/hlgm el ectrode, respectively,

whi ch further conprises a second set of internal electrodes disposed in
said cerami c body, said second internal electrodes having their

i ndi vi dual second | ead-out electrodes ®Gh exteng@bends exposed in said
outer surface at positions spaced fromisaid fipst |ead-eub Bect rodes and
said first external electrode d a seconc=exter ‘e trode fornmed on

said ceram c body and spaced' fir SE=Epagfout Ll pctrodes and said
first external electro

al ly c@zzssred .sald second set of

internal electrodes in comufT f : tyde gl ectronic device
as claimed claim 22, which ff cEEEEEses—asecond 1A m el ectrode
= D
_K—- ( 50
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\320
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connected to said second external electrode, said second filmelectrode
bei ng deposited on said outer surface and overlying the end surfaces of
sai d i ndi vi dudO®@83¥4d | ead- out el ectrodes in comopn to be diPEIIRNH/06805
connected to said second |ead-out el ectrodes. 24. A stacked-type

el ectronic device as claimed in claim23gmigerein said outer surface
conprises said first side surface and two opposite end surfaces at
opposite ends of said first side surface, and said first and second
external electrodes are forned on said first and second end surfaces.

WO 00/ 33334 PCT/ JP99106805

34 25. A stacked-type electronic device as clained in claim
24, wherein said second | ead-out el ectrodes are exposed in said first
side surface, and a di stance between. sai d second | ead-out el ectrodes
and said second external el ectrode i s sane as anot her di stance between
said first




| ead-out el ectrodes and said first external el ectrode. 26. A

st acked-type el ectronic device, as clained in claim24, wherein said .
outer surfacevéuoesisas conprises a second side surface di spSEIPIBPHESt e
to said first side surface and between said first and second end
surfaces, and sai d second | ead-out 1€1Bd rodes are exposed in said
second si de surface. 27. A stacked-type el ectronic device as
clainmed in claim 26, which further conprises a first and a second
dummy film el ectrodes di sposed on said second and said first side
surfaces opposite to each other and at positions opposite to said first
and said second film el ectrodes, respectively. 28. A
stacked-type el ectronic device as clainmed in any one of clainms 22-27,
which is a stacked-type capacitor wherein each of said first set of
internal electrodes and each of said second set of internal electrodes
are alternatively disposed in said ceram c body. 29. A stacked-type

el ectronic device as clained in any one of clainms 22-27, which is a

st acked-type pi ezoel ectric ceram c actuator wherein each of said first

- ._ 50C




set of internal electrodes and each of said second set of i nt er nal
el ectrodes are alternatively disposed in said WO 00/ 33334

35 ceram c bwoypsasssd said ceramic body is polarized in a stackerd/xboo/esps on
bet ween adj acent el ectrodes.
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