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DESCRIPTION

STACKED-TYPE ELECTRONIC DEVICE HAVING

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 sﬁch a sﬁapked—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
} ##"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
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external electrodes serve as lead terminals for connecting
the capacitor to an external circuit.

The first set of internal electrodes and the second
set of internal electrodes will often be referred to as
first internal electrodes and second internal electrodes,
respectively, hereinafter.

In production of the ceramic capacitor, first and
second interndl 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 thé

'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
“*3imii%r structure of the capacitor as described above. The
deramic material is a piezoelectric material and is
'“;oiarized.between the adjacent first and second internal

electrodes. The stacked-type piezoelectric ceramic
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actuator has also the similar problem.

Generally speaking, the electronic devices having a
ceramic body with a plurality of internal electrodes
connacted to an external electrode also suffefs from the
similar problemn.

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

extends 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
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provide a stacked-type ceramic electronic device having a
plurality of internal electrodes connected to an external
electrode and a fuse function for protecting against
abnormal current, wherein that ones of the internal
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;

5-..'.. 2

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:;
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an external electrode mounted on the céramic body for
connecting to an external electric circuit;

a film electrode connected to the external electrode,
the film electrode being deposiﬁed on the side surface and
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 electrxodes. |

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
‘carrier solvent suspending the powder therein.

More preferably, the metallic powder paste further
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contains at least one selected from glass forming elements
of 8i0,, Al,0, and B,0;.

Alternatively, the electrode metal paste is an
metallo-organic compound past which comprises resinate of
metallo-organic compound/organometallic compound and
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 film electrode can be made of the same material.

Alternatively, the external electrode and the film
:‘eléctrode 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.
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In another embodiment, the external electrode is
formed at a position on the outer surface generally
different from the film electrode.

In the embodiment, the external electrode and the
film electrode are 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
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electrodes and the first external electrode. But the
second external electrodes are electrically connected to
the second set of internal electrodes in common.

The stacked-type electronic device nay further
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

lﬁﬁsfher distance between the first lead-out electrodes and

the first external electrode.

' Alternatively, the outer surface further comprises a

JBRY - _
second side surface disposed opposite to the first side

second lead-out electrodes are exposed in the second side
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surface.

Further, a first and a second dummy film electrodes
may be disposed on the second and the first side surfaces
opposxte to each other and at positions opp051te to the
first and the second film electrodes, respectively.

" An example of the stacked-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
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
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structure;

Fig. 4 is a perspective view of the ceramic body of
Fig. 3 as assembled;

Fig. 5 is a perspective view of a modified one of the
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;
i Fig. 14 is a perspective of a ceramic body in the

capacitor of Figs. 12 and 13, which is similar to Fig. 3;
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Fig. 15 is a perspective view of the ceramic body as
assembled from Fig. 14;

Fig. 16 is a perspective view of a test piece of an
iﬁternal electrode for establishing a short circuit between
two external electrodes;

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 éssembled from Fig. 26; and

Fig. 28 shows frequency to impedance characteristics
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of the stacked-type capacitor of Fig. 21 and Fig. 25 in
comparison with a known stacked type capacitor without fuse

function.

Best Mode for Carrying out the Invention

' 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

'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,
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taking it into consideration that the internal electrode 40
is usually designed to have a thickness of 1-2 micrometers.

The width of the lead-out electrode 30a is preferably
50-800 micrometers. If it is smallef than 50 micrometers,
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.

In order to obtain the ESR value, for example,

several milli-ochms (m{J) 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.
The thickness of the film electrode 40 can readily be

controlled by use of a method for forming an electrode by
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coating a metallic powder paste and then baking the coated
paste.

However, it is more preferable for thickness control
to use metallo-organic compound paste in place of, or
together with the metallic powder paste.

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

£ Ig18ctrode when the abnormal current flows.

“w2 Referring to Figs. 2-4, description will be made as

[yt ; - 2 ; i
"t stacked-type ceramic capacitor according to an

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

o,

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

second side surfaces 50A and 50B opposite to each other and
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opposite ends, first and second film electrodes 401 and 402
deposited on the first and second side surfaces 50A and 50B,
respectively, and first and second external electrodes 601
and 602 deposited on the opposite ends 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, 3.2mmX1l.6mmX1l.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 micrometers 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 internal 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.
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Each of the first and the second lead-out electrodes 30a
and 32a are adjusted to have a width of 500 micrometers.

The green sheets 52 (522 and 524 are only shown)
having first internal electrodes 30 and green sheets 52
{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.
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Then, first and second film electrodes 401 and 402
are formed by coating and baking Ag paste on the first and
second side surfaces 50A and 50B to overlap the first and
second lead-out electrodes 30a and 32a and to partially
overlap the first and second external electrodeé 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



- WO 00/33334 PCT/IP99/06805
18

by providing first and second dummy film electrodes 403 and
404 on the second and first side surfaces 50B and 50A of
the ceramic body 50, respectively. The first and second
dummy film electrodes 403 and 404 are posiﬁioned in
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'alectrodes 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
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respect to the breakdown current, the breakdown time,

capacitance, and the ESR. The measured data are shown in

Table 1.
Table 1
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% @)
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
. . 500 100 100% 100% b d
8 Ag 10 5 unmeasurable [unmeasurable} -
-9 50 5 [not constant {2000% O
g, 10 . organometallic {100 5 100% 500% @)
KT 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

si:i:jected 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
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lead-out electrode 30a and the breakdown current.

From the test result, it is seen that samples 2-6, 9-
11, 13 and 14 have good properties. Therefore, it is
préferable that the thickness of the film electrode 40 is
0.5-50 micrometers while the width of lead-out electrode
30a and 32a being 50-800 micrometers.

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),
';respectively. 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 50A. 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
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the paste 74, for example, the organometallic paste
extended on an upper surface thereof by use of a squeezing
-'blade 76, as shown in Fig. 10B. The carrier 70 is moved to
push one ends of the ceramic bodies 50 onto the paste layer -
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
Bnto the plane surface of the working plate 76 and then
... moved laterally, as shown Fig. 10D. 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
3{anothe: embodiment shown therein is similar to the
4¢r embodiment of Figs. 2 and 8a except that first internal
% electrodes 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
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shown by same reference numerals and are not described in
detail.
As is well shown in Fig 14, first internal electrodes
30 is formed on a green sheet 522 and has two lead-out
~ electrodes 30a and 30b extending to opposite sides of the
greeh 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
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are formed on portions in the vicinity of the first and
second ends 50C and 50D, respectively, by use of the paste
for forming the £film electrodes as described above, as
shown in Fig. 12 and 13. In order to protect the external
electrode 801 and 802 from soldering when the capacitor is
mouﬁted 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
.- 504 and 50B of the ceramic body 50 ovexrlie and are
connected to the lead-out electrodes 30a and 30b,
- respectively, 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
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opposite lead-out elgctrodes 33¢c and 33d extending to
opposite sides of the green sheet 56 in the vicinity of the
opposite end thereof.

The ﬁest piece 100 is stacked together with a
plurality of green sheets 521 and 522 (Fig. 14) having
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 extermal
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
;njinsﬁlation resisténce of the capacitance were measured by
Y485 of &n LCR meter. As a result, it was confirmed that

R -
they had normal values. This means that the current flow

piece 100 is separated from the connection with the

external electrodes.
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Referring to Figs. 17-19, a capacitor according to
another embodiment shown therein are also similar to that
in Fig. 2, except that the lead-out electrodes 30a and 32a
are exposed in not the side surfaces 50A and 50B but in the
end surfaces 50C and 50D, respectively. Therefore, the
filﬁ 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

. andther embodiment shown therein is also similar to the

capacitor of Figs. 12-15, except that the lead-out
. electrodes 32a and 32b of the seccond internal electrode 32
are led out in the side surfaces 50A and 50B of the ceramic

body 50, respectively, at intermediate position between the



WO 00/33334 PCT/JP99/06805
26

opposite ends 50C and 50D of the ceramic body 50. While,
the first internal electrode 30 has no lead-out electrode
but one end thereof being exposed at 30e in one end 50C of
the ceramic body 50 as shown in Figs. 22 and 23.

The external 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
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modification of the Fig. 2. The similar portions are shown
by the same reference numerals. The lead-out electrodes
30a and 32a of the first and the second internal electrodes
30 and 32 are exposed in the side surfaces 50A and 50B of
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
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the lower portions of the characteristic curves. It is
seen that examples 1 and 2 according to this invention have
ESR substantially equivalent to that of known capacitor
although the former is slightly higher than the latter.

In the embodiments described above, although only one
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.
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1. A stacked-type electronic device comprising:

a ceramic body of a ceramic material having an outer
surface including a side surface;

a set of internal electrodes disposed in said ceramic
body and extending in parallel with and spaced from each
other by said ceramic material, said internal electrodes
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
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any one of claims 1-4 wherein said metallic material is at
least one selected from a group of Ag, Pd, Cu, Ni, Sn, 2Zn,
Bi, and Cd.

6. A stacked-type electronic device as claimed in
any of claims 1-5, wherein said film electrode is a baked
film 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

e soTen

compound and resin added to the metallo-organic
compound/organometallic compound.

4 T '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.
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11. A stacked-type electronic device as claimed in
claim 6, wherein said electrode metallic paste is a mixed
paste which comprises a metallic powder paste and an
metallo-organic compound paste mixed with said metallic
powder paste, said metallic powder paste comprising
electrode metallic 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.

L 14. A stacked-type electronic device as claimed in
'any-one of claims 1-13, wherein said external electrode
oveérlaps 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
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claim 14, wherein said external electrode and said £film
electrode are spaced from each other by a hollow space
formed therebetween.

17. A stacked-type electronic device as claimed in
claim 14, which further comprises an insulating glass layer
partially interposed between said externél 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
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any one of claims 1-21, said side surfaces, said set of
internal electrodes, said lead-out electrodes said external
electrode and said film electrode being a first side
surface, a first set of internal electrode, a first lead-
out 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,
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25. A stacked-type electronic device as claimed in
claim 24, wherein said second lead-out electrodes are
exposed in said first side surface, and a distance between
said second lead-out electrodes and said second external
electrode is same as another distance between said first
lead-out electrodes and said first exterhal 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 electrodes,
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

& “ary orne 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
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ceramic body, and said ceramic bbdy is polarized in a

stacked direction between adjacent electrodes.



