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DESCRIPTION 

STACKED-TYPE ELECTRONIC DEVICE HAVING 

FILM 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

type piezoelectric ceramic actuator, and others having a 

ceramic 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 st~cked-type ceramic device having a 

fuse element for breaking abnormal current. 

Background Art 

A typical one of th~. stacked type e.lectronic devices 

is a ceramic capacitor which comprises a ceramic body of a 

ceraml.c material with first.and second sets of internal. 

electrodes and first and second external electrodes f o.rmed 

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

of internal electrodes and the second set of internal 

~· <electrodes are alternately disposed in the ceramic body and 

tr.-.~r~·spaced from each other by the ceramic material. The first 

and second sets of internal electrodes are connected to the 

fi:rst and second external. electrodes are connected to the 

first and second internal electrodes. The first and second 
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externa1 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 of ten be referred to as 

first internal electrodes and second internal electrodes, 

respectively, hereinafter. 

In production of the ceramic capacitor, first and 

second internal electrodes are formed by screen printing 

method on ceramic green sheets respectively. Then, green 

sheets having first internal electrodes and green sheets 

having second internal electrodes are alternately stacked 

to form a ceramic body. The ceramic body is fired or baked 

t8 form a hard ceramic body having the first and second 

internal e1ectrodes. 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-

·circ:Ui ted by any faul.t, for example, pin holes existing in 

the ceramic body, an abnormal current flows between the 

first and second external e~ectrodes through the short­

oircui ted internal electrodes to cause destruction of the 

.. external circuit as well as the capacitor its elf. This is 

a ier1ous problem. 

t' ... ·. fiJ-(.~~I The stacked-type piezoelectric ceramic actuator has a 

-~·~i-!j.iiar structure of the capacitor as described above. The 

. ir:<r:; cei-anii'c material. is a piezoelectric material and is 
·=1 ... ~ ... ... • . 

polarized 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 electrod$S 

connected to an external electrode also suffers from the 

similar problem. 

In order to resolve the problem, JP-A 63-305506 

(Reference I) discloses to ~orm 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 

but by the Joule heat caused by the abnormal electrode 

flowing therethrough. 

However, there is another problem that the Jule heat 

~y 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 electrode. An outer electrode is fo%Illed 

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. 

rt is troublesome that the wire-shape fuse element 

extends on the outer surface of the ceramic body. Further, 

·wQ.en a pair of adjacent internal electrodes is only short­

,ci,,rcuited, the fuse element is broken out. This means the 

capacitor can no longer be used. 

J ... 

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 

e1ectrode 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 int~rnal 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. 

rt is another object of this invention to provide the 

stacked-type ceramic electronic device with the fuse 

f'Unction which is of a surface mount type. 

It is another object of this invention to provide the 

stacked-type electronic device with the fuse function which 

has an improved equivalent series resistance. 

Disclosure of Invention 

According to the present invention, a stacked-type 

el.ectronic device is obtained which comprises: 

a ceramic body of a ceramic material having an outer 

'stirface 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; 
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an external electrode mounted on the ceramic body for 

connecting to an external electric circuit; 

a film electrode connected to the external electrode, 

the film electrode being deposited 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 external electrode to a particular one of the internal 

'electrodes to break the abnormal current from flowing to 

the particular internal electrode. 

:en an aspect, the film electrode comprises metallic 

material having a melting point lower than that of the 

-· internal el.ectrodes . 

:en an embodiment,. the film electrode has a thickness 

of 0 .5-50 micrometers ( µm). Each of the lead-out 

electrodes has a width of. 50-800 micrometers (µm). 

:en 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 film electrode is a 

baked film formed by an electrode metal paste being coated 

·oii- the side surf ace and then baked. 

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 sel.ected from gl.ass forming eleme.nts 

of Si02 , A120 3 and B20 3 • 

Alternatively, the electrode metal paste is an 

metal.lo-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 

com.pound is one comprises the metal.lo-organic 

compound/organometallic compound and resin mixed to the the 

metal.lo-organic compound/organometallic compound. 

The metal.lo-organic compound preferably contains at 

least one of glass forming elements of Si, Al, and B. 

The electrode metal paste may be a mixed paste which 

coDi.prises the metal.lie powder paste and the metal.lo-organic 

compound paste mixed with the metal.:tic powder paste. :rt is 

'' :: ·pri9.ferab1e that the metallic powder paste further contains 

at least one selected from glass forming elements of Si02 , 

A.1203 and B203 , or the metal.lo-organic compound may contain 

at ieast one of glass forming elements of Si, Al, and B. 

In an embodiment of the stacked-type electronic 

device according to this invention, the external e:tectrode 

overlaps the film electrode. The external electrode and 

tlie film electrode can be made of the same material.. 

Alternatively,. the external e.lectrode and the film 

~:::'electrode can be spaced from each other by a hollow space 

fofmed therebetween, or an insulating gl.ass !.ayer may 

partiall.y be interposed between the external. el.ectrode and 

the fil.m electrode. 
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In another embodiment, the external e·lectrode is 

formed at a position on the outer surface generally 

different from the film electrode. 

In the embodiment, the externaJ.. 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 film 

el~ctrode are partially but slightly overlapped to each 

bther. The film electrode is covered with a protective 

glass l.ayer. The protective gl.ass layer has a mel. ting 

point l.ower 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 ele~trode, first lead-out 

~l.ectrodes, a first extez:nal el.ectrode, and a first fi1m 

electrode, respectively. The device may further comprise a 

L·· ·s~cond set of internal el.ectrodes disposed in the ceramic 

body having their individual second lead-out electrodes 

r .• .Wi.th their ends exposed in the outer surface at positions 

spaced from the first lead-out electrodes and the first 

~ .... external electrode, and a second external. electrode formed 

on the ceramic body and spaced from the first 1ead-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 may further 

comprises a second film electrode connected to the second 

external electrode. The second film electrode is deposi tad 

on the outer surface and ov:erlying the end~ 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 

second set of internal electrodes to break the abnormal 

ciurrent from flowing to the particular one of the second 

set of internal electrode. 

The outer 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 

electrodes and the second external electrode is same as 

ahcii:her distance between the first lead~out electrodes and 
~; {:";_;~ . 
the first external electrode. 
- .... _. ~ 

Alternatively, the outer surface further comprises a 
) e. ... 

·second side ·surface disposed opposite to the first side 

.··surface and between the first and second end surfaces . The 

second 1ead-out e1ectrodes 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 surf aces 

opposite to each other and at positions opposite to the 

first and the second film electrodes, respectively. 

An example of the stacked-type electronic device 

according to this invention. is a stacked-t},'Pe 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 

el:ectrodes are a1ternative1y 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 i1lustrating a 

connection of an internal electrode and a film electrode 

for describ~ng the fuse function thereof in a stacked-type 

ceramic capacitor of this invention; 

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

r..J cai>a.citor 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-put electrode of_ an internal 

electrode connected to a film electrode for fuse in the 

stacked-type capacitor of Fig. 2; 

Fig. 7 is a graph showing test data of breakdown time 

··to breakdown current; 

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

.·. caipaci tor according t another embodiment i 

Fig. 9 is a perspective view of a ceramic body in the 

\''iit'Eicked-type capacitor of Fig. 8, which is similar to Fig. 

3"; 

Figs. 10A-10E shows different steps for forming an 

external electrode on the ceramic body having the film 

electrode; 

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. lOA-lOE; 

Fig. 12 is a perspective view of a stacked type 

capacitor according to another embodiment; 
'r .. Fig. 13 -is a sectional view taken a line XIII-XIII in 

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. 14i 

Fig. 16 is a perspective view of a test piece of an 

internal electrode for establishing a short circuit between 

two external electrodes; 

Fig. 17 is a sectional view of a stacked-type 

capacitor according to ano~er 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 

-a.ssembled 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 

~apacitor 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 perspect~ve view of a modified shape of 

the first internal electrode in Fig. 22; 

Fig. 25 is a perspective view of a stacked type 

.'.:.;' .. ~apacitor according tc;>_ another embodiment; 

G:J:! .L- '· .. •. w Fig •. 2 6. is a perspective of a ceramic body in the 

.Q~papitor of Fig. 25, which is similar to Fig. 3; 

'·f .... :; ·. Fig. _27 is a perspective view of the ceramic body as 

:! • ~ss~mbled 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. l, the fuse function of the 

stacked-type ceramic elect~onic device of ~his invention 

wi11 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 

surface of a film.electrode 40, as shown in an imaginary 

line. A portion of the film electrode 40 connected to the 

i~ad-out electrode 30a -is shown at 40a. 

When an abnormal current flows through the connection 

between the lead-out electrode 30a and the connected 

portion 40a, the connected portion 40a is melted so that 

the connection between the internal. electrode 30 and film 

electrode 40 is broken down. 'rhus, the abnormal current is 

broken. 

A current for mel.ting or breaking down the connected 

.. d l,[·J ·-

portion 40a of the film e1ectrod9· 40, which current will be 

referred to as "breakdoWn current", is determined by the 
-. • . '=",, ..... 

~ . width of the lead-out electrode 30a, material thickness of 

the film electrode 40. These are selected appropriately in 

ci9pendence 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 smaller than 50 micrometers, 

electrical connection of the internal electrode with an 

external electrode cannot be sufficiently established. If 

it is larger than 800 micr~meters, there i~ 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 resul. tantly has 

... ran. equivalent series resistance (ERR) increased. 

~ ··· In order to obtain the ESR value, for example, 

several milli-ohms (mQ) to 100 milli-ohms which is 

_generally equal to that ;p. 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 electt:ode 40 can readily be 

contt:olled by use of a method for f orminq 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 e~ectrode 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, Zn, 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 

· el.ectrode 40. Thus, the film el.ectrode 40 has a mel tinq 

point lower than that of the internal electrode 30, so that 

the film electrode is melted prior to the internal 

. .t~· .t:t:ilectrode when the abnormal current flows. 

~·p ., 
•• f"""'~ .• Referring to Figs. 2-4, description will be made as 

stacked~type ceramic capacitor according to an 

embodiment. As shown in Fig. 2, the capacitor comprises a 
• I) ,;.. ~ . 

ceramic body 50 of a rectangular shape which has first and 

second side surfaces SOA and SOB 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 SOA and SOB, 

respectively, and first and second external electrodes 601 

and 602 deposited on the opposite ends of the ceramic body 

50. The first and second film eJ.ectrodes 401 and 402 are 

partially overlapped and connected with the first and 

second external electrodes 601 and 602. ~e capacitor has 

a size of, for example, 3. 2mm.X 1. 6mm.X 1. 6mm to 5. 7mmX 5. Omm 

X 5 .Omm. 

Referring to Fiq. 3, a plurality of ceramic green 

sheets 521-52n (521-524 are only shown) are prepared with 

first internal el.ectrodes 30 (301 and 302 are only shown) 

and second internal electrodes 32 (321 and 322 are only 

shown), respectively. 

Dielectric powder of a complex perovskite compound 

powder is mi~ed with binder materials in an organic solvent 

to form ceramic slurry, and ceramic green sheets are formed 

therefrom by use of the doctor bl.ade method. Each of the 

ceramic green sheets has a thickness of 30 micrometers and 

has a rectangul.ar 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% Aq- 30% Pd paste on the ceramic green sheets. 

The first and second internal el.ectrodes 30 and 32 

'· have first lead-out electrodes 30a (301a and 302a are only 

shown) and second lead-out electrodes 32a (32la 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 f o.z:m 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 

··extending from the first internal electrodes to the first 

side surface 50A of the ceramic body SO and second lead-out 

electrodes 32a extending from the second internal 

electrodes to the second side surf ace SOB of the ceramic 

body· 50. Thus, the· first and second lead-out electrodes 

· 30aand 32a· are exposed at their ends in the first and 

second side surfaces SOA and SOB, respectively. 

Then, the first and second external electrodes 601 

and 602 are formed on first and second ends SOC and SOD 

opposite to each other by c9ating 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 SOC and SOD to the top, bottom and first and 

-~s~cond side surfaces SOA and SOB, as shown in Fig. 2. 

· .. ' A distance from the first external. el.ectrode 601 to 

· the first 1ead-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 SOA and SOB to overlap the first and 

second lead-out electrodes 30a and 32a and to par~ially 

overlap the first and second external 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 Si02 , Al20 3 or B203 

"by .. mixing the element into the metallic paste. The 

resultant film electrodes can be protected from hot solder 

•
1 ·.:when the first and second external electrodes of the 

capacitor are soldered to an external circuit such as a 

printed circuit. 

· •· : · :Cn 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 res.in in both of which the salt is 

. resolved. 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. 

C. ~, "''':-. .-, · The metallo-organic compound may preferably contain 

- < ·.: at least one of glass forming elements of Si, A1, and B, so 

as to protect the film electrodes from soldering. 

Referring to Fig. 5, capacitor of Fig.2 is modified 
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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 SO, respectively. The first and second 

dummy film electrodes 403 and 404 are positioned in 

symmetry with the first and second film electrodes 401 and 

402, ·respective1y. The first and second dummy fi1m 

e1ectrodes 403 and 404 are connected to the first and . . 

second external electrodes 601 and 602 but to no internal 

electrodes. Al though the first and second dummy film 

electrodes 403 and 404 are electrical1y meaning less, use 

of the dummy electrodes makes production of the capacitor 

easy because it i~ not necessary to adjust an orientation 

of the ceramic body 50 for forming the film electrodes 401 

and 402. 

Sa.mp1es of the capacitor of Fig. 2 were produced 

which have the fuse electrodes 40 different in thickness by 

use of the Ag powder paste. '?he width of the lead-out 

electrodes 30a and 32a were constant to be 500 micrometers. 

Another samples were produced by use of the meta11o­

organic conipound 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. 

Ail.other sample was·aiso produced by use of a mixture 

Of the Ag powder paste and the metallo-organic compound. 

· ·· ·'p~s-te at ·a. rate of l: 1 for producing the film electrodes 40 

lia~ing a thickness of 5 micrometer. The width of the l.ead-

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 

Tab1e 1. 

Tab1e 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 [µm] [µm] 

Known - - - - -
1 500 0.1 unmeasurable unmeasurable 0 
2 500 0.5 100% 400% 0 
3 

metallic powder 
500 1 100% 200% 0 

4 500 5 100% 120% 0 
5 500 10 100% 105% 0 
6 500 50 100% 100% 0 

.• ,,,.7 500 100 100% 100% x 
8 Ag 10 5 unmeasurable unmeasurable -

.·g 50 5 not constant 2000% 0 
•. 10 organometallic. 100 5 100% 500% 0 

11 salt 500 5 100% 120% 0 
12 · 1000 5 100% 100% x 
13 800 5 100% 105% 0 
14 metallic powder 500 5 100% 120% 0 

+ organometallic 
salt 

0: good x: no good 

In comparison, a known stacked-type ceramic capacitor 

· ··having no film electrode but havinq the same structure and 

Sa.JJle sizes of various portions as the samples was made and 

subjected to measurements. In table 1, the capacitance and 

·t.ne·EsR of those samples were shown by variation rate from 

· ·: ·;the known capacitance. 

Fiq. 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 

preferable 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 relati~n between the breakdown current 

and the breakdown time with respect to film electrodes 40 

formed by use of 80Ag-20Pd powder paste (curve A) and Ag-Pd 

organometallic (80Aq-20Pd) salt paste (curve B) , 
. 
respectively. From the result, it is seen that use of the 

. ·metallo-organic compound paste is prefercible in the 

br~akdown 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 capacitor 

shown 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 SOA. 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 and B that the external electrodes 

60.fo:cmed prior to formation of the film electrodes 30 and 

,,.; ": ·' 32 / the externa,l 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 surf ace thereof by use of a squeezing 

'bl.ade 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. lOC. As a resu1t, the paste 74 is 

attached to cover the lower end surf ace 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, 

aliJf shown in Fig. lOD. The ceramic bodies 50 are pushed 

' onto the pl.ane surface of the working pl.ate 76 and then 

, ... _moved laterally, as shown Fig. lOD. ~us, 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 thereof. After the paste 7 4 is cured, the similar 

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

body 50. Thus, fil.m 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 

i~ -_ c_ompl.ete the capacitor, as shown in Fig. 11. 

... : · __ :: ,· Referring to Fiqs. 12-15, a capacitor according to 

""'t another embodiment shown therein is simil.ar to the 

',f~F embodiment of Figs. 2 and Ba except that first internal. 

'.::.. eiectrod~s 30 and second internal. electrodes 32 have two 

··:·.opposite l.ead-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 

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 

of green sheets Conly two 5~1 and 522 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 eiiibodiment, green sheets 544 and 

545 having no electrodes are interposed between adjacent 

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 surf aces SOA and 

SOB of the ceramic body 50, respectively, in the vicinity 

6f.:the ·first end soc. Also lead-out electrodes 32a and 32b 
, ... ,., .. ~ ........ -~ .· .. -

'are' exposed in the second and first side surfaces SOB and 

soi of the ceramic body 50, respectively, in the vicinity 

of the second end SOD. 

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 SOC and SOD, 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 

mounted on an external circuit of a printed circuit board, 

the metallic powder paste ~sed should contain the glass 

forming elements such as Si02 , Al203 , or B203 • While the 

metal.lo-organic com.pound paste used should also contain 

such as glass forming elements Si, Al, or B. 

The portions 801a and 801b of the first external 

electrode 801 formed on the first and second side surfaces 

59A and SOB of the ceramic body 50 overlie and are 

c~~ected to the lead-out _electrodes 30a and 30b, 

-~§lspectively, and se:cve as the fi1m 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 surf aces SOB and SOA of 

the ceramic body 50 overlie and are connected to the lead-

out electrodes 32a and 32b,. respectively, and serve as the 

ti.lm. electrode 40 for breaking out the abnormal current. 

Referring to Fig. 16, a test piece 100 was fo:rmed for 

· < .. cq_nf~rmation of fuse function of the film electrodes. The 

~~l?..:t piece 100 comprises a ceramic green sheet 56, and an 

-::~~~ernal e:tectrode_ 33 formed on the green sheet 56. The 

. ·· ll?-ternal electrode 33 has two opp6si te 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 electrodes 33c and 33d extending to 

opposite sides of the green sheet 56 in the vicinity of the 

opposite end thereof. 

The test 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. 1~ 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 

electrode 801, and other two lead-out electrodes 33c and 

33d' are connected to the second external e.lectrode 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 

the second internal electrodes are short-circuited. 

A DC source was connected across the external 

electrodes 801 and 802 to flow a DC current across the 

uternal electrodes 801 and 802. When the DC current was 

increased up to 3 amperes; it rapidly became zero. 

Tl'iereafter, it·was impossible to flow the current through 

tlie capacitor. The capacitance, a dielectric loss and an 
•,l 

-.. ·'insulation resistance of the capacitance were measured by 

~-i..,i:i f~.;.Bi.~: ·· . 

use of an LCR meter. As a result, it was confirmed that 
~:b ,-:;r'l, . 
·tney had normal values. This means that the current flow 

· . ~w~~ broken and that the internal electrode 33 of the test 
... re;. 

piece 100 is separated from the connection with the 

externa1 e1ectrodes. 



· WO 00/33334 PCT/JP99/0680S 

25 

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 SOA and SOB but in the 

end surfaces SOC and SOD, respectively. Therefore, the 

fil.m electrodes 401 and 402 are also formed on the end 

surfaces SOC and SOD, respectivel.y. 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 f i.lm electrodes and the external 

electrodes 401-601 and 402 and 602, respectively. The 

hollow spaces 621 and 622 are for permitting the fil.m 

electrodes to melt by the abnormal current and receiving 

the melted metal. 

Referring to Fig. 20, a modification of the capacitor 

of Figs. 17-19 is shown where the internal electrode 30 and 

32 have opposite lead-out electrodes led out to the 

opposite ends SOC and 501;> 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 SOD and SOC, 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 SOA and SOB of the ceramic 

body 50, respectively, at intermediate position between the 
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opposite ends SOC and SOD 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 SOC of 

the ceramic body SO as shown in Figs. 22 and 23. 

The external electrodes 601 and 602 are formed on the 

portions of the opposite ends SOC and SOD, respectively. 

Therefore, the external el~ctrode 601 is connected to the 

first internal. electrodes 30, directly, as shown in-Fig. 21. 

Film electrodes 401 and 402 are formed on the side surfaces 

SOA and SOB of the ceramic body 50 at positions in which 

the lead-out e.leotrodes 32a and 32b are exposed. Further, 

connecting electrodes 421 and 422 are also formed on side 

·surfaces SOA and SOB, respectively, to connect the film 

electrodes 401 and 402 with the external electrode 602 . 

. · '.rhtis, the second inte\rnal 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 fi1m 

electrodes 401 and 402. 

Referring to Fig. 24, a modification of the second 

· internal electrode is shown therein and has the lead-out 

eiectrode 32a alone with the other lead-out electrode (32b 

in Fiq. 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 SOA and SOB of 

the ceramic body 50 at positions intermediate between the 

opposite ends SOC and SOD of the ceramic body SO. 

Therefore, film e1ectrodes ~01 and 402 are·also formed on 

the side surfaces SOA and SOB at the intermediate positions, 

and connecting electrodes 423 and 424 are formed on the 

side surfaces SOA and SOB, respectively. The connecting 

electrodes 423 and 424 connects the film electrodes 401 and 

402 with external e1ectrodes 601 and 602 formed on the 

opposite ends of the ceramic body 50, respectively. 

Two samples (example l and example 2) of the 

capacitors of Figs. 21-23 and Figs. 25-27 were produced. 

'lhe lead-out electrodes 30a, 30b, 32a and 32b were foJ:med 

to have a width of 400 micrometers, and the film electrodes 

401 and 402 were made by coating and baking Ag powder paste 

incl.uding Si02-B203 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 film 

electrode 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 slight1y higher than the latter. 

In the embodiments described above, although only one 

ceramic material has been used, it should be noted that 

various ceramic materials known in the prio~ 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 

understood by those ski11ed 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 invention, 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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CLAIMS 

i. 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 para~lel 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 film electrode being deposited on said side surface 

and overlying the end surfaces of said individual lead-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 ( µm). 

4. A stacked-type electronic device as claimed in 

any one of claims 1-3, wherein each of said 1ead-out 

electrodes has a width of 50-800 micrometer (µm). 

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, Zn, 

Bi, and Cd. 

6. A stacked-type electronic device as claimed in 

any of claims 1-5, wherein said fi.lm 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 c1aimed in 

claim 6, wherein said electrode metal paste is a metal..lic 

powder paste comprising electrode metallic powder and a 

carrier solvent suspending said powder therein. 

8. A stacked-type electronic device as claimed in 

cia;i'm 7, wherein said meta11ic powder paste further 

contains at .least one selected from glass forming elements 

of' Si02 , Al20 3 and B20 3 • 

9. A stacked-type electronic device as cl.aimed in 

claim 6, wherein said electrode metal paste is an metal.lo-
.. 

organic compound paste which comprises resinate of metallo-

organic compound/organometa1lic compound and organic 

solvent resolving the resinate therein, said resinate of 

tne metal.lo-organic compound/organometallic compound 

comprises the metal.lo-organic compound/organometallic 

oolhpound and resin added to the metallo-organic 

compound/organometallic compound. 
··~r J:·.~ 

10. A stacked-type e1ectronic device as c1aimed in 

c1aim 9, wherein said meta1lo-organic compound/organometal-

lie compound contains at 1east one of glass forming 

e1ements of Si, 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 s~d metallo-organic compound 

paste comprising resinate of metallo-organic 

compound/organometallic compound and organic solvent 

r~solving the resinate therein, said resinate of tne 

metallo-organic compound/organometallic compound comprises 

the metallo-organic compound/organometallic compound and 

resin added to the metallo-organic 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 Si02 , A120 3 and B20 3 • 

13. A stacked-type electronic device as claimed in 

claim 11, wherein_said meta11o-orqanic compound contains at 

least one of glass forming elements of Si, Al., and B. 

14. A stacked-type electronic device as claimed in 

any one of claims 1-13, wherein said external electrode 

r overlaps said fi1m electrode. 

:.; : '. :i 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 e1ectrode 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 external electrode and 

said film electrode. 

18. A stacked-type electronic device as claimed in 

any one 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 external electrode and said film 

electrode are located at spaced positions on said outer 

surface, and a connecting electrode is deposited on said 

outer surface between said spaced positions and connecting 

sai.d external electrode with said film electrode. 

20. A st.a.eked-type electronic device as claimed in 

claim 18, wherein said uternal 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 
.. - r ....•• . . . 
· ma1·tirig point lower thari. that of said film electrode but is 

e .. L "::tc. •" • . • 

higher than a soldering temperature for soldering 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 exte~al 

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 ele~trodes 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 

first 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 

film electrode being deposited on said outer surface and 

overlying the end surfaces of said individual second lead­

out· eiectrodes in common to be directly connected to said 

second lead-out electrodes. 

24. A stacked-type electronic device as claimed in 

.~cli:lim 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 c1aimed 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 external electrode. 

26. A stacked-type e~ectronic device.as claimed in 

cl.aim 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 

said 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 f i1m electrodes disposed on said second and said 

first side surfaces opposite to each other and at positions 

· opposite to said first and said second fil.m electrodes, 

respectively. 

28. A stacked-type electronic device as cl.aimed in 

any 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 

set of interna~ electrodes and each of said second set of 

internal electrodes are alternatively disposed in said 



WO 00/33334 I lllllll llllll lllll lllll II lllf 
* C L M S * 

PCT/JP99/06805 

35 

ceramic body, and said ceramic body ~s po1arized in a 

stacked di~ection between adjacent e1ectrodes . 

.. ··: 

.· .. .. 
· ... ·.· .... 

·~ r: .. 


