1 FIELD OF THE | NVENTI ON The present invention relates to nonolithic _
ceram c capacitors, specif ically to those having inner electrodes nadg: of
a base met #090382s33% he present invention relates to a produci ng nethdd of
the nonolithic ceram c capacitor. BACKGROUND OF THE | NVENTI ON Monolithic
ceram c capacitors conprising conventional dielectric ceram c conpositions
that consist essentially of BaTi O3 were problematic in that the
conpositions are reduced into sem conductors if baked in neutral or
reduci ng at nospheres havi ng a |low oxygen parti al pressure.

MONOLJITHIC CERAMIC CAPACITOR AND PRODUCING METHOD THEREOF

FIELD OF THE INVENTION
The present invention relates to moneclithic ceramic
capacitors, specifically to those having inner electrodes
made of a base metal. Also, the present invention relates

to a producing method of the monolithic ceramic capacitor.

BACKGROUND OF THE INVENTION

Monolithic ceramic capacitors comprising conventional
dielectric ceramic compositions that consist essentially of
BaTiO; were problematic in that the compositions are
reduced into semiconductors if baked in neutral or reducing
atmospheres having a low oxygen ©partial pressure.
Therefore, it was necessary to use, as inner electrodes
therein, noble metals, such as palladium, platinum and the
like, that do not melt even at temperatures, at which such
dielectric ceramic compositions are sintered, and that are
not oxidized even when baked in atmospheres having a high
oxygen partial pressure, in which such dielectric ceramic
compositions can be baked without being converted into
semiconductors. However, the noble metals much interfered
with the reduction in the costs of the monolithic ceramic

capacitors thus produced.
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Therefore, it was necessary to use, as inner electrodes therein, noble
nmetal s, such as palladium platinumand the like, that do not nelt even at
tenperature§99Qﬁ33Mﬁ3@h such dielectric ceram c conpositions are sintered,
and that are not oxidized even when baked i n atnospheres having a high
oxygen partial pressure, in which such dielectric ceramc conpositions can
be baked w thout being converted into sem conductors. However, the noble
metals nuch interfered with the reduction in the costs of the nmonolithic
ceram c capacitors thus produced.

In order to sclve the above-mentioned problems, it has
been desired to use inexpensive base metals such as nickel
as the materials of inner electrodes. However, if such
base metals are used as the materials of inner electrodes
and if they are baked under the conventional conditions,
they are oxidized to lose their functions as electrodes.
Therefore, in order to successfully use such base metals as
inner electrodes, dielectric ceramic compositions having
excellent dielectric characteristics are needed that can be
baked even in neutral or reducing atmospheres having a low
oxygen partial pressure without making the layers of the
compositions into semiconductors. As materials that meet
such requirements, for example, proposed were compositions
cf the type of BaTiO;-CaZr03;~MnO-MgO, such as those
disclosed in Japanese Patent Application Laid-Open No. 62-
256422; compositions of the type of BaTiO3;-MnO-MgO~-rare
earth oxide, such as those in Japanese Patent Application
Laid-Open No. 63-103861; compositions of the type of
BaTiO3~(Mg,Zn,Sr,Ca)0-Li0~-Si0,~-MO (MO: BaO, Sro, Ca0),
such as those in Japanese Patent Publication No. 61-14610;
and compositions of the type of (Ba,Ca,Sr,Mg,Ce)(Ti,Zr)0s,
such as those in Japanese Patent Application Laid-Open No.
3--263708.

However, monolithic ceramic capacitors having inner

electrodes of such a base metal were problematic in that,
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2 In order to solve the above-nentioned problens, it has been desired to
use i nexpensive base netals such as nickel as the materials of inner

el ectrodes.50908a@Re?d%, if such base netals are used as the materials of

i nner el ectrodes and if they are baked under the conventional conditions,
they are oxidized to lose their functions as el ectrodes. Therefore, in
order to successfully use such base netals as inner electrodes, dielectric
ceram c conpositions having excellent dielectric characteristics are needed
t hat can be baked even in neutral or reducing atnospheres having a | ow

if each dielectric ceramic layer is thinned while
increasing the number of the layers to be laminated, some
residual stress is produced at the interface between the
inner electrode and the dielectric ceramic layer due to the
difference in the contraction and also in the thermal
expansion between the inner electrodes and the dielectric
ceramic layers, thereby worsening the thermal impact
resistance of the capacitors. For their reliability in
high-temperature and high~humidity <conditions, which
indicates so-called wet load-resisting characteristics of
the capacitors, the capacitors of that type were also
problematic in that such their characteristics are worsened
for the same reasons as above, if each dielectric ceramic
layer is thinned while increasing the number of the layers
to be laminated.

In order to soclve these problems, Japanese Patent
Publication ©No. 7-56850 discloses monolithic ceramic
capacitors in which inner electrodes of Ni are bonded to
the matrix body via an aluminosilicate layer. However, the
disclosed capacitors are still problematic in that their
capacitance is low, that their equivalent series resistance
is large, and that, if each dielectric ceramic layer is
thinned, Al as added to the inner electrode paste diffuses

into such thin dielectric ceramic layers, thereby worsening
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oxygen partial pressure wthout nmaking the |layers of the conpositions into
sem conductors. As materials that neet such requirenents, for exanple,
proposed WK IBEEPAES i ons of the type of

BaTiJerr]-CaZzrgerr]-MO MO such as those disclosed in Japanese

Pat ent Application Laid-Open No. 62- 256422; conpositions of the type of
BaTiJerr]-MO MgO-rare earth oxide, such as those in Japanese Patent
Application Laid-Open No. 63-103861; conpositions of the type of
BaTigerr]-(M), Zn, Sr, %MHJMH]OSQeH]MD(M) BaO SrO Cao,

such as th ﬁg?lgﬁégggp%fe Pa en%%r% I|c té%%iég%ﬁq }? égdlggggcoqyﬂ§ltlons

of the type suc hose apane

Pat ent AppLﬂﬂégdé¥1ﬂdﬂd%tcgggl§9ance of the capacitors is low.

The aluinosilicate layer is a mixture of oxides of
metals such as Ni, Si and Al which originate in the inner
electrode paste.

Further, firing is carried out under a non-oxidative
condition, e.g. 1.5% of H2a -~ 98.5% of N.o.

On the other hand, Japanese Patent Application Laid-
Open No. 3-133114 discloses monolithic ceramic chip
capacitors, in which oxide layers comprising components
that are different from those constituting the dielectric
layers are formed around the inner electrodes. In this,
the samples are fired in atmospheres having a low oxygen
concentration for the purpose of improving  their
reliability in high-temperature load tests. However, this
baking method is ineffective in improving the thermal
impact resistance and the wet load resisﬁance of the
capacitors.

In the ceramic chip capacitor mangane oxide layer is
formed around an internal electrode. Oxides of
Si/Ca/Ba/Ti/Zr/P which originate in the dielectric material

may be included in the mangane oxide laver.
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3-263708. However, nonolithic ceram c capacitors having inner el ectrodes of
such a base netal were problematic in that, 3if each dielectric
ceramc | H0033%-33%i nned while increasing the nunber of the layers to
be | am nated, sone residual stress is produced at the interface between the
I nner el ectrode and the dielectric ceramc |layer due to the difference in
the contraction and also in the thermnal

SUMMARY OF THE INVENTION

The subject matter of the present invention 1is to
improve the dielectric ceramic layers constituting a
monolithic ceramic capacitor having inner electrocdes of a
base metal, thereby providing a monolithic ceramic
capacitor having excellent thermal impact resistance and
wet load resistance characteristics.

The present invention has been made in consideration
of the above-mentioned object.

The present invention provides a monolithic ceramic
capacitor composed of a plurality of dielectric ceramic
layers, a plurality of inner electrodes as formed between
the dielectric ceramic layers in such a manner that one end
of each inner electrode is exposed out of either end of the
dielectric <ceramic layers, and outer electrodes as
electrically connected with the exposed inner electrodes,
which is characterized in that the inner electrodes each
are made of a base metal and that S$i oxide layers are
formed adjacent to the inner electrodes.

The invention also provides a monolithic ceramic
capacitor composed of a plurality of dielectric ceramic
layers, a plurality of inner electrodes as formed between
the dielectric ceramic layers in such a manner that one end
of each inner electrode is exposed out of either end of the

dielectric ceramic layers, and outer electrodes as
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expansi on between the inner electrodes and the dielectric ceramc |ayers,

thereby worsening the thernmal inpact resistance of the capacitors.
For their ro@ISitaBi2-33¢ in high-tenperature and high-humidity
condi tions, whi ch indicates so-called wet | oad-resisting characteristics

of the capacitors, the capacitors of that type were also problematic in

t hat such their

characteristics are worsened for the sanme reasons as above,

if each dielectric ceramic layer is thinned while increasing the nunber of
the layers to be lamnated. In order to solve these probl ens, Japanese

Patent ” Publdatian 1N ooimfRid oS clReeaxphReg! bk 38Tblies,

which is characterized in that the inner electrodes each

are made of a base metal and that compound layers

comprising an Si oxide and at least one component that

constitutes said dielectric ceramic layers and said inner

electrodes are formed adjacent tc the inner electrodes.

In the monolithic ceramic capacitor of the invention,

the base metal is preferably Ni or an Ni alloy.

In the monolithic ceramic capacitor of the invention,

at least one component constituting the dielectric ceramic

layers is preferably an Si oxide.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view illustrating one

embodiment of the monolithic ceramic capacitor of the

present invention.

Fig. 2 is a cross-sectional view illustrating another

embodiment of the monolithic ceramic capacitor of the

present invention.

Fig. 3 1is a cross-sectional view illustrating still

another embodiment of the monolithic ceramic capacitor of

the present invention.

Fig. 4 is a cross-sectional view 1llustrating still

another embodiment of the monolithic ceramic capacitor of

the present invention.
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capacitors in which inner electrodes of NI are bonded to the matri x body
via an alum nosilicate | ayer. However, the disclosed capacitors are stil
probl emati c509033@mt33%heir capacitance is low, that their equivalent series
resistance is large, and that, if each dielectric ceramc |ayer is thinned,
Al as added to the inner electrode paste diffuses into such thin dielectric
ceram c | ayers, thereby worsening 4 the characteristics of the
capacitors. In addition, the

PREFERRED EMBODIMENTS OF THE INVENTION

The monolithic ceramic capacitor of the present
invention is composed of a plurality of dielectric ceramic
layers, a plurality of inner electrodes as formed between
the dielectric ceramic layers in such a manner that one end
of each inner electrode is exposed out of either end of the
dielectric ceramic layers, and outer electrodes as
electrically connected with the exposed inner electrodes,
and 1is characterized in that the inner electrodes each are
made of a base metal and that S1i oxide layers are formed
adjacent to the inner electrodes. As having this
constitution, the dielectric ceramic layers in the
monolithic ceramic capacitor of the invention having inner
electrodes of a base metal are improved, and the capacitor
has excellent thermal impact resistance and wet load
resistance characteristics.

Specifically, in the monolithic ceramic capacitor of
the invention, Si gathers around <t¢he inner electrodes
during baking and is 1liable to form a liquid phase
therearound, resulting in that the Si oxide layers are
liable to spread over the entire surfaces of the electrodes.
Accordingly, in this, the bonding between the inner

electrodes and the dielectric ceramic layers is enhanced,

This Sheet Has Been Replaced




t her mal i npact

| ayer is a mxture of oxides of nmetals such as NN, Si and Al which

originate /P332 el ectrode paste. Further, firing is carried out
under a non-oxidative condition, e.g. 1.5%of Herr] - 98.5%o0of Nerr].

t he ot her

hand, Japanese Patent Application Laid- Open No. 3-133114

di scl oses nonolithic ceram c chip capacitors, in which oxide |ayers
conprising conponents that are different fromthose constituting the

dielectric layers are forned around the inner electrodes. 1In this, the

sanpl es arefﬁé{é%y'ﬂ&ﬁ?&@%%%h%héstﬂéxmgg impggﬁo%g§hékance and the wet

load resistance characteristics of the capacitor.

The Si oxide layers formed adjacent to the inner
electrodes in the capacitor of the invention may be any of
deposits derived from the dielectric ceramic layers and
those derived from the inner electrodes. Preferably, the
Si oxide layers are deposits derived from the dielectric
ceramic layers, as being effective in enlarging the
capacitance of the capacitor and in reducing the equivalent
series resistance thereof.

The composition of the dielectric ceramic layers
constituting the capacitor of the present invention is not
specifically defined. For example, usable herein are
various dielectric ceramic compositions consisting
essentially of BaTiO; or SrTiO;. For the reasons mentioned
above, preferably used are dielectric ceramic compositions
comprising Si oxides.

The present invention also provides a monolithic
ceramic capacitor which is composed of a plurality of
dielectric ceramic layers, a plurality of inner electrodes
as formed between the dielectric ceramic layers in such a
manner that one end of each inner electrode is exposed out
of either end of the dielectric ceramic layers, and outer
electrodes as electrically connected with the exposed inner

electrodes, and which 1is characterized in that the inner
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concentration for t he pur pose  of improving their reliability in
hi gh-tenperature | oad tests. However, this baking nethod is ineffective in
i mprovi ng tHY&3IIS-BBI® | npact resistance and the wet | oad resistance of the
capacitors In the ceram c chip capacitor mangane oxide |layer is forned
around an I nt er nal el ectrode. Oxi des of Si/Ca/Bal/TilZr/P which
originate in the dielectric material nmay be included in the mangane oxi de

| ayer.

electrodes each are made of a base metal and that compound
layers comprising am Si oxide and at least one component
that constitutes said dielectric ceramic layers and said
inner electrodes are formed adjacent to the inner
electrodes. As having this constitution, the dielectric
ceramic layers in the monolithic ceramic capacitor of the
invention having inner electrodes of a base metal are
improved, and the capacitor has excellent thermal impact
resistance and wet load resistance characteristics.

Specifically, in the monolithic ceramic capacitor of
that type of the invention, Si gathers around the inner
electrodes during baking and is liable to form a liquid
phase therearound, resulting in that the Si-containing
oxide layers are liable to spread over the entire surfaces
of the electrodes. Accordingly, in this, the bonding
between the inner electrodes and the dielectric ceramic
layers is enhanced, thereby improving the thermal impact
resistance and the wet load resistance characteristics of
the capacitor.

The compound layers comprising an Si oxide and at
least one component that constitutes the dielectric ceramic
layers and the inner electrodes, which are formed adjacent
to the inner electrodes in the capacitor of the invention,
may be any of deposits derived from the dielectric ceramic

layers and those derived from the inner electrodes.
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5 SUMWWARY OF THE | NVENTI ON The subject matter of the present
to inprove the dielectric ceramc |layers constituting a nonolithic ceramc
capaci tor ha830B3-nEr el ectrodes of a base netal, thereby providing
ceram c capacitor having excellent thermal inpact resistance
and wet | oad resistance characteristics. The present invention has been
made i n consideration of the above-nentioned object. The present invention

monol ithic

provi des a nonolithic ceram c capacitor conposed of a plurality of
dielectric ceramc

Preferably, the compound layers are deposits derived from
the dielectric ceramic 1layers, as being effective in
enlarging the capacitance of the capacitor and in reducing
the equivalent series resistance thereof.

The composition of the dielectric ceramic layers
constituting the capacitor of that type of the present
invention is not specifically defined. For example, usable
herein are wvarious dielectric <ceramic compositions
consisting essentially of BaTiO; or SrTiO;. For the
reasons mentioned above, preferably used are dielectric
ceramic compositions comprising Si oxides.

Even base metals are usable to produce the inner
electrodes constituting the capacitor of the invention.
The composition of the base metals for use in the present
invention is not specifically defined. For these, for
example, concretely referred to are Ni, Ni alloys, Cu and
Cu alloys. Preferred are Ni and Ni alloys, since higher
sintering temperatures may be applicable to these.

The composition of the outer electrodes constituting
the capacitor of the present invention is not limited. For
example, the outer electrodes constituting the capacitor of
the invention may be any of sintered layers of
electroconductive powder of Ag, Pd, Ni or the like. That
is, usable herein are so-called baked electrodes. The

sintered layers for the outer electrodes may comprise such
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| ayers, a plurality of inner electrodes as fornmed between the dielectric
ceram c layers in such a nmanner that one end of each inner electrode is
exposed out3@¥0H32-HE39 end of the dielectric ceramic layers, and outer
el ectrodes as electrically connected with the exposed inner el ectrodes,
which is characterized in that the inner electrodes each are nade of a base
nmetal and that Si oxide |ayers are fornmed adjacent to the inner el ectrodes.
The invention al so provides a nonolithic ceram c capacitor conposed of a
plurality of dielectric ceramic layers, a plurality of inner electrodes as

Formed bet Ve { AKHAIRGVE SR $nd 2YPLSs ' PreHC£2 JIRIRES iflestne end
The glass frit may include, for example, B;03-Li,0-Si0,-Bao0,
B;03~5i0,~Ba0, Li,0-§i0,-Ba0, and B;03-Si0,-Zn0.

The sintered layers may be coated with a metal plate
layer of, for example, Ni, Cu, Ni-Cu or the like, which may
be further coated with an additional plate layer of, for
example, solder, tin or the like.

Now, the present invention is described more
concretely hereinunder with reference to Examples, which,
however, are not intended to restrict the scope of the
invention.

Some embodiments of the monolithic ceramic capacitor
of the present invention are referred to. Fig. 1 to Fig. 4
are cross~sectional views illustrating different
embodiments of the monolithic ceramic capacitor of the
invention.

As illustrated, the monolithic ceramic capacitor 1 of
the invention is a rectangular parallelepiped, chip-~type
capacitor, which comprises a ceramic laminate 3 as produced
by laminating a plurality of dielectric ceramic lavers 2a,
2b via an inner electrode 4 therecbetween; outer electrodes
5 formed at the both ends of the ceramic laminate 3; a
first plate layer 6 of nickel, copper or the like as formed

on each outer electrode 5; and a second plate layer 7 of
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of each inner electrode is exposed out of either end of the dielectric
ceramc layers, and outer electrodes as 6 electrically connected
with the exp68@d32ndd® el ectrodes, which is characterized in that the inner
el ectrodes each are made of a base netal and that conpound | ayers
conprising an Si oxide and at | east one conponent that constitutes said
dielectric ceramc layers and said inner electrodes are forned adjacent to

the i nner el ectrodes.

solder, tin or the like as formed on each first plate layer
6.

Now, a method for producing the monolithic ceramic
capacitor 1 of the invention is described below in the
order of the steps constituting the method.

First, the ceramic laminate 3 is produced as follows.
A non-reducing, dielectric ceramic composition is formed
into a slurry, and then sheeted to prepare dielectric
ceramic layers 2 (green sheets). On one surface of each
green sheet, formed is an internal electrode 4 of nickel or
a nickel alloy. To form the internal electrode 4,
employable is any method of screen printing, metal vapor
deposition or plating.

A predetermined number of the dielectric ceramic
layers 2b each with the inner electrode 4 formed thereon
are léminated, and then sandwiched between two dielectric
ceramic layers 2s with no inner electrode 4. Next, the
thus-laminated dielectric ceramic layers 2a, 2b, . . . 2b,
2a are baked in a reducing atmosphere at a predetermined
temperature to give the ceramic laminate 3.

Next, on the both sides of the ceramic 1laminate 3,
formed are two outer electrodes 5 that are connected with
the inner electrodes 4. The material of the outer
electrodes 5 may be the same as that of the inner

electrodes 4. Apart from this, silver, palladium, silver-
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In the nonolithic ceram c capacitor of the invention, the base netal is
preferably NI or an N alloy. In the nonolithic ceram c capacitor of the

i nvention, ¥Hi%03&&st33%he conponent constituting the dielectric ceranic

| ayers is preferably an Si oxide. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1

Is a cross-sectional viewillustrating one enbodi nent of the nmonolithic
ceram c capacitor of the present invention. Fig. 2 is a cross-sectional
view illustrating anot her enbodi nent of the nonolithic ceram c capacitor of

the present invention.
palladium alloys, copper, copper alloys and others can be

used as the material of the outer electrodes 5. I1If desired,
also usable are mixtures comprising powder of such metal
material -and glass frit of, for example, B;03;-5i0,-Ba0,
Li,0-8i0,~Ba0 or the like. Anyhow, suitable materials are
selected for the outer electrodes 5, in consideration of
the use of the monolithic ceramic capacitor and the site at
which the capacitor is used. The outer electrodes 5 can be
formed by applying a paste material of metal powder onto
the baked, ceramic laminate 3 followed by baking Iit.
Alternatively, the paste material can be applied onto the
non-baked ceramic laminate 3, which is baked all at a time.
After this, the outer electrodes 5 may be plated with
nickel, copper or the like to form a first plate layer 6
thereon. Last, the first plate layer 6 is coated with a
second plate layer 7 of solder, tin or the like. Thus is
produced the chip-type, monolithic ceramic capacitor 1.

As in Fig. 1 to Fig. 4, (a) Si oxide layers, or (b)
compound layers comprising an Si oxide and at least one
component constituting the dielectric ceramic layers and
inner electrodes are formed adjacent to the inner
electrodes 4, and these are in any of the conditions
mentioned below. The layers (a) and (b) are hereinafter

referred to as Si-containing interlayers 8.

This Sheet Has Been Rep :

Wil o

13




Fig. 3 is a cross-sectional viewillustrating still another enbodi nent of
the nonolithic ceram c capacitor of the present invention. Fig. 4 is a
Cross-sect is@9al332-889i |  ustrating still another enbodi nent of the

nmonol ithic ceram c capacitor of the present invention. PREFERRED

EVMBODI MENTS OF THE | NVENTI ON The nonolithic ceram c capacitor of the
present invention is conposed of a plurality of dielectric ceramc

(1) The Si-containing interlayers 8 cover almost
entirely the both main surfaces of each inner electrode 4,
while forming the first layers 8a that face each other via
the inner electrode 4 (Fig. 1).

(2) The Si-containing interlayers 8 cover partly and
randomly the both main surfaces of each inner electrode 4,
while forming the first layers 8a that face each other via
the inner electrode 4 (Fig. 2).

(3) The Si-containing interlayers 8 cover almost
entirely the both main surfaces of each inner electrode 4,
while forming different first layers 8a and second layers
8b that face each other via the inner electrode 4 (Fig. 3).

(4) The Si-containing interlayers 8 cover partly and
randomly the both main surfaces of each inner electrode 4,
while forming the first layers 8a that face each other via
the inner electrode 4 and forming the second layers 8b that
cover the first layers 8a and face each other via the inner
electrode 4 (Fig. 4).

Now, the constitution of the monolithic ceramic
capacitor of the invention 1is described in more detail
hereinunder with reference to the following Examples.

EXAMPLE 1

First, raw materials of TiCl, and Ba(NO3); having

various degrees of purity were prepared and weighed. These

were treated with oxalic acid to obtain a precipitate of
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layers, a plurality of inner electrodes as fornmed between the dielectric
ceram c layers in such a nmanner that one end of each inner electrode is
exposed out>3@¥0B33-hE¥% end of the dielectric ceramc |ayers, and outer
el ectrodes as electrically connected with the exposed inner el ectrodes,
and is characterized in that the inner el ectrodes each are made of a base
nmetal and that Si oxide |ayers are fornmed adjacent to the inner

el ectrodes. As having this constitution, the dielectric ceramc

| ayers in the nonol ithic ceram c capacitor of the invention having inner

el ectrodes ply Aupase JIRNAloANa LM EITE 365 05 2P 1L p RS UG BNt

t her mal |npact resi starice an
was decomposed under heat at 1000°C or higher to give

barium titanate (BaTiO3) having a molar ratio of Ba/Ti of
1.0.

Next prepared were BaCO;, which is to vary the molar
ratio of Ba/Ti of this barium titanate, and also Y,03, Dy;0s,
MnCO3, NiO, Co0;03 and MgO each having a purity of 99 % or
highero The thus~prepared, powdery materials were
formulated to give a composition consisting essentially of
a main component of 97.0{Ba0}1.010°Ti0; + 0.7Y¥,03 + 0.3Dy,0;3
+ 0.6Mn0O + 0.7NiO + 0.7Co0 (as mol%) and containing 1.2
mol%, relative to said main component of being 100 mol%, of
MgO, to which was added 1.5 wt.%, relative to the sum of
said main component and MgO of being 100 wt.%, of oxide
glass consisting essentially of Li,0-(Ti0;°Si0,)-Al,0;.
Next, a polyvinyl butyral binder and an organic solvent,
such as ethanol or the like, were added thereto, and wet-
milled in a ball mill to prepare a ceramic slurry. The
resulting ceramic slurry was sheeted according to doctor
blading to obtain a rectangular, green sheet having a
thickness of 11 um.

Next, an electroconductive paste consisting
essentially of Ni was printed on this ceramic green sheet,

according to screen printing, to form thereon an
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resi stance characteristics. Specifically, in the nonolithic ceramc
capacitor of the invention, Si gathers around the inner electrodes during
baki ng and 583033 33%0 forma |iquid phase therearound, resulting in that
the Si oxide layers are liable to spread over the entire surfaces of the
el ectrodes. Accordingly, in this, the bonding between the inner el ectrodes
and the dielectric ceramc |layers is enhanced, 8

electroconductive paste layer, which is formed into an
inner electrode.

A plurality of these ceramic green sheets each having
the electroconductive paste layer formed thereon were
laminated in such a manner that the side of one sheet with
the electroconductive paste exposed out of it was
alternated with that of another sheet with the
electroconductive paste not exposed out of it. Thus was
obtained a laminate. This laminate was heated in an N;
atmosphere at 350°C whereby the binder was burnt out, and
then baked in a reducing atmosphere comprising gases of Hy,
N; and H;0 under the condition indicated in Table 1. Thus
were obtained herein various ceramic laminates as shown in
Table 1. To bake them, the samples were kept heated at
1300°C for 2 hours, and the heating speed and the cooling
speed were both 200°C/hr.

A silver paste was applied onto the both sides of each
sintered ceramic laminate, and again baked in an N,
atmosphere at 600°C to thereby form outer electrodes as
electrically connected with the inner electrodes.

Next, the outer electrodes were coated with an Ni
plate film, which was further coated with a solder plate
film.

The outer dimension of each of these monolithic

ceramic capacitors thus obtained was 1.6 mm width x 3.2 mm
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t hereby inproving the thermal inpact resistance and the wet | oad resistance
characteristics of the capacitor. The Si oxide |layers fornmed adjacent to
the inner e@uyyxdasa n the capacitor of the invention may be any of
deposits derived fromthe dielectric ceramc |ayers and those derived from
the inner electrodes. Preferably, the Si oxide |ayers are deposits derived
fromthe dielectric ceramc |layers, as being effective in enlarging the
capaci tance of the capacitor and in reducing the equival ent series

resi stance thereof. The conposition of the dielectric ceramc |ayers

constituting the capacitor of the present invention iis not
f%ngth xp 1.2 mm thickgess, and the thickness of each

dielectric ceramic layer as sandwiched between the inner
electrodes was 6 um. The total number of the effective
dielectric ceramic layers was 150.

To determine the thermal impact resistance of the
capacitors produced herein, 50 pieces of each sample were
subjected to a thermal impact test, in which the test
pieces each as pinched in a pair of tweezers were dipped in
a solder tank kept at 300°C or 325°C for a few seconds.
After having been hardened with a resin, the samples were
polished and then observed with a microscope to check the
presence or absence of cracks formed.

To determine the wet load resistance of the capacitors,
72 pieces of each sample were subjected to a wet load test,
in which a direct current voltage of 16 V was applied to
each test pilece under a pressure of 2 atmospheres, at a
relative humidity of 100 % and at a temperature of 121°C,
while measuring the insulating resistance of each test
piece which varied time-dependently. In this test, the
number of the tested pieces which showed an insulating
resistance (R) of 10°® Q or lower within a period of 250
hours and which therefore failed in this test was counted.

To confirm the presence of the Si-containing
interlayers existing adjacent to the inner electrodes, each

sample was subjected to EPMA analysis.

This Sheet Has Been Replaced

AR 5



specifically defined. For exanple, wusable herein are various
dielectric ceramc conposi tions consisting essentially of BaTi O3 or
SrTi 3. For5@HB332abiPhs nentioned above, preferably used are dielectric
ceram c conpositions conprising Si oxides. The present invention al so

provi des a nonolithic ceram c capacitor which is conposed of a plurality of
dielectric ceramc layers, a plurality of inner electrodes as forned
between the dielectric ceranmic layers in such a manner that one end of each
i nner el ectrode is exposed out of either end of the dielectric ceramc
:ﬁ%gs, and out et £l Geh199°%535 1880 h' €AY £ODPSCLAY Mdh LIE RHSed

o TABLE 1
Sample No. Oxygen Prassure Si-Containing | Thermal Impact Test | Woet Load Test
at 1300°C (MPa) interlayers 300°C 325°C
1-1 1012 No 350 | 7750 3/72
1-2 g1 No 1/50 4/50 2[72
1-3 1010 Yes 0/50 0/50 0/72
i-4 108 Yes 0/50 0/50 0/72
1-5 106 Yes As cracked, the sample could not be tested.

In Sample No. 1-1 and Sample No. 1-2 which had been
sintered in the atmosphere having an oxygen concentration
of 10-1! MPa or lower, Si-containing interlayers were not
formed; while in Sample Nos. 1-3, 1-4 and 1-5 which had
been sintered in the atmosphere having an oxygen
concentration of 10-19 MPa or higher, formed were
interlayers comprising oxides of Si, rare earth elements,
Mn, Ni, Co and Mg around the inner electrodes, as in Figs.
1 to 4. The interlayers were formed especially greatly
around the inner electrodes nearest to the both main
surfaces of the laminate and around the edges of the other
inner electrodes. However, Sample No. 1-5 was cracked
owing to the peroxidation of the inner electrodes, and was
not worthy of being evaluated as a capacitor.

Referring to the data in the thermal resistance test

and the wet load test, some of the test pieces of Sample
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el ectrodes, and which is characterized in that the inner el ectrodes each
are nmade of a base netal and that conpound | ayers conprising an Si oxide
and at | eas’3o®0s3za@3dPnent that constitutes said dielectric ceramc |ayers
and said inner electrodes are fornmed adjacent to the inner electrodes. As
having this constitution, the dielectric ceramc layers in the nonolithic
ceram c capacitor of the invention having inner el ectrodes of a base netal
are inproved, and the capacitor has excellent thermal inpact

Nos. 1-1 and 1-2, in which no Si-containing interlayers had
been formed, failed in these tests; while none of the test
pieces of Sample Nos. 1-3 and 1-4 having Si-containing
interlayers failed.

These data verify that the Si-containing interlayers
formed in the capacitor samples are effective in improving
the reliability of the samples in the thermal impact test
and the wet load test.

The Si-containing interlayers were formed when the
ceramic laminates were baked in the atmosphere having a
relatively high oxygen concentration. For forming such Si-
containing interlayers, it is effective to bake ceramic
laminates in atmospheres having a higher oxygen
concentration at higher temperatures.

The Si-containing interlayers are not limited to only
those formed through baking, but could be formed through
post heat-treatment after baking with no problem.

EXAMPLE 2

First, raw materials of TiCl, and Ba(NO3); having
various degrees of purity were prepared and weighed. These
were treated with oxalic acid to obtain a precipitate of
barium titanyl oxalate (BaTiO(C,04)°4H,0). This precipitate
was decompocsed under heat at 1000°C or higher to give

barium titanate (BaTiO;) having a molar ratio of Ba/Ti of

1.0.
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resi stance and wet | oad resistance characteristics. Specifically, in the
nmonol ithic ceram c capacitor of that type of the invention, Si gathers
around the 30833324339 rodes during baking and is liable to forma liquid
phase therearound, resulting in that the Si-containing oxide |layers are

| iable to spread over the entire surfaces of the electrodes.

Accordingly, in this, the bonding between the inner el ectrodes and the
dielectric ceramc layers is enhanced, thereby inproving the thermal inpact
resistance and the wet |oad resistance characteristics of the capacitor.

The conpound layﬁé)?t n@éa‘z?e&gkfzere OCB( %o%B;;dg aéaco3, MnCO;, MgO and
Si0; each having a purity of 99 % or higher. The thus-
prepared, powdery materials were formulated to give a
composition consisting essentially of a main component of
96.5BaTiO3 + 1.5H003 + 2.0C0;0; (as mol%) and containing
0.5 mol% of BaO, 1.5 mol% of MnO, 2.0 mol% of MgO and 2.0
mol% of Si0;, all relative to said main component of being
100 mol%. Next, a polyvinyl butyral binder and an organic
solvent, such as ethanol or the like, were added thereto,
and wet-milled in a ball mill to prepare a ceramic slurry.
The resulting ceramic slurry was sheeted according to
doctor blading to obtain a rectangular, green sheet having
a thickness of 11 um.

Next, an electroconductive paste consisting
essentially of Ni was printed on this ceramic green sheet,
according to screen printing, to form thereon an
electroconductive paste layer, which is formed into an
inner electrode.

A plurality of these ceramic green sheets each having
the electroconductive paste layer formed thereon were
laminated in such a manner that the side of one sheet with
the electroconductive paste exposed out of it was
alternated with that of another sheet with the
electroconductive paste not exposed out of it. Thus was

obtained a laminate. This laminate was heated in an N,
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| east one conponent that constitutes the dielectric ceramc |ayers and the
I nner el ectrodes, which are fornmed adjacent to the inner electrodes in the
capaci tor d0g0a34d-+B&nti on, may be any of deposits derived fromthe
dielectric ceramc |layers and those derived fromthe inner el ectrodes.

10 Preferably, the conmpound | ayers are deposits derived fromthe dielectric
ceram c |ayers, as being effective in enlarging the capacitance of the
capacitor and in reducing

atmosphere at 350°C whereby the binder was burnt out, and
then baked in a reducing atmosphere comprising gases of Hj,
N, and H,0 under the condition indicated in Table 2. Thus
were obtained herein various ceramic laminates as shown in
Table 2. To bake them, the samples were kept heated at
1300°C for 2 hours, and the heating speed and the cooling
speed were both 200°C/hr.

A silver paste was applied onto the both sides of each
sintered ceramic Jlaminate, and again baked in an Np
atmosphere at 600°C to thereby form outer electrodes as
electrically connected with the inner electrodes.

Next, the outer electrodes were coated with an Ni
plate film, which was further coated with a solder plate
film.

The outer dimension of each of these monolithic
ceramic capacitors thus obtained was 1.6 mm width x 3.2 mm
length x 1.2 mm thickness, and the thickness of each
dielectric ceramic layer as sandwiched between the inner
electrodes was 6 um. The total number of the effective
dielectric ceramic layers was 150.

To determine the thermal impact resistance of the
capacitors produced herein, 50 pieces of each sample were
subjected to a thermal impact test, in which the test
pieces each as pinched in a pair of tweezers were dipped in

a solder tank kept at 300°C or 325°C for a few seconds.
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t he equi val ent series resistance thereof.

The conposition of the dielectric

ceram c |layers constituting the capacitor of that type of the present

i nvention isopw33zpeydfically defined. For exanple,
cerami c conpositions consisting

various dielectric
BaTiG3 or SITige

usabl e herein are
essentially of

rrj. For the reasons nentioned above, preferably used

are dielectric ceram c conpositions conprising Si oxides.
are usable to produce the inner el ectrodes constituting the capacitor of
the invention. The conposition of the base netals for use in the present

i nvention is _not sg
After h

ving

i fically. defi
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t hese,

Even base netal s

f?{
resin, the samples were

polished and then observed with a microscope to check the

presence or absence of cracks formed.

To determine the wet load resistance of the capacitors,

72 pieces of each sample were subjected to a wet load test,

in which a direct current voltage of 16 V was applied to

each tes

t piece under a pressure of 2 atmospheres, at a

relative humidity of 100 % and at a temperature of 121°C,

while measuring the insulating resistance of each test

piece which varied time-dependently.

In this test, the

number of the tested pieces which showed an insulating

resistance (R) of 10® Q or lower within a period of 250

hours and which therefore failed in this test was counted.

To

confirm the

presence

of the Si-containing

interlayers existing adjacent to the inner electrodes, each

sample was subjected to EPMA analysis.

The results obtained in these tests are shown in Table

2.
TABLE 2
Sample No. Oxygen Pressure Si-Containing | Thermal Impact Test | Wet Load Test
at 1300°C {MPa) interlayers 300°C 325°C

2-1 1012 No 4/50 6/50 5/72

2-2 o No 1/50 3/50 3/72

2-3 1g-10 Yes 0/50 0/50 0/72

2-4 108 Yes 0/50 0/50 0/72

2.5 106 Yes As cracked, the sample could not be tested.
Thﬁi’heet Has Been Replaced
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exanpl e,

concretely referred to are Ni, N alloys, Cu and Cu all oys.

Preferred are NN and Ni alloys, since higher sintering tenperatures nmay be
appl i cabl e 3@303xE56339The conposition of the outer el ectrodes constituting

the capacitor of the present invention is not limted. For exanple, the

of

outer el ectrodes constituting the capacitor of the invention may be any
sintered |ayers of electroconductive powder of Ag, Pd, N or the
is, usable herein are so-called baked el ectrodes. The sintered

l'i ke.

That

| ayers for the outer el ectrodes may conprise such

In Sample No. 2-1 and Sample No. 2-2 which had been
sintered in the atmosphere having an oxygen concentration
of 10-1! MPa or lower, Si-containing interlayers were not
formed; while in Sample Nos. 2-3, 2-4 and 2-5 which had
been sintered in the atmosphere having an oxygen
concentration of 10-19 Mpa or Thigher, formed were
interlayers comprising oxides of Si, rare earth elements,
Mn, Ni, Co and Mg, as in Figs. 1 to 4. The interlayers
were formed especially greatly around the inner electrodes
nearest to the both main surfaces of the laminate and
around the edges of the other inner electrodes. However,
Sample No. 2-5 was cracked owing to the peroxidation of the
inner electrodes, and was not worthy of being evaluated as
a capacitor.

Referring to the data in the thermal resistance test
and the wet load test, some of the test pieces of Sample
Nos. 2-1 and 2~2, in which no Si-containing interlayers had
been formed, failed in these tests; while none of the test
pieces of Sample Nos. 2-3 and 2-4 having Si-containing
interlayers failed.

These data verify that the Si-containing interlayers
formed in the capacitor samples are effective in improving
the reliability of the samples in the thermal impact test

and the wet load test.
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el ectroconductive powder and glass frit of various types. The glass frit
may include, for exanple, Blerr]Jerr]-Li[err]OSiJerr]-Ba0

Blerr]J errjoBIxd 2332 BaO Li[err]OSiJerr]-Ba0, and
Blerr]Jerr]-Sigerr]-ZnO The sintered |ayers may be coated with a netal
plate layer of, for exanple, Ni, Cu, Ni-Cu or the like, which may be
further coated with an additional plate |ayer of, for exanple, solder, tin
or the Iike. Now, the present i nvention is described nore
concretely hereinunder with reference to Exanples, which, however, are not

| ntended to restfﬂec t s%h?:o%%QEEiSf; tir}ﬁ:eelrrl\é%rz]etrlsonWere formed when the

ceramic laminates were baked in the atmosphere having a
relatively high oxygen concentration. For forming such Si-
containing interlayers, it is effective to bake ceramic
laminates in  atmospheres having a . higher oxygen
concentration at higher temperatures.

The Si-containing interlayers are not limited to only
those formed through baking, but could be formed through
post heat-treatment after baking with no problem.

In accordance with the examples 1 and 2, acceptable
oxygen pressure ranges from 10™'° to 10™° MPa at 1300°C. The
equilibrium oxgen pertial pressure of Ni/NiO is 107 Mpa
at 1300cC.

From this, it is preferable that firing is carried out
an oxygen pressure near or under the equilibrium oxygen
partial pressure of M/MO (M is a metal forming an internal
electrode). And, the lower limit of the oxygen partial
pressure is preferably 1/1000 of the egquilibrium oxygen
partial pressure of M/MO. If the oxygen partial pressure
is lower than the above-limit, oxidation of Si around the
inner electrode is not well promoted.

Also, it is expected that when firing is carried out
at an oxygen partial pressure larger than the equilibrium
oxygen partial pressure of M/MO, metal included in the

internal electrode will be oxidized.
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Sonme enbodi nents of the nonolithic ceram c capacitor of the present

I nvention are referred to. Fig. 1 to Fig. 4 are cross-sectional Vi ews
illustrati p9033di-f¥xrent enbodi nents of the nonolithic ceram c capacitor
of the invention. As illustrated, the nonolithic ceram c capacitor 1 of the

I nvention is a rectangul ar parall el epi ped, chip-type capacitor, which

conprises a ceramc lamnate 3 as produced by lamnating a plurality of
dielectric ceramic layers 2a, 2b via an inner electrode 4 therebetween;
outer electrodes 5 forned at the both ends of the ceramc lamnate 3; a

first plate layer 6 of nickel, coppE&AgﬁL%hg i ke as forned

Two different samples were prepared herein. One was
comprised of the same main component of the dielectric
ceramic composition as in Example 1 and 1.0 wt.%, relative
to 100 wt.% of the dielectric ceramic composition, of the
same oxide glass containing $i0O; as in Example 1; while the
other was comprised of only the main component of the
dielectric ceramic composition but not contained the oxide
glass. Using these, monolithic ceramic capacitors were
formed in the same manner as in Example 1. The oxygen
concentration in the baking atmosphere used herein was the
same as that for the baking of Sample No. 1-4 shown in
Table 1. The baking temperature for the former sample
containing the oxide glass was 1300°C; while that for the
latter sample not containing the oxide glass was 1380°C.
The higher temperature for the latter was to compensate the
sintering insufficiency.

To determine the thermal impact resistance of the
capacitors produced herein, 50 pieces of each sample were
subjected to a thermal impact test, in which the test
pieces each as pinched in a pair of tweezers were dipped in
a solder tank kept at 300°C or 325°C for a few seconds.
After having been hardened with a resin, the samples were
polished and then observed with a microscope to check the

presence or absence of cracks formed.
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on each outer electrode 5; and a second plate |ayer 7 of 12 solder, tin
or the like as forned on each first plate layer 6. Now, a nethod for
produci ng t3os0B®Pel3itehi ¢ ceramic capacitor 1 of the invention is described
below in the order of the steps constituting the nethod. First, the ceramc
| am nate 3 is produced as follows. A non-reducing, dielectric ceramc
conposition is forned

To determine the wet load resistance of the capacitors,
72 pieces of each sample were subjected to a wet load test,
in which a direct current voltage of 16 V was applied to
each test piece under a pressure of 2 atmospheres, at a
relative humidity of 100 % and at a temperature of 121°C,
while measuring the insulating resistance of each test
piece which wvaried time-dependently. In this test, the
number of the tested pieces which showed an insulating
resistance (R) of 106 Q or lower within a period of 250
hours and which therefore failed in this test was counted.

To confirm the presence of the Si-containing
interlayers existing adjacent to the inner electrodes, each
sample was subjected to EPMA analysis.

The results obtained in these tests are shown in Table

TABLE 3

Sampie No. Glass Component Si-Containing | Thermal Impact Test | Wet Load Test
Interlayers 300°C 325°C
3-1 1.0 wvt.% added. Yes 0/50 0/50 072
3-2 Not added. No /50 12/50 872

In Sample No. 3-1 containing the oxide glass, formed
were interlayers comprising oxides of 8Si, rare earth
elements, Mn, Ni, Co and Mg, as in Figs. 1 to 4; while in
Sample No. 3-2 not containing the oxide glass, no Si-

containing layers were formed.
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into a slurry,

and then sheeted to prepare dielectric ceramc |ayers 2

(green sheets). On one surface of each green sheet, forned is an internal
el ectrode 45@dposizrkeigor a nickel alloy. To form the interna

el ectrode

4, enployable is any nethod of screen printing, netal vapor
deposition or plating. A predeterm ned nunber of the dielectric ceramc
| ayers 2b each with the inner electrode 4 forned thereon are | am nated,
t hen sandwi ched between two dielectric ceranmc layers 2s with no inner
el ectrode 4. Next, the thus-lamnated dielectric ceramc |ayers 2a, 2b,

2b, 2a are baked in a reducing at mpsphere at a predeterm ned
a

Referring to the ta in the thermal resistance test
and the wet load test, none of the test pieces of Sample No.
3-1 having Si-containing interlayers failed in these tests;
while some of the test pieces of Sample No. 3-2, in which
no Si-containing interlayers had been formed, failed in
both the thermal resistance test and the wet load test.

These data verify that the Si-containing interlayers
fbrmed in the sample are effective in improving the
reliability of the sample in the thermal impact test and
the wet load test.

The Si-containing interlayerxrs were formed when the
ceramic laminate was baked in the atmosphere having a
relatively high oxygen concentration. For forming such Si-
containing interlayers, it 1is effective to bake ceramic
laminates in atmospheres having a higher oxygen
concentration at higher temperatures.

The Si-containing interlayers are not limited to only
those formed through baking, but could be formed through
post heat-treatment after baking with no problem.

As having Si-containing interlayers around the
interfaces between the inner electrodes of a base metal and
the dielectric ceramic layers, the monolithic ceramic
capacitor of the present invention has better thermal

impact resistance and wet load resistance characteristics

than any other conventional ones.
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tenperature to give the ceramic lamnate 3. Next, on the both sides of the
ceranmic lamnate 3, forned are two outer electrodes 5 that are connect ed
with the i308r332I3@ rodes 4. The mmaterial of the outer electrodes
5 may be the sanme as that of the inner electrodes 4. Apart fromthis,
silver, palladium silver- 13 pal | adi um al | oys, copper, copper alloys
and others can be used as the material of the outer electrodes 5. |f
desired,

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from

the spirit and scope thereof.
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al so usable are m xtures conprising powder of such nmetal material and gl ass
frit of, for exanple, Blerr]Jerr]-SigJerr]-Ba0 Li[err]OSi (Jerr]-BaO or
the |ike. Anpylcwy-3dictable materials are selected for the outer el ectrodes
5, in consideration of the use of the nonolithic ceranidﬁbépadhtﬂknaamm&he
site at which the capacitor is used. The outer el ectrodes! 'S &iber migrmed
by applying a paste material of netal powder onto the bake: eram c

| aminate 3 fol lowed by baking it. Alternatively, the pasbzﬂﬁgﬁﬁwﬁﬁwmé@h be
applied onto the non-baked ceramc |lamnate 3, which is baked all at a
time. After this, the outer electrodes 5 may be plated with nickel, copper

or the |ikd&HF I&§r FLAIMEPSESpl ate | ayer 6

1. A monolithic ceramic capacitor comprising;

a plurality of dielectric ceramic layers,

a plurality of inner electrodes as formed between the
dielectric ceramic layers in such a2 manner that one end of
each inner electrode is exposed out of either end of the
dielectric ceramic layers, and

outer electrodes as electrically connected with the
exposed inner electrodes,

the monolithic ceramic capacitor being characterized
in that;

the inner electrodes each are made of a base metal,
and Si oxide layers are formed adjacent to the inner

electrodes.

2. A monolithic ceramic capacitor comprising;

a plurality of dielectric ceramic layers,

a plurality of inner electrodes as formed between the
dielectric ceramic layers in such a manner that one end of
each inner electrode is exposed out of either end of the
dielectric ceramic layers, and

outer electrodes as electrically connected with the
exposed inner electrodes,

the monolithic ceramic capacitor being characterized

A

in that;

29



t her eon.
7 of sol der,

Last,

the first plate layer 6 is coated with a second plate |ayer

tin or the like. Thus is produced the chip-type, nDnollthlc

ceram c cafErda3p2-B39%s in Fig. 1 to Fig. 4, (a) Si oxldeShkal eﬁfieﬁtﬂ“‘&?r f(e )
conpound |l ayers conprising an Si oxide and at |east one!'t8fp F A
constituting the dielectric ceramc |layers and inner e“ﬁﬁ&(@gmmulﬁm@

f or ned

adjacent to the inner electrodes 4, and these are 1 n any of

conditions nmentioned below. The layers (a) and (b) are hereinafter
referred to as Si-containing interlayers 8.

the inner electrodes each are made of a base metal,
and compound layers comprising an Si oxide and at least one
component that constitutes said dielectric ceramic layers
and said inner electrodes are formed adjacent to the inner

electrodes.

3. The monolithic ceramic capacitor as claimed in

claim 1 or 2, wherein said base metal is Ni or an Ni alloy.

4. The monolithic ceramic capacitor as claimed in
any one of claims 1 tc 3, wherein at least one component

constituting said dielectric ceramic layers is an Si oxide.

5. A method of producing a monolithic ceramic
capacitor comprising the steps of:

providing a ceramic green sheet including barium
titanate as a main component, magnesium oxide as a sub
component, and oxide glass including Lis0O={Ti0:25i02)-Al20s3
as a main component;

depositing an inner electrode including a metal M on
said green sheet;

laminating at last two of said green sheets;

firing said laminated body at substantially

I
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14 (1) The Si-containing interlayers 8 cover alnost entirely the both
mai n surfaces of each inner electrode 4, while forning”mﬁemﬂmﬁa&nh§M§&§ 8a

that face e2@%0d3hei3%¥ia the inner electrode 4 (Fig. 1)[[JE) ;
Si-containing interlayers 8 cover partly and randomy t wﬂr}iﬂ
surfaces of each inner electrode 4, while formng the firs t hat
face each other via the inner electrode 4 (Fig. 2). (3) The

Si-containing interlayers 8 cover alnost entirely the both nmain surfaces
of each inner electrode 4,

depositing an external electrode which is
electronically connected to said inner electrode, on the

outer surface of said laminated body.

6. A method of producing a monolithic ceramic
capacitor according to claim 5, wherein said metal M is one

of base metals.

7. A method of producing a monolithic ceramic
capacitor according to claim 6, wherein said base metal is

nickel.

8. A method of producing a monolithic ceramic
capacitor according to claim 5, wherein the oxgen partial
pressure renges from 10™*° Mpa to 10 Mpa, where 10~ Mpa is

equilibrium oxygen partial pressure of M/MO.

S. A method of producing a monolithic ceramic
capacitor comprising the steps of:

providing a ceramic green sheet including barium
titanate as a main component, magnesium oxide and silicone
oxide as sub components:

depositing a inner electrode including a metal M on
said green sheet;

laminating at last two of said green sheets;

ll!lll!{ I
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while formng different first layers 8a and second | ayers 8b that face each
other via the inner electrode 4 (Fig. 3). (4) The Si-containing interlayers
8 cover parigeozdwly@ndonly the both main surfaces of each inner el ectrode
4, while formng the first layers 8a that face each other via the inner

el ectrode 4 and form ng the second |ayers 8b that cover the first |ayers 8a
and face each other via the inner electrode 4 (Fig. 4). Now, the
constitution of the nmonolithic ceram c capacitor of the invention is
described in nore detail hereinunder with reference to the foll ow ng

Ex | es. EXAMPL .
anpt e gif&ng said laminated body at substantially

equilibrium oxygen partial pressure of M/MO; and
depositing an external electrode which is
electronically connected to said inner electrode, on the

outer surface of said laminated body.

10. A method of producing a monolithic ceramic
capacitor according to claim 9, wherein said metal M is one

of base metals.

11. A method of producing a monolithic ceramic
capacitor according to claim 10, wherein said base metal is

nickel.

12. A method of producing a monolithic ceramic
capacitor according to claim 9, wherein the oxgen partial
pressure renges from 10™° Mpa to 10 Mpa, where 107 Mpa is

equilibrium oxygen partial pressure of M/MO.

ST oL om0 s w
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First, raw materials of TiC[err] and Ba(NJ err])[err] having various
degrees of purity were prepared and wei ghed. These were treated with oxalic
acid to obtspiom3g2paeei pitate of 15 bariumtitanyl oxal ate

(BaTi Cerr]derr]).[err]Herr]O. This precipitate was deconposed under
heat at 1000[err] C or higher to give bariumtitanate (BaTiJerr]) having a
nEIar {atio of Ba/Ti of 1.0. Next prepared were BaCJerr], which is to vary
t he nol ar

ABSTRACT

A monolithic ceramic capacitor and producing method
thereof are disclosed. The ceramic capacitor comprises a
plurality of dielectric ceramic layers, a plurality of
inner electrodes as formed between the dielectric ceramic
layers in such a manner that one end of each inner
electrode is exposed out of either end of the dielectric
ceramic layers, and outer electrodes as electrically
connected with the exposed inner electrodes; in which the
inner electrodes each are made of a base metal, and Si
oxide layers or compound layers comprising an Si oxide and
at least one component that constitutes said dielectric
ceramic layers and said inner electrodes are formed
adjacent to the inner electrodes. The capacitor has
excellent thermal impact resistance and wet load resistance

characteristics.
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ratio of Ba/Ti of this bariumtitanate, and also Y[err](err],
Dy[err](err], N|O Co[err]CIerr] and MO each haV|n
of 99 %or higketa 5~ Ot 2,05 350 a8
fornmulated to o osition conS|st|ng essentlally of a main conponent
of 97.0{Ba0}1[%%%l}aq%] + 0.7Y[err]Jerr] + 0.3Dy[err](err] + 0.6W0O +
0.7NFO + 0.7 (as nol % and containing 1.2 nol% relative to said main
conponent of 100 nmol % of MgO to which was added 1.5 w.% relative

to the sum 022:; mai n conponent and MyO of being 100 wt. % of oxide gl ass
consi sting ially] of Li20(Tigerr].Sigerr])-A[err]err]. Next,
a polyvinyl butyral binder and an organi c solvent, such as ethanol or the

| i ke, were added thereto, and vgat-

apurlty

L |

0
@L& \ b | S0, %o
TN %
N ] \

6 5;: ; i; ;\ A6
5”’55;’ J == //=§~—5
A \
‘iz A
12 \
5 \
~‘/ N

@
€

I'his Sheet Has Been Replaced

Ml T




mlled in a ball mll to prepare a ceramic slurry. The resulting ceramc
slurry was sheeted according to doctor blading to obtain a  rectapgular,
green sheet R E = %8 niGRn2gsPo e —Next Y (274

el ect roconductj v past e consisting essentially of NN was printed on
this ceram c%n sheet, according to screen printing, to form
t hereon an¢ 16 el ectroconductive paste |ayer, which is fornmed into an
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i nner electrode. A plurality of these ceram c green sheets each having the

el ect roconductj ye,

manner that

out of it wa ernated W th t hat of another sheet

el ectrocondu
| am nate. This ﬁfiﬁ

wher eby the binder

orged thereon wer e Ian1nated Ln such z

mnth t he

te not exposed out of it. Thus was obtained a
ﬂfs heated in an N err] atnosphere at 350[err]C
was burnt out, and then baked in a reducing atnosphere

conprising gases of Herr], Nerr] and Herr] O under the condition
1. Thus re ogtﬁined herein vari ous ceram c | am nates

indicated in Tabl e
as shown in
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Table 1. To bake them the sanples were kept heated at 1300[err]C for 2
hours, and the heating speed and the cooling speed were both 200[err] C hr.
A silver pastEHFHEapd ifed MALH I Be both sides of each siMteded dcerdhi

| am nate, and again baked in an N2 atnosphere at 600[err]C to thereby form
outer electr&lestas electrically connected with the inner electrodes. Next,
the outer el S were coated with an N plate film which was further
coated with ais%i ger plate film The outer dinmension of each of these
nonolithic ceram'c capigitors thus obtained was 1.6 mMmwidth x 3.2 mm
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17 17 length x 1.2 nmthickness, and the thickness of each dielectric
ceram c | ayer as sandw ched between the inner electrodes was 6 [err]m

total nunber of the effective dielectric ceramc |ayers .was 150z To _
determ ne the thermal inpact resistance of the;capac1r0r§npﬁgﬁu¢ed_here!n,
50 pieces of each sanple were subjected to a thernmal inpact tgsﬁ, I n which

t he test

LN oy Ay
2 P RSt 097
bl i

|

MONOLITHIC CERAMIC CAPACITOR AND PRODUCING EETHUD*THJREGF

FIELD OF THE INVENTION
The present invention relates to monolithic ceramic
capacitors, specifically to those having inner electrodes
made of a base metal. Also, the present invention relates

to a producing method of the monolithic ceramic capacitor.

BACKGROUND OF THE INVENTION

Monolithic ceramic capacitors comprising conventional
dielectric ceramic compositions that consist essentially of
BaTiO; were problematic in that the compositions are
reduced into semiconductors if baked in neutral or reducing
atmospheres having a low oxygen ©partial pressure.
Therefore, it was necessary to use, as inner electrodes
therein, noble metals, such as palladium, platinum and the
like, that do not melt even at temperatures, at which such
dielectric ceramic compositions are sintered, and that are
not oxidized even when baked in atmospheres having a high
oxygen partial pressure, in which such dielectric ceramic
compositions can be baked without being converted into
semiconductors. However, the noble metals much interfered
with the reduction in the costs of the monolithic ceramic

capacitors thus produced.

- The



pleces each as pinched in a pair of tweezers were dipped in a sol der tank

kept at 300[err]C or 325[err]C for a few seconds. jAf-t-er havi ng bheen

hardened with a resin,

t he sanpl es were polished and then- observed with a

m croscope to check the presence or absence of cracks formed:.- To- detern1ne

the wet | oad resistance of the capacitqrs, 72 pieces of.-each. sanplenmere

subjected to a wet load test, in whichZa dlrect cur tent “vol t &gé of 16 V was
applied to each test piece under a pressure of 2 atrmospheres, at _a'relative

hum dity of 100 % and at a tenperature of 121[err}C, while neasuring the

Insulat i ng resi st ance of, eachy L esh 1,268 MG ¥RELoH bbYBgePERTRLL | Y-

t he
been desired to use inexpensive base metals such as nickel

as the materials of inner electrodes. HRowever, if such
base metals are used as the materials of inner electrodes
and if they are baked under the conventional conditions,
they are oxidized to lose their functions as electrodes.
Therefore, in order to successfully use such base metals as
inner electrodes, dielectric ceramic compositions having
excellent dielectric characteristics are needed that can be
baked even in neutral or reducing atmospheres having a low
oxygen partial pressure without making the layers of the
compositions into semiconductors. As materials that meet
such regquirements, for example, proposed were compositions
of the type of BaTiO;-CaZr03;-MnO-MgO, such as those
disclosed in Japanese Patent Application Laid-Open No. 62-
256422; compositions of the type of BaTiO3;-MnO-MgO-rare
earth oxide, such as those in Japanese Patent Application
Laid-Open No. 63-103861; compositions of the type of
BaTiOs~(Mg,Zn,Sr,Ca)0~Li0-Si0,-MO (MO: BaO, SrO, Ca0),
such as those in Japanese Patent Publication No. 61-14610;
and compositions of the type of (Ba,Ca,Sr,Mg,Ce)(Ti,Zr)0;,
such as those in Japanese Patent Application Laid-Open No.
3-263708.

However, monolithic ceramic capacitors having inner

electrodes of such a base metal were problematic in that,

In



ndnber of the tested pieces which showed an |nsulat|pg re5|stance (R) lof
106 [err] or lower within a period of 250 hours and whi.ch. Iherefore‘falled

in this test was counted. To confirm the presen¢el of th
Si-containing interlayers existing adjacent to the inn rfbiébtrodes,.each

sanpl e was subjected to EPMA anal ysi s. 3 18 The resylts obtained in these
tests are shown in Table TABLE 1 = g T

if each dielectric ceramic layer 1is thinned while
increasing the number of the layers to be laminated, some
residual stress is produced at the interface between the
inner electrode and the dielectric ceramic layer due to the
difference in the contraction and also in the thermal
expansion between the inner electrodes and the dielectric
ceramic layers, thereby worsening <the thermal impact
resistance of the capacitors. For their reliability in
high-temperature and high-humidity conditions, which
indicates so-called wet load~resisting characteristics of
the capacitors, the capacitors of that type were also
problematic in that such their characteristics are worsened
for the same reasons as above, if each dielectric ceramic
layer is thinned while increasing the number of the layers
to be laminated.

In order to solve these problems, Japanese Patent
Publication No. 7-56850 discloses monolithic ceramic
capacitors in which inner electrodes of Ni are bonded to
the matrix body via an aluminosilicate layer. However, the
disclosed capacitors are still problematic in that their
capacitance is low, that their equivalent series resistance
is large, and that, if each dielectric ceramic layer is
thinned, Al as added to the inner electrode paste diffuses

into such thin dielectric ceramic layers, thereby worsening



Sanmpl e No. Oxygen Pressure Si-Containing Thermal |npact Test Wt Load
Test at 1300[err] C (MPa) Interlayers 300[err]C 325[err]C 1-1

10[ err] No 3/ 50 7/ 50 3/72 1-2 10[err].

1/50 4/50 2/ 72 1-3 10[ err] Yes 0/ 50 . 0/50
0/72 1-4 10[ err] Yes 0/ 50 0/ 5Q 0/72 1-5
10[ err] Yes As cracked, the %anple coul d not be tested. % n

e |

No

Sanpl e No. 1-1 and Sanple No. 1-2 which had been sintered in the atnDsphere

havi ng an
i nterl ayer
had been

oxygen concentration of 10-11 MPa or | ower, .Si-containing

E:i %@&pt i erlstFg'c SBh%I’ g:aarp’r%g\%lt%gg - §HOX%/-%‘§X€DQ“} %h@'h'l ch

thermal impact resistance of the capacitors is low.

The aluinosilicate layer is a mixture of oxides of
metals such as Ni, Si and Al which originate in the inner
electrode paste.

Further, firing is carried out under a non-oxidative
condition, e.g. 1.5% of Hx - 98.5% of N:.

On the other hand, Japanese Patent Application Laid-
Open No. 3-133114 discloses monolithic ceramic chip
capacitors, in which oxide layers comprising components
that are different from those constituting the dielectric
layers are formed around the inner electrodes. In this,
the samples are fired in atmospheres having a low oxygen
concentration for the purpose of improving their
reliability in high-temperature load tests. However, this
baking method is ineffective in improving the thermal
impact resistance and the wet load resistance of the
capacitors.

In the ceramic chip capacitor mangane oxide layer is
formed around an internal electrode. Oxides of
Si/Ca/Ba/Ti/2r/P which originate in the dielectric material

may be included in the mangane oxide layer.

1



concentration of 10[err] MPa or higher, formed were interlayers

conpri sing

surfaces of the lam nate and around the edges of the other inner .7

el ect r odes.

per oxi dati on of the i nner el ectrodes,
as a capacitor. Referring to the data in the thermal resistance test an

oxi des of Si, rare earth elenments, Mi, Ni, Co and My around” the
i nner electrodes, as in Figs. 1 to 4. The |nterlayers were formed - L
especially greatly around the inner electrodes nearest to the both nahn

.~

However, Sanple No. 1-%5 was cracked owing to the

the wet | oad test, sone of the test gieces of Sanpl e
SUMMARY

F THE INVENTION

The subject matter of the present invention is to
improve the dielectric ceramic layers constituting a
monolithic ceramic capacitor having inner electrodes of a
base metal, thereby providing a monolithic ceramic
capacitor having excellent thermal impact resistance and
wet load resistance characteristics.

The present invention has been made in consideration
of the above-mentioned object.

The present invention provides a monolithic ceramic
capacitor composed of a plurality of dielectric ceramic
layers, a plurality of inner electrodes as formed between
the dielectric ceramic layers in such a manner that one end
of each inner electrode is exposed out of either end of the
dielectric ceramic layers, and outer electrodes as
electrically connected with the exposed inner electrodes,
which is characterized in that the inner electrodes each
are made of a base metal and that Si oxide layers are
formed adjacent to the inner electrodes.

The invention also provides a monolithic ceramic
capacitor composed of a plurality of dielectric ceramic
layers, a plurality of inner electrodes as formed between
the dielectric ceramic layers in such a manner that one end
of each inner electrode is exposed out of either end of the

dielectric ceramic layers, and outer electrodes as

and was not worthy of being evaiu

xted



19 Nos. 1-1 and 1-2, in which no Si-containing interlayers had been fprned,
failed in these tests; while none of the test pieces of Sanple Nos. -1:3 and
1-4 having Si-containing interlayers failed. These data verify that 't he
Si-containing interlayers forned in the capacitor sanples are effectlve in
improving the reliability of the sanples in the therinmal Tnpact test_and t he
wet | oad test. The Si-containing interfayers were flor'med when the ;

electrically connected with the exposed inner electrodes,
which is characterized in that the inner electrodes each
are made of a base metal and that compound layers
comprising an Si oxide and at least cne component that
constitutes said dielectric ceramic layers and said inner
electrodes are formed adjacent to the inner electrodes.

In the monclithic ceramic capacitor of the invention,
the base metal is preferably Ni or amn Ni alloy.

In the monolithic ceramic capacitor of the invention,
at least one component constituting the dielectric ceramic

layers is preferably an Si oxide.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a cross-sectional view illustrating one
embodiment of the monolithic ceramic capacitor of the
present invention.

Fig. 2 1is a cross-sectional view illustrating another
embodiment of the monolithic ceramic capacitor of the
present invention.

Fig. 3 is a cross-sectional view illustrating still
another embodiment of the monolithic ceramic capacitor of
the present invention. .

Fig. 4 is a cross-sectional view illustrating still
another embodiment of the monolithic ceramic capacitor of

the present invention.



cerami c | am nates were baked in the atnosphere having a relatively high

oxygen concentration. For form ng such Si- containing |nFefLayeLsr,LL Jds

effective to bake ceram c | am nates in at nospheres Herv'iL g TLT
hi gher oxygen concentration at higher tenperatures. The thonta1ﬁhﬂg
interlayers are not limted to only those forned througq a qémco I

be formed through post heat-treatnent ter baking with|

2 First,

degrees of purity were prepared and wei ghed. These were;
acid to obtain a precipitate of

PREFERRED EMBODIMENTS OF THE INVENTION

The monolithic ceramic capacitor of the present
invention is composed of a plurality of dielectric ceramic
layers, a plurality of inner electrodes as formed between
the dielectric ceramic layers in such a manner that one end
of each inner electrode is exposed out of either end of the
dielectric ceramic layers, and outer electrodes as
electrically connected with the exposed inner electrodes,
and is characterized in that the inner electrodes each are
made of a base metal and that Si oxide layers are formed
adjacent to the inner electrodes. As having this
constitution, the dielectric ceramic layers in the
monolithic ceramic capacitor of the invention having inner
electrodes of a base metal are improved, and the capacitor
has excellent thermal impact resistance and wet load
resistance characteristics.

Specifically, in the monolithic ceramic capacitor of
the invention, S8i gathers around the inner electrodes
during baking and is liable to form a liquid phase
therearound, resulting in that the Si oxide layers are
liable to spread over the entire surfaces of the electrodes.
Accordingly, in this, the bonding between the inner

electrodes and the dielectric ceramic lavers is enhanced,

raw materials of TiC[err] and Ba(hKIerr])[errh haV|ngn1aLLpus
treated\Mth oxal |

!
"



bariumtitanyl oxalate (BaTiQJerr]derr]).4Herr]O. Thi?jPE?QLPTYQFETV@S
deconposed under heat at 1000[err]C or higher to give bariumtitanate -

(BaTi @B) haying a nolar ratio of Ba/Ti of 1.0. 20 Next

Ho[err](Jerr], Co[err](err], BaCJerr], MCJerr], I\/gOaﬁd,«lS;';_@{-.-_._@rr‘;]g?_eagch
having a purity of 99 %or higher. The thus- prepared,hp?mdery naterlﬁls
were formulated to give a conposition cﬁnsisting essent i;all y -of —a-nmai-n-

conponent of

rprepared weréd

thereby improving the thermal impact resistance and the wet
load resistance characteristics of the capacitor.

The Si oxide layers formed adjacent to the inner
electrodes in the capacitor of the invention may be any of
deposits derived from the dielectric ceramic layers and
those derived from the inner electrodes. Preferably, the
Si oxide layers are deposits derived from the dielectric
ceramic layers, as being effective in enlarging the
capacitance of the capacitor and in reducing the equivalent
series resistance thereof.

The composition of the dielectric ceramic layers
constituting the capacitor of the present invention is not
specifically defined. For example, usable herein are
various dielectric ceramic compositions consisting
essentially of BaTiO; or SrTiO3;. For the reasons mentioned
above, preferably used are dielectric ceramic compositions
comprising Si oxides.

The present invention also provides a monolithic
ceramic capacitor which is composed of a plurality of
dielectric ceramic layers, a plurality of inner electrodes
as formed between the dielectric ceramic layers in such a
manner that one end of each “inner electrode is exposed out
of either end of the dielectric ceramic layers, and outer
electrodes as electrically connected with the exposed inner

electrodes, and which is characterized in that the inner



96.5BaTiJerr] + 1.5Ho[err](Jerr] + 2.0Co[err](Jerr] (as nmol% and
contai ning 0.5 nmol % of BaO, 1.5 mol % of MO 2.0 nol § of -MJO-and- 2. 0 -nol %
of Sigerr], all relative to said main conponent of Eeﬁng¢1007nDL@&thxt, a
pol yvinyl butyral binder and an organic solvent, such as ethanol "of ithe
like, were added thereto, and wet-nilled in a ball ml| wo:prepare 4
ceramic slurry. The resulting ceranmic sBurry was sheet ed ‘according tjo
doctor blading to obtain a rectangul ar, green sheet havi-ng -a thi-cknésg of
11 [err]m Next, an el ectroconducti ve paste? consi sting

I all f Ni s printed on this ceram c green Sheét,  according to
gifgg;lapryéigqﬁ#oaga)é%%nrﬁrthQQQprEﬂ]base é%tal and that compoué%

layers comprising an Si oxide and at least one component

that constitutes said dielectric ceramic layers and said
inner electrodes are formed adjacent to the inner
electrodes. As having this constitution, the dielectric
ceramic layers in the monolithic ceramic capacitor of the
invention having inner electrodes of a base metal are
iﬁproved, and the capacitor has excellent thermal impact
resistance and wet load resistance characteristics.

Specifically, in the monolithic ceramic capacitor of
that type of the invention, Si gathers around the inner
electrodes during baking and is liable to form a ligquid
phase therearound, resulting in that the Si-containing
oxide layers are liable to spread over the entire surfaces
of the electrodes. Accordingly, in this, the bonding
between the inner electrodes and the dielectric ceramic
layers is enhanced, thereby improving the thermal impact
resistance and the wet load resistance characteristics of
the capacitor.

The compound layers comprising an Si oxide and at
least one component that constitutes the dielectric ceramic
layers and the inner electrodes, which are formed adjacent
to the inner electrodes in the capacitor of the invention,
may be any of deposits derived from the dielectric ceramic

layers and those derived from the inner electrodes.



el ectroconductive paste layer, which is forned into—an-nner.electrode.
A plurality of these ceranic green sheets each having thateliectrocanductjve
paste layer formed thereon were lami nated in such a manner—that-the side! of
one sheet with the electroconductive paste exposed oyt ngﬁeﬁgtjﬁfmaﬁ

alternated with that of another sheet with| [the <= Fo/
el ectroconductive paste not exposed outtef it. Thus waslobtained.a___
| am nate. This lam nate was heated in an N err]

Preferably, the compound layers are deposits derived from
the dielectric ceramic layers, as being effective in
enlarging the capacitance of the capacitor and in reducing
the equivalent series resistance thereof.

The composition of the dielectric ceramic layers
constituting the capacitor of that type of the present
invention is not specifically defined. For example, usable
herein are various dielectric ceramic compositions
consisting essentially of BaTi0O3 or SrTio;. For the
reasons mentioned above, preferably used are dielectric
ceramic compositions comprising Si oxides.

Even base metals are usable to produce the inner
electrodes constituting the capacitor of the invention.
The composition of the base metals for use in the present
invention is not specifically defined. For these, for
example, concretely referred to are Ni, Ni alloys, Cu and
Cu alloys. Preferred are Ni and Ni alloys, since higher
sintering temperatures may be applicable to these.

The composition of the outer electrodes constituting
the capacitor of the present invention is not limited. For
example, the outer electrodes constituting the capacitor of
the invention may be any of sintered layers of
electroconductive powder of Ag, Pd, Ni or the like. That
is, usable herein are so-called baked electrodes. The

sintered layers for the outer electrodes may comprise such



21 atnosphere at 350[err] C whereby the binder was burnt -out and. t-hen-bak
in a reducing atnosphere conprising gases of Herr], N eritJ’and Hietrjd
under the condition indicated in Table 2. Thus were obtpi ped-herein varni ¢
ceram c |am nates as shown in Table 2. To bake them the sappl e smme?f (e
heated at 1300[err]C for 2 hours, and the heating speed; a d “th&-to6f{ n
speed were both 200[err]C/ hr. A S|Iver3ﬂaste was applied onto.the-both

si des of each sintered ceram c | am nate, and again baked in an N2

at nosphere at 600[err]C to thereby form outer el ectrodes—as—etectrtcal-ty

nn with the inper el ectrodes.
connect ed Eectroconductfve powder and glass frit of various types.

The glass frit may include, for example, B;03~Lij0-Si0;-Bac,
B;03~S10;-Ba0, Li,0-$i0,~-Ba0, and B;03;-Si0,-Zno0.

The sintered layers may be coated with a metal plate
layer of, for example, Ni, Cu, Ni-Cu or the like, which may
be further coated with an additional plate layer of, for
example, solder, tin or the like.

Now, the ©present invention is described more
concretely hereinunder with reference to Examples, which,
however, are not intended to restrict the scope of the
invention.

Some embodiments of the monolithic ceramic capacitor
of the present invention are referred to. Fig. 1 to Fig. 4
are cross~-sectional views illustrating different
embodiments of the monolithic ceramic capacitor of the
invention.

As illustrated, the monolithic ceramic capacitor 1 of
the invention is a rectangular parallelepiped, chip-type
capacitor, which comprises a ceramic laminate 3 as produced
by laminating a plurality of dielectric ceramic layers 2a,
2b via an inner electrode 4 therebetween; outer electrodes
5 formed at the both ends ‘of the ceramic laminate 3; a
first plate layer 6 of nickel, copper or the like as formed

on each outer electrode 5; and a second plate layer 7 of

ed

us

—+



Next, the outer electrodes were coated wwth an Ni plate film which was
further coated with a solder plate film The outer dinensyen-of-each-of-——-
t hese nonolithic ceram c capacitors thus obtained was 1.6Ldﬁ%%ﬁ@ﬂﬁ¢% S TmiN
length x 1.2 nmthickness, and the thickness of each diel CTFFC“CETHW?C”}

| ayer as sandwi ched between the inner electrodes was 6 [efr|] m. fhe 485 all
nunber of the effective dielectric cerh#ic |ayers was 150, To " det ef nff te ﬁhe
t hermal inpact resistance of the capacitors produced herein;. .50..pi.eces.._of
each sanple were subjected to a thermal inpact test, in which the test

\v

solder, tin or the like as formed on each first-plagémigié;“
6.

Now, a method for producing the monolithic ceramic
capacitor 1 of the invention is described below in the
order of the steps constituting the method.

First, the ceramic laminate 3 is produced as follows.
A non-reducing, dielectric ceramic composition is formed
into a slurry, and then sheeted to prepare dielectric
ceramic layers 2 (green sheets}. On one surface of each
green sheet, formed is an internal electrode 4 of nickel or
a nickel alloy. To form +the internal electrode 4,
employable is any method of screen printing, metal vapor
deposition or plating.

A predetermined number of the dielectric ceramic
layers 2b each with the inner electrode 4 formedlthereon
are laminated, and then sandwiched between two dielectric
ceramic layers 2s with no inner electrode 4. WNext, the
thus-laminated dielectric ceramic layers 2a, 2b, . . . 2b,
2a are baked in a reducing atmosphere at a predetermined
temperature to give the ceramic laminate 3.

Next, on the both sides of the ceramic laminate 3,
formed are two outer electrodes 5 that are connected with
the inner electrodes 4. The material of the outer
electrodes 5 may be the same as that of the inner

electrodes 4. Apart from this, silver, palladium, silver-



pi eces each as pinched in a pair of tweezers were dipped in_a solder tank
kept at 300[err]C or 325[err]C for a few seconds. _ V.- N -
hardened with a resin, the sanples were polished and then b$erVedfwﬁiﬁ”aw
m croscope to check the presence or absence of cracks forned, To determ né
the wet |oad resistance of the capacitqrs, 72 pieces of each! sarfpEgrwene
subjected to a wet load test, in whic direct current voltage of 16 V was

applied to

palladium alloys, copper, copper alloys and others can Eé
used as the material of the outer electrodes 5. If desired,
also usable are mixtures comprising powder of such metal
material and glass frit 6f, for example, B;0;-510,-Ba0,
Liy0-5i0,~-Ba0 or the like. Anyhow, suitable materials are
selected for the outer electrodes 5, in consideration of
the use of the monolithic ceramic capacitor and the site at
which the capacitor is used. The outer electrodes 5 can be
formed by applying a paste material of metal powder onto
the baked, ceramic laminate 3 followed by baking it.
Alternatively, the paste material can be applied onto the
non-baked ceramic laminate 3, which is baked all at a time.
After this, the outer electrodes 5 may be plated with
nickel, copper or the like to form a first plate layer 6
thereon. ILast, the first plate layer 6 is coated with a
second plate layer 7 of solder, tin or the like. Thus is
produced the chip~type, monolithic ceramic capacitor 1.

As in Fig. 1 to Fig. 4, (a) Si oxide layers, or (b)
compound layers comprising an Si oxide and at least one
component constituting the dielectric ceramic layers and
inner electrodes are formed adjacent to the inner
electrodes 4, and these are in any of the conditions
mentioned below. The layers (a) and (b) are hereinafter

referred to as Si-containing interlayers 8.

i

22 After having been-—
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each test piece under a pressure of 2 atnospheres, a>relatrvE hun1d|ty
of 100 % and at a tenperature of 121[err]C, while ne sgrig-the-+-Asi tlng
resi stance of each test piece which varied tinme-depe KJ aro Jn.t |s
test, the nunber of the tested pieces which showed F f SUIat|ﬁ§7 [
resistance (R) of 106 [err] or lower wi_thin a periodio .»250“hQUL§_aAd,mh|ch
therefore failed in this test was counﬂéd To conflfnl the presence

the Si-containing interlayers existing adjacent to the-inner—electr-odes,
each sanpl e was subjected to EPMA anal ysis. The results obtained in these

r hown in Table 2
tests are s (1) The Si-containing interlayers 8 cover almost

entirely the both main surfaces of each inner electrode 4,
while forming the first layers B8a that face each other via
the inner electrode 4 (Fig. 1).

(2) The Si-containing interlayers 8 cover partly and
randomly the both main surfaces of each inner electrode 4,
while forming the first layers 8a that face each other via
the inner electrode 4 (Fig. 2).

(3) The Si-containing interlayers 8 cover almost
entirely the both main surfaces of each inner electrode 4,
while forming different first layers 8a and second layers
8b that face each other via the inner electrode 4 (Fig. 3).

(4) The Si-containing interlayers 8 cover partly and
randomly the both main surfaces of each inner electrode 4,
while forming the first layers 8a that face each other via
the inner electrode 4 and forming the second layers 8b that
cover the first layers 8a and face each other via the inner
electrode 4 (Fig. 4).

Now, the constitution of the monolithic ceramic
capacitor of the invention is described in more detail
hereinunder with reference to the following Examples.

EXAMPLE 1

First, raw materials of TiCl; and Ba(NO3), having

various degrees of purity were prepared and weighed. These

were treated with oxalic acid to obtain a precipitate of



TABLE 2 Sanple No. Oxygen Pressure Si-Containing Ther -npact T@st

Load Test at 1300[err] C(MPa) interlayers 300[err]C 5[ e r-] C- 2t 1 5
10[ err] No 4/ 50 6/ 50 5/72 2-2 |‘ 10[err]~ o
No 1/50 3/50 3/72 2-3 10[ err] f YES cro fﬂ9/5o

0/ 50 0/ 72 2-4 10[ err] Yes 0/5 0f 0/50 77 0/i72
2-5 10[ err] Yes As X acked, the sanp e"could-not -be

t est ed. 23 S

barium titanyl oxalate (BaTiC(C;04)-4H;0). This precipitate
was decomposed under heat at 1000°C or higher to give
barium titanate (BaTiO;) having a molar ratio of Ba/Ti of
1.0.

Next prepared were BaCO3, which is to vary the molar
ratio of Ba/Ti of this barium titanate, and also Y;03, Dy,0s,
MnCO3, NiO, Coy0; and MgO each having a purity of 99 % or
Higher. The thus-prepared, powdery materials were
formulated to give a composition consisting essentially of
a main component of 97.0{Ba0}1.010°Ti0; + 0.7Y¥50; + 0.3Dy,0,
+ 0.6Mn0 + 0.7Ni0 + 0.7Co0 (as mol%) and containing 1.2
mol%, relative to said main component of being 100 mol%, of
MgO, to which was added 1.5 wt.%, relative to the sum of
said main component and MgO0 of being 100 wt.%, of oxide
glass consisting essentially of Li0-{Ti0;°8i0;)~Al,03.
Next, a polyvinyl butyral binder and an organic solvent,
such as ethanol or the like, were added thereto, and wet-
milled in a ball mill to prepare a ceramic slurry. The
resulting ceramic slurry was sheeted according to doctor
blading to obtain a rectangular, green sheet having a
thickness of 11 um.

Next, an electroconductive paste consisting
essentially of Ni was printed on this ceramic green sheet,

according to screen printing, to form thereon an



at nosphere haV|ng an oxygen concentratlon of 10[err] MP
Si-containing interlayers were not forned; while in Sa

and 2-5 which
concentration

|é Nos. 2-3,724
had been sintered in the atnosphere ablﬁﬁ’“ﬁﬁ ﬁgnyed
of 10[err] MPa or higher, forned were i nterlayers i

conprising oxides of Si, rare earth el edents, M, N, Cb and” My asint |

Figs. 1 to 4.

The |nterlayers wer e forned espeC|aIIy great ly_around t he|

i nner electrodes nearest to the both main surfaces of the |am nate aifd
es of the qther inner electrodes. However, Sanple No. 2-5
was crackeoe TTPCORUIGE 188, ORAREE | JRYSK t hWhich 1s formed into an

around the

inner electrode.

A plurality of these ceramic green sheets each having
the electroconductive paste layer formed thereon were
laminated in such a manner that the side of one sheet with
the electroconductive paste exposed out of it was
alternated with that of another sheet with the
electroconductive paste not exposed out of it. Thus was
obtained a laminate. This laminate was heated in an N,
atmosphere at 350°C whereby the binder was burnt out, and
then baked in a reducing atmosphere comprising gases of H,,
N, and Hy;0 under the condition indicated in Table 1. Thus
were obtained herein various ceramic laminates as shown in
Table 1. To bake them, the samples were kept heated at
1300°C for 2 hours, and the heating speed and the cooling
speed were both 200°C/hr.

A silver paste was applied onto the both sides of each
sintered ceramic laminate, and again baked in an No
atmosphere at 600°C to thereby form outer electrodes as
electrically connected with the inner electrodes.

Next, the outer electrodes were coated with an Ni
plate film, which was further coated with a solder plate
film.

The outer dimension of each of these monolithic

ceramic capacitors thus obtained was 1.6 mm width x 3.2 mm



I nner el ectrodes, and was not worthy of being evaluated as a capacitor.
Referring to the data in the thermal resistance test and-the-wet--load-test,
sonme of the test pieces of Sanple Nos. 2-1 and 2-2, inp M@yphﬁnOiifﬁiﬁf’
Si-containing interlayers had been forned, failed in fh se"f§§f§r“mhnI4
none of the test pieces of Sanple Nos. 2-3 and 2-4 havi_gﬁ$§$§9nﬁ, nqng
interlayers failed. These data verify tiat the Si-containing rnte fa gqs
formed in the capacitor sanples are effective in inprovtag-the-+el |?|ty

of the sanples in the thernmal inpact test and the weti | oad test.

———————— e e e
e U |

length x 1.2 mm thickness, and the thickness of each
dielectric ceramic layer as sandwiched between the inner
electrodes was 6 um. The total number of the effective
dielectric ceramic layers was 150.

To determine the thermal impact resistance of the
capacitors produced herein, 50 pieces of each sample were
subjected to a thermal impact test, in which the test
pieces each as pinched in a pair of tweezers were dipped in
a solder tank kept at 300°C or 325°C for a few seconds.
After having been hardened with a resin, the samples were
polished and then observed with a microscope to check the
presence or absence of cracks formed.

To determine the wet load resistance of the capacitors,
72 pieces of each sample were subjected to a wet load test,
in which a direct current voltage of 16 V was applied to
each test piece under a pressure of 2 atmospheres, at a
relative humidity of 100 % and at a temperature of 121°C,
while measuring the insulating resistance of each test
piece which varied time-dependently. In this test, the
number of the tested pieces which showed an insulating
resistance (R) of 106 Q or lower within a period of 250
hours and which therefore fatled in this test was counted.

To confirm the presence of the Si-containing
interlayers existing adjacent to the inner electrodes, each

sample was subjected to EPMA analysis.



24 The Si-containing interlayers were formed when the¢ geram.c | ani nares
were baked in the atnmosphere having a relatively high ¢xygen~concentratiion.
For form ng such Si.- containing interlayers, it is eff c{ive to bake :
ceram c | am nates in atnospheres having a  hi gher 8 =S@xygeny
concentration at higher tenperatures. The Si-containing {nterlayers are not
limted to only those fornmed through béﬁing, but couldibé“fﬁrﬁed*thTOUQﬁ

!

The results obtained in these tests are shown in Table

t TABLE 1
Sample No. Oxygen Pressure Si-Containing | Thermal impact Test | Wet Load Test
at 1300°C (MPa) interlavers 300°C 325°C
1-1 1012 No 3/50 . 7150 372
1-2 ot No 1/50 4/30 2/72
1-3 1010 Yes 0/50 0/50 o/72
1-4 108 Yes 0/50 0/50 o/72
15 106 Yes As cracked, the sampie could not be tested.

In Sample No. 1-1 and Sample No. 1-2 which had been
sintered in the atmosphere having an oxygen concentration
of 10-1! MPa or lower, Si-containing interlayers were not
formed; while in Sample Nos. 1-3, 1-4 and 1~5 which had
been sintered in the atmosphere having an oxygen
concentration of 10-10 Mpa or hiéher, formed were
interlayers comprising oxides of Si, rare earth elements,
Mn, Ni, Co and Mg around the inner electrodes, as in Figs.
1 to 4. The interlayers were formed especially greatly
around the inner electrodes nearest to the both main
surfaces of the laminate and around the edges of the other
inner electrodes. However, Sample No. 1-5 was cracked
owing to the peroxidation of the inner electrodes, and was
not worthy of being evaluated as a capacitor.

Referring to the data in the thermal resistance test

and the wet load test, some of the test pieces of Sample



post heat-treatnent after baking with no problem In acecordance w_th the
exanples 1 and 2, acceptable oxygen pressure ranges frpW11®[err],to &0{ rr
MPa at 1300[err]C The equi |l i brium oxgen perti al press of - Nr%NICLL 7
10[err] MPa at 1300[err]C. Fromthis, it is preferableg F ,j$;| 8
carried out an oxygen pressure near or under the eqU|i Urlun1bxy ??p)r%

pressure of MMO (N is a netal forn1ng!éh.|nternal el gctlrode), _ And h
lower limt of the oxygen partial pressure is preferahly 1/1000 of t
equi l'i bri um oxygen partial pressure of MMO. If the oXygen—patial |

pressure is |lower than the above-limt, oxidation of Si around the
Nos. 1-1 and 1-2, in which no Si- -containing interlayers had

been formed, failed in these tests; while none of the test
pleces of Sample Nos. 1-3 and 1-4 having Si-containing
interlayers failed.

These data verify that the Si-containing interlayers
formed in the capacitor samples are effective in improving
the reliability of the samples in the thermal impact test
and the wet load test.

The Si-containing interlayers were formed when the
ceramic laminates were baked in the atmosphere having a
relatively high oxygen concentration. For forming such Si-
containing interlayers, it is effective to bake ceramic
laminates in atmospheres having a higher oxygen
concentration at higher temperatures.

The Si-containing interlayers are not limited to only
those formed through baking, but could be formed through
post heat-treatment after baking with no problem.

EXAMPLE 2

First, raw materials of TiCl; and Ba{NO3); having
various degrees of purity were prepared and weighed. These
were treated with oxalic acid to obtain a precipitate of
barium titanyl oxalate (BaTi®(C,0;)-4H,0). This precipitate
was decomposed under heat at 1000°C or higher to give

barium titanate (BaTiO;) having a molar ratioc of Ba/Ti of

1.0.



i nner electrode is not well pronoted. Also, it is expetted that when., f|r|ng
is carried out at an oxygen partial pressure | ar ger t han the equi Iibri
oxygen partial pressure of MMO, netal included in the internal eteetr de
wi |l be oxidized. 25 EXAMPLE 3 Two different sanples merepfgepg§ ?
herein. (One was conprised of the sanezgaln conponent df f he" di ef éct

ER S

R |

Next prepared were Ho;0;3, Co0303, BaC0O;, MnCO3;, MgO and
$i0; each having a purity of 99 % or higher. The thus-
prepared, powdery materials were formulated to give a
composition consisting essentially of a main component of
96.5BaTiO03; + 1.5H030; + 2.0C0,0; (as mol%) and containing
0.5 mol% of BaQ, 1.5 mol% of MnO, 2.0 mol% of MgO and 2.0
mol% of Si0;, all relative to said main component of being
100 mol%. Next, a polyvinyl butyral binder and an organic
solvent, such as ethanol or the like, were added thereto,
and wet-milled in a ball mill to prepare a ceramic slurry.
The resulting ceramic slurry was sheeted according to
doctor blading to obtain a rectangular, green sheet having
a thickness of 11 um.

Next, an electroconductive paste consisting
essentially of Ni was printed on this ceramic green sheet,
according to screen printing, to form thereon an
electroconductive paste layer, which is formed into an
inner electrode.

A plurality of these ceramic green sheets each having
the electroconductive paste layer formed thereon were
laminated in such a manner that the side of one sheet with
the electroconductive paste exposed out of it was
alternated with that of another sheet with the
electroconductive paste not exposed out of it. Thus was

obtained a laminate. This laminate was heated in an N,



ceram c conposition as in Exanple 1 and 1.0 wt.% relative t0 100 W . % of
the dielectric ceramc conposition, of the sane oxide jglRESsigrantai fing
SiJerr] as in Exanple 1; while the other was conpri sgd jpf-—enat-y-t-he--ngi n
conponent of the dielectric ceram c conposition but nat cquaineqﬁLhe;o<ide
gl ass. Usi ng these, nonolithic ceram_ c capacitors ware P (1WA he ane
manner as in Exanple 1. The oxygen cofdentration in tthe_baki ng_at nosphere
used herein was the same as that for the baking of Sanple No. 1-4 shownjin
Tabl e 1. The baking tenperature for the fornmer sanple—eent-ai-n-ng_the |
oxi de glass was 1300[err] C while that for the latter sanple not containing
t he oxi de @Fgggpgﬁgelggopgprchhereby the binder was burnt out, and

then baked in a reducing atmosphere comprising gases of Hj,

N, and H;0 under the condition indicated in Table 2. Thus
were obtained herein various ceramic laminates as shown in
Table 2. To bake them, the samples were kept heated at
1300°C for 2 hours, and the heating speed and the cooling
speed were both 200°C/hr.

| A silver paste was applied onto the both sides of each
sintered ceramic laminate, and again baked in an N;
atmosphere at 600°C to thereby form outer electrodes as
electrically connected with the inner electrodes.

Next, the outer electrodes were coated with an Ni
plate film, which was further coated with a solder plate
film.

The outer dimension of each of these monolithic
ceramic capacitors thus obtained was 1.6 mm width x 3.2 mm
length =x 1.2 mm thickness, and the thickness of each
dielectric ceramic layer as sandwiched between the inner
electrodes was 6 um. The total number of the effective
dielectric ceramic layers was 150.

To determine the thermal impact resistance of the
capacitors produced herein, 50 pieces of each sample were
subjected to a thermal impact test, in which the test
pieces each as pinched in a pair of tweezers were dipped in

a solder tank kept at 300°C or 325°C for a few seconds.



The higher tenperature for the latter was to conpensate the sintering

I nsufficiency. To determ ne the thernmal inpact reS|stance of the; capaC|tors
produced herein, 50 pieces of each sanple were subjected: towa.thernaL T
i npact test, in which the test pieces each as pinched inia:pair of tmeezbrs

# o

were dipped in a solder tank kept at 300[err]C or 325[err]C flor & f éW7 '3;
seconds. After having been hardened w t4e a resin, the sanptes wer e pollshed
and then observed with a m croscope to check the presence or absencé of ™ ;
cracks forned. B

After having been hardened with a resin, the samples were
polished and then observed with a microscope to check the
presence or absence of cracks formed.

To determine the wet load resistance of the capacitors,
72 pieces of each sample were subjected to a wet load test,
in which a direct current voltage of 16 V was applied to
each test piece under a pressure of 2 atmospheres, at a
relative humidity of 100 % and at a temperature of 121°C,
while measuring the insulating resistance of each test
piece which varied time-~dependently. In this test, the
number of the tested pieces which showed an insulating
resistance (R) of 10¢ Q or lower within a period of 250
hours and which therefore failed in this test was counted.

To confirm the presence of the Si-containing
interlayers existing adjacent to the inner electrodes, each
sample was subjected to EPMA analysis.

The results obtained in these tests are shown in Table

* TABLE 2
Sample No. Oxygen Pressure Si-Containing | Thermal Impact Test| Woet Load Test
at 1300°C (MPa) interlayers 300°C 325°C
2-1 1012 No 4/50 6/50 5/72
2-2 1011 ;\io 1/50 3/50 372
2-3 1010 Yes 0/5G 0/50 0/72
2-4 108 Yes 0/50 0/50 0/72
2-5 106 Yes As cracked, the sample could not be tested.




26 To determine the wet |oad resistance of the capacitqrs, 72 pieces of
each sanple were subjected to a wet |oad test, in which priregt:, purrent
voltage of 16 V was applied to each test piece under ajpressu-e e of 2!
at nrospheres, at a relative humdity of 100 % and at a {ehperature of |
121[err]C, while measuring the insul ating resistance of fach® pe?thﬁ?eoe
whi ch varied tine-dependently. In this-test, the nunper_of the testqd

pi eces which showed an insulating resistance (R) of 10} [err] or Tower

count ed. In Sample No. 2-1 and Sample No. 2-2 which had been

sintered in the atmosphere having an oxygen concentration
of 10-! MPa or lower, Si-containing interlayers were not
formed; while in Sample Nos. 2-3, 2~4 and 2-5 which had
been sintered in the atmosphere having an oxygen
concentration of 10-1® Mra or Thigher, formed were
interlayers comprising oxides of Si, rare earth elements,
Mn, Ni, Co and Mg, as in Figs. 1 to 4. The interlayers
were formed especially greatly around the inner electrodes
nearest to the both main surfaces of the laminate and
around the edges of the other inner electrodes. However,
Sample No. 2-5 was cracked owing to the peroxidation of the
inner electrodes, and was not worthy of being evaluated as
a capacitor.

Referring to the data in the thermal resistance test
and the wet load test, some of the test pieces of Sample
Nos. 2-1 and 2-2, in which no Si-containing interlayers had
been formed, failed in these tests; while none of the test
pieces of Sample Nos. 2-3 and 2-4 having Si-containing
interlayers failed.

These data verify that the Si-containing interlayers
formed in the capacitor samples are effective in improving
the reliability of the samples in the thermal impact test

and the wet load test.



To confirm the presence of the Si-containing interlayFrs eX|st|ng
adj acent to the inner electrodes, each sanple was subjected| -

tio EPMA.

The results obtained in these tests are shown in Tqble 3. TABLE 3

anal ysi s.

Sanmpl e No. d ass Conponent Si-Containing Thermal | npact Tbsn Wet Load ™
Test Interlayers 300[err]C 325[err]C 3-1 1.0 wt. % addgd. " BYeS: o7
0/ 50 0/ 50 0/ 72 3-2 Not addéd No 1/50+ {12/50

In Sanple No. 3-1 containing the oxide glass, formed were |nterlayers
conprising oxides of Si, rare earth e

The Si~containing interlayers were formed when the
ceramic laminates were baked in the atmosphere having a
relatively high oxygen concentration. For forming such Si-
containing interlayers, it is effective to bake ceramic
laminates in atmospheres having a . higher oxygen
concentration at higher temperatures.

The Si~containing interlayers are not limited to only
those formed through baking, but could be formed through
post heat-treatment after baking with no problem.

In accordance with the examples 1 and 2, acceptable
oxygen pressure ranges from 107" to 10™° MPa at 1300°C. The
equilibrium oxgen pertial pressure of Ni/NiC is 107 Mpa
at 1300e¢cC.

From this, it is preferable that firing is carried out
an oxygen pressure near or under the equilibrium oxygen
partial pressure of M/MO (M is a metal forming an internal
electrode). And, the lower limit of the oxygen partial
pressure is preferably 1/1000 of the equilibrium oxygen
partial pressure of M/MO. If the oxygen partial pressure
is lower than the above-limit, oxidation of Si around the
inner electrode is not well promoted.

Also, it is expected that when firing is carried out
at an oxygen partial pressure larger than the equilibrium
oxygen partial pressure of M/MO, metal included in the

internal electrode will be oxidized.

gy 7‘2
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el enent s,
not containing the oxide glass, no Si- contalnlng

Referring to the data in the thernal
none of the test pieces of Sanple No. 3-1 having Si-fc
failed in these tests; while sone of tg test pieces
which no Si-containing interlayers ha en forned,

M, NI, Co and My, as in Figs. 1 to 4; while in Sanple No. 3-2

s—were_f ormed.

3ﬁta|n|ng rnteﬂ

It
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EXAMPLE 3

Two different samplés were prepared herein. One was
comprised of the same main component of the dielectric
ceramic composition as in Example 1 and 1.0 wt.%, relative
to 100 wt.% of the dielectric ceramic composition, of the
same oxide glass containing Si0O, as in Example 1; while the
other was comprised of only the main component of the
dielectric ceramic composition but not contained the oxide
glass. Using these, monolithic ceramic capacitors were
formed in the same manner as in Example 1. The oxygen
concentration in the baking atmosphere used herein was the
same as that for the baking of Sample No. 1~4 shown in
Table 1. The baking temperature for the former sample
containing the oxide glass was 1300°C; while that for the
latter sample not containing the oxide glass was 1380°C.
The higher temperature for the latter was to compensate the
sintering insufficiency.

To determine the thermal impact resistance of the
capacitors produced herein, 50 pieces of each sample were
subjected to a thermal impact test, in which the test
pieces each as pinched in a pair of tweezers were dipped in
a solder tank kept at 300°C or 325°C for a few seconds.
After having been hardened with a resin, the samples were
polished and then observed with a microscope to check the

presence or absence of cracks formed.

| Ie ~ﬂ§7?97 d
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both the thermal resistance test and the wet |oad test. -These data verify
that the Si-containing interlayers forned in the sanplelare effectlve (!

i mproving the reliability of the sanple in the thernal |npact t'est anthhe
wet load test. The Si-containing interlayers were formed wh n the ceran1¢

| am nat e was baked in the atnosphere having a relatlvehy‘hlgh oxdeW’ i
concentration. For forming such Si- coffining interlayers, it is effe tlve
to bake ceram c | am nates in at nospheres having | a h|gher““"0kygen
concentration at higher tenperatures. The Si-containing~+ﬂterlayej§w§ngnot

limted to only ) ) .
To determine the wet load resistance of the capacitors,

72 pieces of each sample were subjected to a wet load test,
in which a direct current voltage of 16 V was applied to
each test piece under a pressure of 2 atmospheres, at a
relative humidity of 100 % and at a temperature of 121°C,
while measuring the insulating resistance of each test
piece which wvaried time-dependently. In this test, the
number of the tested pieces which showed an insulating
resistance (R) of 106 Q or lower within a period of 250
hours and which therefore failed in this test was counted.

To confirm the ©presence of the Si-containing
interlayers existing adjacent to the inner electrodes, each
sample was subjected to EPMA analysis.

The results obtained in these tests are shown in Table

3.
TABLE 3
Sample No. Qlass Component Si-Containing | Thermal Impact Test | Wet Load Test
Interlavers 300°C 325°C
3-1 1.0 wt.% added. Yes 0/50 0/50 G/72
3-2 Not added. No 1/50 12/50 8/72

In Sample No. 3-~1 containing the oxide glass, formed
were interlayers comprising oxides of §8i, rare earth
elements, Mn, Ni, Co and Mg, as in Figs. 1 to 4; while in
Sample No. 3-2 not containing the oxide glass, no Si-

containing layers were formed.



those formed through baking, but could be forned through post
heat-treatment after baking with no problem As  having 'EW*COﬁtalﬂlng —_—
i nterl ayers around the interfaces between the inner e eEfPoﬁes~of sal-base

nmetal and the dielectric ceramc layers, the monolithic efani ¢ capaCITqr
of the present invention has better thernmal inpact resisfa ceq@@domg@
resi stance characteristics than any ot-#dr conventional ohe 28

1
e ]

Referring to the data in the thermal resistance test
and the wet load test, none of the test pieces of Sample No.
3-1 having Si~-containing interlayers failed in these tests;
while some of the test pieces of Sample No. 3-2, in which
no Si-containing interlayers had been formed, failed in
both the thermal resistance test and the wet load test.

These data verify that the Si-containing interlayers
fbrmed in the sample are effective in improving the
reliability of the sample in the thermal impact test and
the wet load test.

The Si~containing interlayers were formed when the
ceramic laminate was baked in the atmosphere having a
relatively high oxygen concentration. For forming such Si-
containing interlayers, it is effective to bake ceramic
laminates in  atmospheres having a higher oxygen
concentration at higher temperatures.

The Si-containing interlayers are not limited to only
those formed through baking, but could be formed through
post heat-treatment after baking with no problem.

As having Si-containing interlayers around the
interfaces between the inner electrodes of a base metal and
the dielectric ceramic layers, the monolithic ceramic
capacitor of the present invention has better thermal
impact resistance and wet load resistance characteristics

than any other conventional ones.



VWhil e the invention has been described in detail and with-+reference to
speci fic enbodi nents thereof, it wll be apparent to one EMIIlethﬂ;thebafﬂ

t hat various changes and modi fi cations can be made t herei Vr{heup_;n |
departing fromthe spirit and scope thereof. 29 WHAT 1S ICLAI MED | S: 1] I

A nonolithic ceranic capacitor conpr|5|ng, a plurality of qle1ét¢??€"”i o
o

ceram c | ayers, 28, — i'
‘ ]

!
T e . Rpp— I
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While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from

the spirit and scope thereof.



a plurality of inner electrodes as fornmed between the dielectric ceramc
| ayers in such a manner that one end of each inner elect Oﬂé"TS“EXpesed
of either end of the dielectric ceramc |ayers, and oute, euﬁcgrodes as.
electrically connected with the exposed inner electrodes, fhe nDno1|tth l
ceram c capacitor being characterized |n that; the |nner' e@Urodesmeacﬁ f
are nade of a base netal, and Si OX|de_Layers are forned adjacent té th he ;
i nner el ectrodes. 2. A nonol i thic ceramic capaci tor cqnpr|5|ng SRR B
WHAT IS CLAIMED IS:
1. A monolithic ceramic capacitor comprising;
a plurality of dielectric ceramic layers,
a plurality of inner electrodes as formed between the
dielectric ceramic layers in such a manner that one end of
each inner electrode is exposed out of either end of the
dielectric ceramic layers, and
outer electrodes as electrically connected with the
exposed inner electrodes,
the monolithic ceramic capacitor being characterized
in that;
the inner electrodes each are made of a base metal,

and Si oxide layers are formed adjacent to the inner

electrodes.

2. A monolithic ceramic capacitor comprising;

a plurality of dielectric ceramic layers,

a plurality of inner electrodes as formed between the
dielectric ceramic layers in such a manner that one end of
each inner electrode is exposed out of either end of the
dielectric ceramic layers, and

outer electrodes as electrically connected with the
exposed inner electrodes,

the monolithic ceramic capacitor being characterized

in that;

N



a plurality of dielectric ceramc layers, a plurality of inner electrodes

as formed between the dielectric ceramc layers in such g -nmpnner-that qne

end of each inner electrode is exposed out of either end'® Lwhemduepq¢¢{yc
|

—

ceram c |layers, and outer electrodes as electrically cdnquFEG”mrththp
exposed i nner el ectrodes, the nonolithic ceram c capacift rgpg@@%.EQ7
characterized in that; 20 L

|
S |
', ——— 1 [
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the inner electrodes each are made of a base metai,
and compound layers comprising an Si oxide and at least one
component that constitutes said dielectric ceramic layers
and said inner electrodes are formed adjacent to the inner

electrodes.

3. The monolithic ceramic capacitor as claimed in

claim 1 or 2, wherein said base metal is Ni or an Ni alloy.

4. The monolithic ceramic capacitor as claimed in
any one of claims 1 to 3, wherein at least one component

constituting said dielectric ceramic layers is an Si oxide.

5. A method of producing a monolithic ceramic
capacitor comprising the steps of:

providing a ceramic green sheet including barium
titanate as a main component, magnesium oxide as a sub
component, and oxide glass including Li20-{Ti029Si0z)-Al20s3
as a main component;

depositing an inner electrode including a metal M on
said green sheet;

laminating at last two of said green sheets;

firing said laminated body at substantially

equilibrium oxygen partial pressure of M/MO; and

L

o




30 the inner electrodes each are made of a base netal, and_conpound | ayers

—

conprising an Si oxide and at | east one conponent that con q#ﬁyfggjgghgm%_
dielectric ceramic layers and said inner el ectrodes are far "ﬂfﬁﬁiﬁﬁgnw”ﬁﬁ
the inner electrodes. 3. The nonolithic ceram c capacitqgr |as clai mred™n
claim1l or 2, wherein said base netal is Ni or an N allo .!4I*F5Tmeﬁg?
monol i thic ceranic capacitor as clainmedlin any one of claing 1 to 3,
wherein at |east one conponent constituting said dielectric céeram c-tayeds
is an Si oxide. 5. A method of producing a nonolithic_ ceramc

———..

depositing an external electrode which is
electronically connected to said inner electrode, on the

outer surface of said laminated body.

6. A method of producing a monolithic ceramic
capacitor according to claim 5, wherein said metal M is one

of base metals.

7. A method of producing a monolithic ceramic
capacitor according to claim 6, wherein said base metal is

nickel.

8. A method of producing a monolithic ceramic
capacitor according to claim 5, wherein the oxgen partial
pressure renges from 107’ Mpa to 10™ Mpa, where 10 Mpa is

equilibrium oxygen partial pressure of M/MO.

9. A method of producing a monolithic ceramic
capacitor comprising the steps of:

providing a ceramic green sheet including barium
titanate as a main component, magnesium oxide and silicone
oxide as sub components; N

depositing a inner electrode including a metal M on
said green sheet;

laminating at last two of said green sheets:

0
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capacitor conprising the steps of: providing a ceramc gﬁﬁ}@ﬁ?ﬁﬁéﬂf“”;f
including bariumtitanate as a main conponent, magnesi ym_0xide as’'a’ st
conmponent, .and oxi de gl ass i ncl udi ng ;
Li[err]O-(Tigerr].Sigerr])-A[err]Jerr] as a mﬂncﬁ OﬂﬁﬂﬂﬁﬂWQﬂihg
an inner electrode including a netal M_on said green sheet; |am nating at

| ast two of said green sheets; firing_—22said Ianinatéd T pody at- f

substantially equilibriumoxygen partial pressure of MMJ_and '

N

firing said laminated body at substantially
equilibrium oxygen partial pressure of M/MO; and

depositing an external electrode which is
electronically connected to said inner electrode, on the

outer surface of said laminated body.

10. A method of producing a monolithic ceramic
capacitor according to claim 9, wherein said metal M is cne

of base metals.

11. A method of producing a monolithic ceramic
capacitor according to claim 10, wherein said base metal is

nickel.

12. A method of producing a monolithic ceramic
capacitor according to claim 9, wherein the oxgen partial
pressure renges from 107 Mpa to 10™ Mpa, where 10™ Mpa is

equilibrium oxygen partial pressure of M/MO.

[T



31 depositing an external electrode which is e ep&rbn:cath T

connected to said inner electrode, on the outer surface of -sai.d- [anlnatqd}

body. 6. A method of producing a nonolithic cerag1 {ﬁpa0|t 4
al

|
i !
according to claimb5, wherein said netal Mis one of bas §TRTVT i
met hod of producing a nonolithic ceramc capacitor accordlng to C|&IT
|

[ — |

6, wherein said base netal is nickel 8. 33 A nethod of prodUC|ng a
monolithic ceramc e e et e e
MONOLITHIC CERAMIC CAPACITOR AND PRODUCING METHOD THEREOF

ABSTRACT

A monolithic ceramic capacitor and producing method
thereof are disclosed. The ceramic capacitor comprises a
plurality of dielectric ceramic 1layers, a plurality of
inner electrodes as formed between the dielectric ceramic
layers in such a manner that one end of each inner
electrode is exposed out of either end of the dielectric
ceramic layers, and outer electrodes as electrically
connected with the exposed inner electrodes; in which the
inner electrodes each are made of a base metal, and Si
oxide layers or compound layers comprising an Si oxide and
at least one component that constitutes said dielectric
ceramic layers and said inner electrodes are formed
adjacent to the inner electrodes. The capacitor has
excellent thermal impact resistance and wet load resistance

characteristics.
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capaci tor according to claimb5, wherein the oxgen partial pressure renges
from10[err] Ma to 10[err] Mda, where 10[err]Ma is equn_llbu um.oxygen
partial pressure of M MO 9. A nmethod of produci ngg B rmnolrtlaue T
ceram c capacitor conprising the steps of: providing a ceramc g*eens e t
including bariumtitanate as a main conponent, nagnesi um bxide_ and Si | |,c ne
oxi de as sub conponents; depositing a inner electrode i ol ud’ ng» et ali M
on said green sheet; lamnating at |last two of said grellen’ sheets;
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32 firing sai d | am nat ed body at substantially equilibrium oxygen

parti al
whi ch

sur face
ceram c
net al s.

pressure of MMJ and depositing an ext er nal el ectrode

is electronically connected to said inner elect de“ On, fﬁE“UUf
of said | am nated body. 10. A nethod of producing, a.nunoflth1c *?
capacitor according to claim9, wherein said neﬂal Mis one ofgbqse
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11. A nethod of producing a nonolithic ceramc . i) i ;
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capacitor according to claim 10, wherein said base netal is nickel. 12. A
nmet hod of producing a nonolithic ceram c capacitor according to claim?9,
wherein the oxgen partial pressure renges from 10[err] I\,fpaﬁ_t,g_l.g[err] Ma,

where 10[err]Ma is equilibriumoxygen partial pressure jofi;M M 7.
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KCB REPORT SG 9702478-0
M
Box IX TEXT OF THE ABSTRACT (Continuation of item § of the first sheet)
%“tm

A monolithic ceramic capacitor {1} and producing method thereof are disclosed. The ceramic capacitor comprises g
plurality of dielectric ceramic layers (2a, 2b), a plurality of inner electrodes (4) as formed between the diclectric ceratic
layers in such a manner that one end of each inner electrode is exposed out of either end of the dielectric ceramic lavers -
and outer electrodes (5) as electrically connected with the exposed inner electrodes; in which the inner electrods ca.ch h
are made of a base metal, and Si oxide layers (8) or compound layers comprising an Si oxide and at least once component
that constitutes said dielectric ceramic layers and said inner electrodes are formed adjacent to the inner clectrodey The
capacitor has excellent thermal impact resistance and wet load resistance characteristics.
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